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I. SUMURY

A, PRBPARMTION FUR TBSTS

1, Perasomnel and Pacilitles
During the cur=ant period, considerabls adrinistrative progress was mads
preparatory to studies of asrosol cloud behavior within Minneap~lls and
8t Lowls, Permanent £isld offices were established, and thirtesn full-
tims and ninsty«four partetims parsomnel wers asaigned to these fleld
cparatiors, In uhs Mlnneapolis office, whioh inoludes a garage for
storing and maintalning metworolegleal and sampling equipsment, fasill-
tiss were set up for fluorescent=partdels counting and fon data analy-
sis in strict conformity with seocurlty regulations, To minimize the
posaibility of aceldentally introduced econtamination, arranzaments wers
campleted in Minnseapolis for the storage of fluorescent materdsl and

asrosolegensration aquipment at a location remots from the filald offiecs,

2, Instrumentaticn
The design, produstion, and delivery of meteorological and sampling in-
gtruments ars nearly complete, Inltlal experience with wintsrtims
conditiona and with the street routes required for rroper temperature
surveys has resulted in an expanded instmmsentation program for Minne-
gpoils, Though preliminzry fleld tests have indlcated that equipment
will parform according to specificatien, cortain structural modifica-

tions have been necessary, Instances of developmental progress are
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I. SUMMARY (Continusd)
provided in detailed desoriptions of the Portabls wind Directien Re-
cordar and tie Aspirated Thermistor Alr Temperature Indiesitor,

B FIELD MEASUREMENTS AND RESUL2S

1, The Urban Tharmael Structurse of Minneapollis
Evalvation was mads of four temporature surveys conducted in Minnsas
polis, including several measuremsnts of vertical temperaturs gradients,
From tha resulting twelve isetherm charts, a characheristic urban tem-
perature pattern was determined for Minnsapelis., The five soundings in
the bullteup area, considered with the raob soundings obtained at
8t, Cloud, indeatad a pronsuncad urban effect on vertical temperature
gradlent, In its salient features, ths Lerperature siructure is come
parable to thosa notsd for esrtaln Californla coastal oltles:

(1) Hghes: tempsratures wers found in o near the builteup
area, while lower temperaturs readirgs were obtainsd near tle larger
parks or undevaloped areasg

(2) Oonsiderable instability existed within a downtown area
at timee when ‘nversions probably developed over the area aurrounding
ity

(3) The greatsst urban temperature differentlal was cbtained
with elear skies and low wind speeds, and under converse conditices

this differential was greatly reduceds

Page 7
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I. SMMMARY (Continued)
| (L) Tnder moderate wind velocities, isotherm patterns were dls-

placed somavhat in the &ewvmwind dirsetien,

Though the iscthers pattern dld not appear 4o be alfested by belw-
freesing tauperatures, winter sSurveys are necessary w datamming the

,‘ possibls effect of frosen lakes and srnow=aovared grouwnds upon temer-

f‘ ature rattern,

| 2, Mfalantion of 8itse for Asrosol Cloud Studles

i Msed on sonsiderations of styrueturs and population dansity, topogra=-

| phy, and mescmetsorological survey results, the following four sites
bave been tentetlvely Selssisd as desirable aress for aercsol oloud

\L studies employiny ‘n- [luorescent tracer technique:

i (1) 4 builer.; ares, predemirantly residential but also ccmpri

sing comcxiclal 1.ruc mesy

(2) An awves located along che river and comparabls to tha firat
site in size, pornls’.sn, and structure density;

(3) A cenucal “Aswntown distriet; and

(LY & £l cp.n area on the outskirts of the eity,

et

The selectlon of ‘hese sites will anahle comparative studlas for svalue

eting urvan effeyt. The first two «reas, for exampls, can be paired for
datermining the prssi-le river effsct upon aercsol btshavior, Until fi- }‘
ral salection if pade of all fiseld arsas, the major testing effort will ‘
be devoted to ths firei site, H

Pags 8 1
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II, FELD CFFIOR FACILITIES AND PFRSONNEL

Ao TEQUIREMENTS

The Zirat Joint Quarterly Raport discussed the requiremants for fleld
office fasilities and psrsonnel, It was pclutad out that the offlee
should provide spaco ir whieh the variocus activities and fumotiona ean
be performed and abhanld satisfy the requiremants imposed by sesurity
tegunletlons, Ths reasens for lessting tho fleld offlce in Minnaspolis,
with & subordinate office in 8t, Louls, wers explainad, and the stape
taken {0 seduxe adaquate space in Minmneapolis vare outlined,

Joint Quartarly Report No. 1 also dlsoussed the psrsonnsl requiremsnts
to obtain field test data, to analywe and reduce the data to a usable
form, and to perform ths administrative dutiss requdred by such an
opretion,

The presant sagtion dascribea the fleld cffice fasilities that heve
been estuiblished and the persommel assigned to the projeet to masd or-

ganlzetionsl requiremants,

Bs FIELD QFFICE PACILITIRS

1, Minnsapolis
During Oetober a satisfactory lsaae agreemant was concluded for & plece
of property suitabla for the Minneapolis field office, lccated at 918
Third Avenus 8outh, about oneehalf mlls mouth of the central business

Page
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11, FTELD OFFICE FACILITIES AND PERSOMNEL (Contimusd)

dstrict, The bullding, including a gerage in the rear, is one story
emprising spproximately 2100 square fest of ofiice space and 2700 square
Lest of garegs spece, The front entrance is on a main thoroughfare and
a 20foot alley alang ons side provides ready ascess to the garage in the

by % o

The space vas ccswpied 1§ Oatedsr 1752, ab which iims the LEMOTATy quAr-
tars iy the Andrus Beiiding at 512 Koollet Avenns were ViZstad, Shortly
uf+az cooupansy the osed for partitions was establisied, Tiwse pasride
4isng were for the purpose of providing « "Glosed Area®, & Labksmtory Lo
preparding and mounting filters, a darianad reva for niémp_gpic examinge
tisn of £iltazs, and & eertain dagres of privacy, Thase partitions were
somplated during Descexmber 1552, In November a facility check was nade
by Mo, Gllbert Ward, Security (fficer, Citleago Chexiosl Proouresent Die-
triet, and clearancs has been requssted for ths handline and storage of

documents olassified *Secret®,

Figure IIe) is a floor plan of the Mirmsapolis Field Cffiee, (ffice
space is provided for the Assistant Prejset Englnaser, the Chief of Tra-
cer Teats, the Chief of Matsorelogical Svrvey=. and the Office Mansger,
fipaco for the Offiece Manager is adjacent to ‘ke f:nt door in order %o
accspt delivery of mall and supplies, control admiitancs of visiters and

1imit entrancs to the "QOlesad Area® 1o those dersons having proper

Pege 10
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II. FIELD CFFI0R PACILITTE® AND PRRSONEL (Continusd)
% dlearance to this ares, Secrstarial space is provided adjacsnt to the
‘ Qffice kanager and secretarial work of s classifiad nature is performsd
‘ witiin the ®Q0losed Area®,

A
3
3
4
3
§
j<

3ntrance to the ROlosed Avaall is by g aingls door from the (ffice Mane-
gor's office, The arss coupfisu space for draftding and eomputdng of
i elassificd dats, and offices for the Assistant Project Englrser, the
f} (et of Tracer Tests, und ie Chis? of Metsorelegieal Surveys, Classi-

l
g | 210y docwsents ave 2180 stored and handled in the WClosed Area®, Use
, ‘} elansified computations arp performsd in an spn ra ad;jacen‘u'to the
i | frout door, Unelassified drafting and date salysis may alss be dore
L | in trs area,

Imsdlately behind the “epen" Cumputing Arsa are the Labcratory and the
| Counting Room, The Laboratory is to be used for mounting filters in
! £iltsr holders in preparaiion for tracer tests and for mounting used
} f1ltars on slidas for mioroscoplc examination, A workbensh is provided

L for performing this work and ahelves are providad for storage of malere
ials and supplies, The Counting Room is sn3losed to permlit microsceplc

s Rl RIS REEE | ARG R s

\

|
gxanination of filters undar very oubduad lighting eenditlons, 8¢ that |

| alrborne dust particles can be kept 4o a minimum, the Counting Room is |
| ventilated by a fan in the ceiling and an air filter in the door. Ap- f

. SECRET N
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| II. FIELD CFFICE FACILITIES AND PERSONNEL (Contdnued)

i proximately &6 Linaal fest of banch spaca is available for mounting of
|

[ ricrogeopes and ultraviolet illumingtors; above the benchas are shelves

| for storing filters already examined or to be examined, Additionsl
‘] 3helf spacs ias available for storage of UV limps and other supplies,
‘w

large quantities of mateorclegical instpuments and tracer test equipe i
MU must be stored betwsan tests, chsuad oub before tests, and re-

\

|

\

\

| turned to storage aiter tests, Spacs for theme sparations is provided

|

L in 4 ecage in tMy garage, A loading dock betwesn ilie lnstrmentestsrage ~
i

|

cage and the alley permits & rapid transfer cf equipmsnt to automobiles j
| for 184 in the field, Maintensnse and repalr of equipmani is also mndare
taken in the 6age,

| cloged space is providad in a cormer of the garage for storing and charge
ing wp to 150 batteries to be used in samplars, Two battery chargars of

|
‘ Bacsuse corrcsive fumes svolve widlle batteries are being charged, an en~
|
/
|

empls eapacity with auitable busbars and conmsctors for rapid and simple !
attechment to the batteries are located adjassnt to the betiery storage
room, Qutside ventilation will keep the concentraticn of corrosive w

kot S B I Dl By R"‘Mﬂﬁ“ﬁ%w DR bl b 05 M e i A T

vapors to a reasonable value,

The remalning garage spacs 1z adequate for the storage of & small mumber
of vehicles and for the car-n:unting of meteorological lnstmments nrior

to meteorclogical aurvays,

!
!
\
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II. FIXLD OFFICE FACILITIES AND PERSOMYEL (Contirmued)

Contamination of the office space, equiprment and awplies with fluores-
cent pewder might result in inaccurate date from tracer tests, To minda
mige this possibility, the fluorescent material and the &spersing units
are storsd at a locatlon nsar the University of Minnesota, which is
several miles from tha fisld office,

2. 8%, Louls

8te louls opsrations are to bs confined to meteorclogical survery and
tracer tests, and no redwstden of data or sterage of restwd: is planned
for this areun, Tosrefors, ths requiraments for faci.itdes in St, Iciuis
are limited tc & small offies and to some garags space whers injtrmants
may bs mounted on automobiles, Such spacs, consisting ¢f about 300 squars
feet was leased at 5585 Pershing, St. louls, and oscupied 3 Decamber 1952,
Additlonal garage space can be obtained for short dureilon as diraum-

stanses warrant,

Co TFIELD QFFICE PERSONEL

43 gstated previously, the objective of the field offic: is to rlan, pre=
pare for, and conduct field tusts, to secure, anslyze, and reduce field
date, and 4o perform appropriate adminletrative duties. As a subordinatas
vet integral part of the organigation, the offie2 muct funation efficlient-
1y with a minimum of swpervision while maintaining liaison in the field
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II, FIELD GFFICE FACILITIES AND PERSCMNEL (Continued)
with other groups participating in the project,

To satisfy such organlzational requiremants, the Assistant Projest En=-
ginesr is responsible for all field office opsrations, His authority

and responsibilitles inelude those functionsa direetly related to secur-
ing the necessary date and results, maintenance of the field office, com-
plldanse with security regzulations, maintenante of favorable relations

with sivie authorities and ths general public in arsas of fisld tests

and the performanse of such administrative dutlies gs are required, Some
portions of his responsibilities ars delesgated to his ataff for the pure
pose of lnereasing tho efficiency of the speration, but the eoordimation
of thage activities is a responsibility of the Assiatant Project Enginaer,

Thers are two genersl olasses of test data to be obtalned from the fleld
cperations: first, those date portalning directly to tracer tests to da-
termine travel and concentration of airborne particles, and, second,
those data providing information on mesomateocrological conditlons which
influence the motion «f alrborne particles, The Cliisf of Tracer Tests

18 responsible for datae eoncerning travsl and concentration of alrborne
particles, He plans the tests, supervises the redustion and presentation
of data and mainiuins records yperiinent to his operations, He is as-
sisted by a Field Foreman, who supervises the placement and operation of

samplers, checks out equipment belore tests and cheeks it in afier tests,

SECRET
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II, FIELD QFFICE FACILITIES AND PERSONMNEL (Contimued)

and dslivers to the Chief of Tracer Tests the filters and drmm tapes on
which the fluorescent particles have teen collacted, He also submits
recorda nacessary to ldentlfy the filters and data required for analysis
of test results,

Redustlon of field test dzta from tracer tests is dons by microscopic
sxamiration of the filters undsr ultraviolet illumirstion, Two fulla
time Laboratory Teshnlelans supsrvise this eperation, as well as the
preparatlon of filters for fleld tests ard the mﬁintenance of rogords,
They are responalble to *ths Chief of Tracer Tests,

Mesometesrological éurvays aré sonducted on a contlmilrg basls to proviae
informatdon on those factors which influsnse aerssol travel and diffusion,
Detailed meteorologlcal data ara also ftaken at ithe time and in the imme-
Hate vicindty of a tracer test, These surveys are condusted by & grow
under the direction o¢f tha Chief of the Meteorologleal Divieion, He is
agaisted by a Meteorologlst who aselsts in analysis of the data, in in=
terpretation of results and in presenzstion of the results in usabls

form, A Fleld Foreman asaigned to this growr supervises the work of the
meteorologlcal survey arews, who obtaln the basic field date from which

the results are caleulated and analyzed.

The computation of results from fleld data 1s supervised by the Chiaf

)

Yv)
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11, OFFICE FACILITIES AND PERSONMNEL (Gontinued)
Draftsman, whose other duties include preparation of maps and graphs for

presentation of the reduced data.

Maintenance, repair, and storage of the equipment used are important

items in the operation of the field office, These duties are performed
by a full-time Instrument man, He was prepared 'oo’ some extent for these
duties when he assisted in the design and fabrication of many of the in-

struments he is required to maintain,

Since it is planned that meteorological surveys will be conducted in
Ste Louls simultaneously with those in Minneapolis, a full-time Fleld
Foreman has been assigned the responsibility for conducting these oper-

atlions,

In addition to the duties directly concerned with obtaining and redueing
data, there are certain administrative functions toc be performed, These
include the maintenance of personnel and time records, purchase and re-

ceipt of materials and supplles, and the hiring and assigmment of part-

time workers, These duties are performed by a full-time Office Manager,
He is assisted by a full-time Stenographer who also does the stenogra-

phic work required by the Assistant Project Engineer or his staff,

The thirteen full-time persomnel whose duties are described above are

currently engaged in thelr allotted functions, Most of them have
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II, FIRLD OFFICE FACTIITIRS AND PERSONNEL (Contdnued)

received Secret clearance, and such clearanse has heen requested for the

dther,

In addition to the full-time persennsl, approximately sixty=iwe parte-

time perscnnel in Minnaspolia and thirty-two parte=time personnsl in

8te louls have been hired, They serve as fiseld craws for tha mateoro-
logical surveys and the tracer tests, They are also used in the laboera-
tory to prepars filters and tapes for use in the field and fer
microscopic examination, Their dutisc also inaludecounting of partdeles

} and computation of test resw'ts, As nesdsd, thay also azsist in prepare
g | ation of maps and graphs and in the maintenance and repair of squipmant,
N Since their duties do not require Secret clearance, nons has been rew

questsd for theam, They are Leing granted Confidamtial elsaranca or tne

basls of TeS, birth and execution of the Security, 3Zsplonazge and Censor-

esvw g

ship Aclmowledgemante

A2 of 31 December 1952, full-tims psersonnel in the field office worksd a

total of 602L hours, and partetime perscnnel; 3512 hours, 4s the field
teste increase in scope and magnituds, the tire worked by partetime pers

sonnal will exceed that of the full-time personnel,
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ITI. INSTRUMENTATION e ——

A, PROGRESS

1, General
During the current period, considerable progress was mide in the design,
production, and use of certain meteorological insi;tmnnts. Instances of
that progress are given in detailed descriptions of the Wind Direction
Recorder and the Aspirated Thermlstor Air Temperature Indlcator, respec-
) tively in B and € of the present sectlon,

With the inception of the field test program in Minneapolis and St. Louls,
a re-evaluation of the original instrumentation goals has become neces-
sary, applying to both sampling equipment and meteorological instruments,
For example, it has been found that more mesometeorological instpuments
are required than originally estimated, The following factors are re-
sponsible for the additional requirements:.

(a) The increased number of traverse routes necessary tc provide an
adequate density of reading points over the large area, such
density to be comparable to that for Califorria cities covered
by the Stanford projects

(b) For a given traverse time the shorter routes per instrument as
caused by slow travel in a heavily urbanized distriect, particu-
larly under adverse weather conditions not normally encountered
in Californiag
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III. INSTRUMENTATION (Continued)
(¢} The decreasasin allowable out-of-serrice time per instrument
because of the revised plans for additional tasts per week,

Sueh physiecal factors as the type of paving genarally found in the test
araas have contributed to further changes, In the case of Mirnneapolls,
vhers many tamparature traverses are mads by automobile over rough-
surfaced briclk or cobblestone atrsets, tha original aspirator design
falled to withstand the shooks and therefors has heen replaced with e
stronger modal, The problem of inereasing the mmber of mateorologieal
and sarpling instruments, as dessribed velow, has thus been complleated
in some instances by the nesd to moedify their structural design,

2, Matsorologieal
In the following tahle are liated ths quantitise of instruments oriw

ginally estimated for the program and the quantities praesently re-

quirsd,
Orliginal Present
Iten Estinate Estinate
Portzble Wind Direction Recordars T g 5
Asplrated Thermistor Alr Temperature Indieators é 16
Bead-type Thermistor Wiresonde Temperature Equiprant L N
wind Velocity Measurement Devices 5 10
Burface Temperatiure Devicaes 2 2
Relative Humidity Duvices g S
Portable Wind Velocity Recordsrs 1 i
Page 20
SECRET

SECURITY INEQRHAT I ON

e o e ey R

L Bt L Rk o A8 0D

o g




~-

X ﬂmmv"ﬂmm oho I P Y e
!

!

e

&3

1

=== o —— ———r

SECRET

SECURTY INESRMATION

I7I, INSTRUMENTATION (Continued)

ALl of the instruments listad above were dsliversd to the field on

1 January 15953 except for six of the aspireted thermistor air tempera-
ture indleaters, the four wiresonds bridges, and the windevelocity
recordsrs, As of 1 January 1953, thess bridges were almost 75 per cent
complets and are schaduled for ocmpletion on or befors ) Fabruary, as
are the slx additional asplrated thermistor alr temperatures indiecators,
The only item yet to e dsveloped 1s the permanent wind=-valoslty ree
cordlng unit, A prototyps, utilizing a sirgle EsterlinesAngus instrue
BENV t0 record both wind direstics and wind velocity, has been sorpleted
by the Stanford projesty if it proves satlsfactory in field tests,
several models will be bullt for use in Minnespolis and 8%, Louils, The
thermal anemometer types of equlpment menitioned in Joint Quamterly Raport
No. L has been received and tested by personnel at Stanford Universiiy;
though satisfactory for certaln specialized metesrologieal work, it has
viot been considared a nacessary Lool [or the contemplated mesometeoro=-

woglecal surveys,

3, Sampling and Analytical
Iisved below are the iltems required in the sampling and analytical phase

of the instrumentatlen program.
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III, INSTRUMBNTATION (Continmuaed) f
Saxpling Fresent Bstimats
Hembrare Filter Saxplers Boo o a180% % 4 v E
Pllter Holders 600
Drum Sampling Units 25 o
! Disparsal Umlts with g
! dutoatic Fead Davieas ‘
dnalytiesl g
Drix Sampler Qounting Miorossopes 2
Mapbrans Filtar Counting Microscopes 5 .
Calibrated Eﬂpiwaat 17 : é
- UV Illurinators Ly ;5
‘i T Maintensnce Ltens

‘ 8,2, Battery Ohangews

|

’ AS in the case of the matsorovlogical equipment, further familiarity
’ with the test program has dictated soms incrsass in the required
quantities of sempling equipment, The membrane filter samplers, for
sxample, have been increased from 75 to 150, imcluding 25 additional
gampling 'nits to be used as basic pumping units for the 25 drum=-

| sampling vnits, In each of tha membrane filtar sampler: four of tha
negnsticetyps filter holders have been includsd as an integral part,

The produwnstdinan cnd delivery of equipmern® are nearly completa, A4ll

Page 22
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ITI, INSTOMEMDATION (Centinued)

filter samplers have beern shipped to the test sites, Shipment of the
firsh drumesampling units is scheduled on or ahout 15 February 1933, the
rt;n.a.:Ln:Lng 2L units to bs completed within 30 days of that time. The
first dlapersal unit is now completsd, and the zecond is sahieduled for
completion by L Masch, ALl accessory devices and anslytical equipment
required for the sampling progrsm have besn dalivered to Minneapolis exe
cept for the two spscial dmmesarpler counting misrescespes, which wiil
be daliverad with the dmm sasplers themsslvas,

Becaulis no fulleseala trassr tasts sars completsd duting the eurrant
pariod, little information is aveilable on the performance of ths sarfe
pling equipmant, Preliminury field teats have indicated that the aquipe
w3t will perform according to specification and will “herefors reguire
no substantdal modificaidona,

B, PORTABLE WIND DIRECTION RECORIZR

l, BRaquiremants and Features
In the prasent test program, representative wind directions ars re-
quired at many points in the area under examination, It would not be
practdeal to establish 2u-hour recording stations at all these points,
for in mary cases records lasting from 15 minutes t¢ several hours will
furnieh ths required data, When records from amy aingle point might be

influsnced by highly localized poaitions, it is desirable to move the
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III., IISTRMENTATION (Continuad)
wind directlion atation quiekly from plaes to place, and thus obtain a
better sampling of the general tendsney of the wind ovar a given area,

The resulting data can be used before a test to select the most faverable
array for the dlspersar and sampler locations, to detsrmine the relatione
ship betwssn the local eir ourrants and tihe records from pesrmansnt wind
direction stations, tc study the affect of temperatura distribution on
local aly drifts, and to aid tha intarpretation of the sampling results,
Instantanscus coservetions of wind direotion, espesialiy at low wind
speads, ars of Liwitgd valus in ascomplishing the above purposes, Ths
wind direstion changes basck and forth continually and may also show pro=

grassive drift which will rendsr diffieult the cemparison of later obser-

vations with earlier enes in the daterminatlion of lecal affasats,

The desired acouracy in measuring wind azimuth is on the ordsr of ¢ 3°,
since the rate of spread of a ecloud with downind iravel may be az little
as 15°, This requirement may be imprastical to meet on acoount of the
variability of wind directicn with time and plasce, but the insirumental
accuracy should not te the Mimiting factor, and a figure of ¢ 3° is

therefore set as the dasived instrummnial accuracy,

In view of the above discusslon, the required facilities for measwring

wind direction inslude four portable continuoualy recording wind direoction
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IIT. INSTRUMBNTATION (Continued)

units, provided wivih light and responsive wind vanes capable of being
mounted elther on top of a car er on a light, quieckly set up mast, The
msjor seations of each wind directien racordsr, as dsscrived helow, are:
the Wind Vans Unit, the Comversion Unit, and an Esterlinse=Angus Model AW
Graphic Recording Milliammster, rangs Oel milliampsres, These thrae
units ars shown in Flgurs III-1, and the installation of the umit in &
ear is shown in Figura IITe2,

24 Wind Vane Tnib
From the semi.schamatia disgram of the electrical sirowlt (Rig. IIl-3),
1t 1= sean that thne azimuth or ths wind determinas the position of the
retating contact of a 360° (mormal) continuously rotatable potenticmster,
and that the voltage between one of the fixaed ends of tha potentlomstsr
winding and the rotatlng contaet daflests the recordlng millianmster by
an amount whieh should be propertionsal to the angular position of the

alldes,

Ths wind vane consists of a light balszewood alr foil 3 inchas by §
ineches, Iirmly attachsd to a l2«inch length\of‘l/B-inch aluninum tubing
fitted wivh & counterweight and attached at the balance-puint w a
croszplece mounted on a 1/f8=inch vertical steel shaft, This shaft ro=
tates 1in two precislon vall bearings held in the wind vana column and

coupled to the potentiometer shaft,
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I, INSTRUMEMTATION (Centimied)
The potenticmsier is & 250 ohm Merotorque Type 9 (Q, M, Giennint Co.,:

Pesadana, Jslifornia), which is fitted with jewsled bearings and has tho
, precision resistanse windlngs and the rotating contact constructed of h
platinm alloy wirs, By this arrangement, an accuracy of ¢ 0,5% or bet-
ter is obtained witk only 008 incheounces of torque required for turning
the shaft, When the sliding contaot passes across the fixed ends of the
pctantiomater windlngs (A in Fig, IIl.3), & heavy ciroult currant might ~|
i Aflaw, ruining the eontast, wmless a mmall gap wars lsfi in the windings,
‘ This gy amounting to 6° or less, lsaves & corprasponding Ydead space*
1
!
|
|

in ths potsnticmatar indication, but sines tils ean be distributed on | i
slther slda of the trus zero position, tha error at ths extreme positions i |

ﬁ is only ¢ 3%, and not sericus,

’ 3 Convarsion Urdt j
| The Conversion Unit furnishes a Oel milliswpere current to the recording {
mater in response to the positica of the rotating contact, It contains
f a Lel/2 volt battery (Burgess No. 2370 or equivalent), a voltags sensie

tivity adjusting rheostat (P.3 of Pig, 1II=3), the proper control switches,

; and the keep=alive, The function of the latter is 1o impress a small

\

i symmtrical S-oycie alternating currsnt across the terminals of the B-4
H recording meter as an addition to the potenviomater signal, This im-

pressed alternating cwizant doss not affect the trus reading of the
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TIT, INSTROMEWMATION (Continued)

meter, tut merely serves to give the pen a slight oscilleting motlon
whieh reduces the effsects of pen-friction and thus causes the pen trace
to follew mors faithfully the waristions in wind azimuth, The keepe
alive is indicatsd in Figuro IIle3 only as a block, since the clroult
detalls are not dlractly concernsd with the main recording procass,

The £ull 360° aszimuth range of the wind vane is made to corraspond ex=
aotly 40 & fullescsle daflection of the meter by the adjustmant of the
potentiomster current to such & velus that when the potating contaet is
&t ths extrems wpar snd 5f the potentiometar lead (marked O in Fig,
ITT-3), the meter maads fallesecls, This correspongance is accorplished,
without the necessity of rotating the wind vane, by turning 8w, to the
adjust position and then adjusting 9.3 8o that the matsr rsads fall
seals, Whan this adjustmenb has baen mads, each possibls positlon of
the pen trace corresponds to one orientation of the wina vane, axcept
that an the petentiometser contact passes across the gsp betwssn the
onds of the resistance windings, the pen *race sweeps completaly across

the chart,

Ae sean from the illustration of a typiocal record chart (Fig, ITI=L), if
the operator selects North to bs represented by 2 line in the ssnter of
the chart, the two extreme edges of the chart must both be labeled South,

with West and Bast represented respesotively by quarter-scele and three-
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III. INSTRUMENTATION (Contirmed)
quarter scals positions, In thia case South, the orientation of the
wind vene when the potentiometer contact moves acrosa the gap, is re=

forzed to as tha “anomalous position®,

When the wind direction varies rapldly acrose the anomalous pesition,
the :ster pen sweeps conidmually back and forth across the chart,
ylelddng a »ecord whioch is diffiocult to raad, Therefore, it is cus-
tomary to aelact an orientation of the windevane potantiomster heusing
which will cause the anomalous position te cerrespond to the laast
iikely wind direstion.

The voltage of battary B varies from 4,68 volts for a new battery te
aboat 343 Volts when the battery ia :w longer sarvicsable, The current
drain cemprises one milliampere for the keep-alive and an average of 16
milliampares for the windevans potentiomster, Asswming the nominal life
of four ampare hours for the battery, we may expect a useful life of
about 200 hours, At ambient temperatures below 25°F, the battery volte
age will drop below a usable valus befors its rated ampere-hour life is
exhausted, In pracilce, the full-scale adjusiment by means of Swy-and
Rj mat be madp often encugh to compensats for the gradval deorease and

recovery in battery veltage as the agqilpment is swlitohad on and off

(3"’1_)0

Page 28

SECRET




L T e e e —— — £ ) o ek SR W ORI | I YL e I YR P | T [

SECRET

SECURITY INBQRMATION

III. IMSTHUMENTATION (Contirmued)

Although a graater battery capaclty would reduce the amount of attention
required to inuvure fullasecale adjustment at all times, the battery ems
ployed in the Control Umit allows this wnit to be made small enough to
be bolted direstly on the slids of the B-A rater, and the mumbar of come
ponents to be earried separatelv is thus reduced, A pair of leads cone
nacts the Control Umlt to the mater terminals, and a L5=foot thresswire
insulated cable, fitted with plugs at both ends, conneets the Wind Vane
Unlt to the Oomtrol Unit,

Le Recording Milliemmater Unit
The funetion of ks springewound Esterline-ingus Cel milliampare records
ing metar has glready bean daseribed in the previous sections, The inke
fod pen travels aoross a lel/2 inch ehart which ean be driven at
goveraor-contralled spasds of 3/L, 1lal/2, 3, or € inches per minuis
(with 2 hours! mmning time without rewinding) or at clockworkesentrolled
speeds of 3/L, 1-1/2, 3, &, or )2 inches per hour (8 days' running time),

In the eircult undar discussion, the tesponse time of the heavily bullt
Dl'Arsonval reter movement, wnish drives the pen, is on the order of

1-1/2 seconds for a 99% complete rasponse and the pen does not avershoot.
This speed of response is sufficiently fast to enable a qualitative
visual estimate of the steadiness of the wind and of the sherteperied
extremes in the variaiion of wind direction during the recording period.
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IIZ, IMBTRUMBRTATION (Continued)

Iin additdon o the recording pen, aach instrument is equipped with two
chronogiaph pans writing in the margin on elihsr sids of the chart=space,
These pans leave & straight ink line exsept when the panesclancids are
snargised electrdieslly (6V at 0,854); the line i thanhdiaplncod 1/8
inesh toward ths edge, In this way it is possible {0 record timing calie
byrationn or other time phsnomena in synchromism with tha suwln record,

AY present it 18 planned to utilisge thcéo pans to register elsetrical
pulsas from & 3«6p ansmomater, and thersts to record on ons seter both
wind spead frd wind drsetion,

5, Calibration and Ascurasy
A dipest measuremant of the electrieal acturacy of the system desciibed
wai mads by fitiding a rumbar of windsvans potentiomsters with a pointer
and mounting them in the exact center of a 3560° protracter, The metar
indication was than followsd 28 a funetdon of ths oriantation of the poe
tenticneter shaft, Flgure III=5 shows the error curve thus obtained,
1,64, the diffarence between the indicatsed angle and the trus angle,
This curve was obtained with the meter sensitivity properly adjusted
by means of Sw, and ’1-L33 the angles were road off with respect to the
protmactor setting whnish produced a reading at center of the chart
scals, This settlng is called ths "reference sebtting®, and is approxie
rataly 180° fpem the anomalous position.

Page 30

SECRET




5 WL X © W - e - e, Y T 1 o ———— L Ry,

e —— 2 e 4_____\___#:.__“__?-_-_.
SECRET

SECURITY INFORRATION

IO, DBTRMENTATION (Contdmad)

The referance 3stting will not correspend to the exact elsctrical sanier
of ithe resistante winding becauss tha meter draws & surrent vhich is an
appraciabls fraction of the potentlcmeter current, With the waluss
glven, it is caloulated that the potenticmetss will bs ast at 185° rotee

tion instead of 180°; at meter readings greater or less than ths senter
posltion, this disparity will be radutad, becoming sero at elther extrams
settings The maximum error found in the direot calibratisn by means of
the protractor is lass than 3%, thus indleating that the §° clscrepansy
calowluted above 18 partially compansated by the &° gap in tha potentios
mater wimtng,

A 60adivision ohart paper is used, witleh can easily be read to ths nsarast
1/2 division or 3° asimuth, This reading would be & 1ittle more exact
than the rated minimum ascuracy of the meter (given as ¢ 1% by the manue

facturer), but tasts show that the aceuracy of thae metars whan they are }
used with a keepealive tends more nearly to correspond to 1/l pather

than 1/2 chart divisien, !
|
In addition to errors produssd by electricel inaceouracies, there will be |

ing and (b) the lack of parallalism between the wiad vane axis and the

|

mainly those produced by (a) the orientation of the potentiometer hous- J]
|

true wind dlrection, :
|

|
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IITl.s INBTRUMBNTATION (Contimuad)

The error produced by (a) ocours in the process of setiing up the winde
direction equipment at a new location, In normal proesdure, after the
vans-rounting rcd has been loosely olamped in its holdsr, the iind vane
is turnsd relative to the potentiometer housing until the meter indi-
cates halfaseale; this position, designated above as the referencs
satting, can be indleated by vartical seratches on the fixad wind=vans
column and on the roiating dust cover attached to the oressplece, While
the wind vans is kept at the referenss setiing, the entire wind vane
it is pototing in the holdar by which it is fastensd until the vane
polnts in the drsstlon chosan to bs reprefentud by the raferencs satw
ting, and the elamp is then tightensd, The error introduced by this
proocadurs will ba datermined by the acouracy with which the wind vane
can be sightsd sn & referencs polnt having the desired agimuth, and,

of course, will ineluds the uncertalnty in determdning that azimuth,

I & ¢ompase ls erployed; errors may ba caused by stray magnetioc

fields such as thoss naxt to steel car-bodies, near dirsctecwrrent

strestcar lines, or in the vieinlty of stesl buildings,

With oare, it is possible %o orient the wind vans to the nearest ds-
gres, and an accuracy of ¢ 5° should be easy to obtain evern when time
is short,

The arror (b), arising from lack of parallelisnm betwsen the wind vane
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ITI, INSTRUMENTATION (Continued)

a3 and the true wind direetion, is mors difficult to evaluate, No
dirsot tests, such as windeturmel testa, have been mads, A lack of bl-
lateral symmetry ia the handemade wind vanes could eonceivebly produce
an error of severel degrees, and if the wind vane is mounted on a

parked 9er the lecal turbulence and distorted streamlinss will wndoubbeds

1y have an effect, as will the canting of the ear shen not parked on
level ground,

The total effect of all the varisus errors ancountersd in the field uss
of the Wind Direation Hecorder is difficult to estimate, sings it das
pends so mush on the partdeilar circumstances, It is probable that une
der the best conditions the maximum erzor will amcunt to some 3 3° and
that equipmant when uedAcvalrcutim operations in citdes will indicate
the mean air-drift in the vicinity of the wind vane within » 10°,

$, Field Performance
To date no adverse comments on the field performance of the Wind Direc-
tion Regorder have been received, OSeversl wmits, each with its shotke
mounted recordlng meter attachsad to the floor of the car, have been
cperatad at outdoor temperatures down to ~10°F, The raference setiing
of the wind vanes was orientad sleng the axis ¢f the car; aad the late

ter was parked parallel to northesouth or eastewsst mmning sireets,
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IIT, INBTRUMENTATION (Continued)

This procedure enabled rapid coverage of a succession of locations in

the arsa undsr axearination and has ylelded useful data of the required
types Thus, the equipment deseribved above has met the requiremants cf

the presert fleld test program,

¢. ASPIRATFD THEMISTOR AIR TEMPERATURE INDICATOR

l. Requirements and Features
The aspirated alretermperatura thermistor is intendsd chiafly as a means
ol obtalning the airetamperature dstribution patiern over areas as
large as 2everal square miles, 8&ince the alr temperature 1s constantly
changing with tims and ean usually be expected to vary locally from the
mean horisontal trend, the squipment must enable a rapld coverage of &
large mumber of points, When the terperature distributien over & large
ety is to bo studied, 1t has besn found most efficient to have & numa
ber of automobiles operating at once over predetermined routes, so that
the data for the entire isotherm map can be taken over the eourse of an

hour or =0,

The above requirements suvggest that the alretemperature sensing elament
amployed should have a rapld respense;, that it sheuld indleate uy a
direct deflection method rather than by the slower nulle-adjustment

method, and that the indlcating elamant should be capabls of belng reat
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while the vehials containing the equipment is in motion at normal road
speeds, Moreover, since a mmber of lnstruments ase to be simultans-
ously employed, the cost of each should not be excessive, ths installa-
tlen of the equipment in an ordinary passenger car should not exclude
that vehisle from its normal use, and the data resulting from these
temperature traverses should not requirs excesaive treatment before
they can bs prosanted in their final form.

Instrumarts olosaly fulfilling the above requirenants have besn previouse
1y used ot Stanford Umiversity (8Q1 L$C=4)s These emplsyed the Westarn
Rectric lleB thermistor as the temperatiure-sensing slement, connected
to & Wheatstons bridge with a Weston Modsl 30L 0=50 microsmmeter as the
unbalance indieator, This indleating meter was selected as the most
sansitive meter that should be saployed in this type of service, sinece
& more sensitive ons would be vulnsrabls to mechanical shoaks and would
require a tteadier reading platform than that furnished Yy & moving car,
Two ¢onolusions may be drawn from the extensive use whish Stanford pere
sornel have mide of thermistor temperature elemanta for over a year:

(1) the operation of these slemente with thelr sssociatsd sguipment in
reliable car-mounted measuring equipment is amply justified; (2) othex
tamperavure=sansing elements such af wireswound resistanse thermometers,

thermocouples, bimetal thermomsters, and liquideexpanaion thermometsrs
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IIT, INSTRUMENTATION (Continusd)

do not appear t¢ offer the same advantages,

The bridges dsseribed below were dasigred to cover a wider span of air
teEpsratures than the span esnsidered suffiocient for use resar Stanford,
The extended span consists of eight rangess =40° to «15°F, «20° to
$°F, 0° to 25°, 20° to 38°, 2° to §5°, 30° to 75°, 70° o $5°, and
$0° to 115°F, The tasmeraturs cosfficient of the 1lleB tharmistor re=
sissanse is such that with two theymistcora connscted in parallel and
with the bridge currant kept low ensugh to prevart an exssssive 12R
taporaturs riss of the thermistor elemanis, & 1°F change in air t ol
peraturs can bs made to produce a & microampere changs in the bridge-
wbalange meter reading, This sensiiivity allows the desired 25°7

esverage for each range,

The pireieal appearance of ths )l=B thermistors may be inferred from
Pigure IIT«6, whizh shows a matshed pair with the lsads connscted in
parallel to the insulated flexible pighails and held in a 5/8 iuch
diameter lucite cylinder £illed with insula*ing watereproof potilng
sompound, The sensitive portion of each thermistor consiasta of a
1/16 ineh dlameter glebule of samiaconductor, & mixture of heavy me-
talliec oxides, into whish are fused two fine platinum wires which in
turn ave welded to somewhat heavier glaseosesling alloy wires, The

globules and leads are fused into & glass tube about 2 1/2 Lnches long,
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II1I, INSTRUMENTATION (Contimued)
vith the uninsulatad leads extending another 2 1/2 inches for maiking

connsctlions,

After potting, the thermistorepalr tempsraturs elamant is moisture-
proof and has a resistance of about 1000 ohms at 70°F and 10,000 ohms
at 0°P, The response tc rapid temparature changes is much faster than
thut of & Rercury thermmomstar by virtus of the smaller mass and dig-
satar of the sensitive portion of the thermistors, To Llnorease the
apaed of rewponss, and to protast the hlack thermistor globules from
gain of heat by eslar padiation or loas of heat by radiation to the
cold rlght sky, the teperature elaments are inatalled in dsuble
wolled nickeled brass tubes, through which a propsr rate of sspira-
tion is maintyined,

2, DBridge Circult 7
Although the resistance of the thermisior temperature element is far
from a linear funstion of temperature, it hau bezin possible to select
such valuws for the resistors Rys Rpy By Byy Ry, and Bg in the simplie
fied bridge circult shown in Figure III=7 that at a specifis temperature
ML resds gero miercamperes, ML reads exactly 50 microamperes at a tem-
parature 25,0°F above this specified temperature, and over the micdla
ranzas of outdoor temperatures, intermsdiate metsr readings correspond
point for point within ¢ 0,2°F to the intermediate temperatures,
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III, INSTRUMENTATION (Continusd)

The purpose of R.p, Ry, and M2 is to insure that the current through x
and the rest of the tridge may be kent constant despite gradual changes
in the veltage of battery B, which would of sourse affeet the indica-
tion (othar than gero) of ML, This ourrent constancy is maintainsd by
adjustment of tha rhecatat p‘adJ gs0 that M2 always shows a chosen cone
stant Jeflectdon, usually LS microamperes, R, is selected so that M
and M2, at about 70°F air and instmment temperaturs, are fed through
sidlar nstwvork reslstances and soms measure of temparature compensa-
tden Ls thus obtained; that is, if the bridge 1s salibrated at mom
temparature by immarsing the thermistors in a water bath, this calibraa
tion will tend to bs valid at other instmment temperatures by virtue
af the fact that amy temperature change afiecting ML will in nearly
Jdke mannar also affect M2, For example, 1f the sensitivity of M2 de-
ereases slightly, & higher bridge current wlll be required to produce
the ctandard deflestion on M2, and this higher bridge current will
Just compenzate for the concomlitant decrease in gensitivitr of ML, In
many instances, of course, the lnatrument temusrzture will be nsarer
to the outdeor alr terperature which is belng measwed than it will be

ts the laboratory temperature at which it was calibrated,

The actual brldge clreult, shown in schematic form in Figure IIIa8,

differs fram the simplified eircult in that the switching system pro~
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vides for eight 25°F ranges, covering the entlre intervel from -L0°F
to ¢115"F with overlaps of S°F or more, AlSo, & single 0=-350 micro-
ampere mehar 13 used for both ML and M2, this meter being readily
switehed [rem ons eiroult to the other, Provision is also made for
shyrt=clrouiting the meter whan tho battary switoh is in the "off" po-
gltlon, thus reterding the swing of the moving coil and poimter and
thareby reducing unnecassary wear on the meter pivots when the instrue
ment 1s carried about,

The complete assambly of bridge components, lneluding the meter, is
mounted in a metal box which 1s fastened to a clipboard that ¢an be
conveidently held ln the lap, and provision is made for illwrinating
both the mater and the data sheets when tha bridge is usad at rdght,
The twoe=conductor line whiech connscts the bridge to the thermistor
Lemperalure elemani, for wnlch purpoSe & two=proig plug &nd ain equlve
alent zalr of nding posts are provided,; snould be less than 1 ohm in
resistance and should have a leakage resisianze of more than 20 megohms

if the ececuracy of the measurement 12 not to be impalred,

3s Automobile Thermistor Mounting
The thermistor temperature=-sensing element is mounted avout five fest
2beove the trailer niftch which is gesured to the front bumper (Fig.

III-v). The temperature of the oncoming air which is drawn through
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the aspiratad housing is thus least affected by the forwardemoving car,
The rate of aspiration past the thermistors is always at least 8 mph,
and because of the resistance of the hlower squirrelesage this rate
does not inecrease proportionately to the forward spesd of the ecar,
Thersfore, cars travelling on the same route at differsnt speeds, or
even when parked, will still obtain eomparable tempsrature records, 2
long as ths tassel attashed to the aspirator head indleates that tha
wind is blowlng toward the radlator,

The thermistor alsmant is set far ancugh back in the protestive tube so
that only at sunset or sunrise will the sensitlve portion be heatad
dreetly by the sun's rays, and then only by headlng within 15° azimuih
of the sun's position, The protected positlon of the thermistor ele-
ment aleo reciices the chance that water splushes, inseets, or gravel
will strike the thermistors,

Ls Alroraft Thermistor Mounting
The selfeagpirated aireraft thermistor mcunting, illustrated in Figure
I1I=10, shlelds the thermistor against mest radiation effects, affords
sare mechanical protection, and forms a safe and rugged attachmant to
the plane, A twin-conductor lead connectis the thermirtor eleamenty,
which 13 similar to that used in ths automobile thermistor mountdlng, to

the brldge and clipboard uwdi held in the observer's lap, The observer
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must also be able tn recard the altitude, position, and time at which

the ‘emperature obssrvation is mads,

The most satlsfactory point of attashment varies with type of plane,

The mounting nay be bolted\to two padded pieces of plywood between which
two wing struts, a vertical and a diagonal, are clamped; alternatively
1t may be attached to a paddad base board which is bolted to the reef of
a eabin type of plane, In any case, the head of the mounting should be
oriented parallel to the slip stream, thers should be no sourse of
heatad alr ahead o¢f the elemant, the mounting should offer as littls
alreregistarvse as rossible, and utmost safety precautions must be obe
served to insure that the mounting 18 secure and that the plane iz not
structurally weakened,

When a simple tewperature-sensing elemsnt, such as a thernistor or ther=
mometer, 18 held in a strean of movinz alr, the squilibrium temperature
atialned by the element will always be higher than the true air temperae
ture, The necessary correctlon, which must be subtracted from the indi-
cated temperature, is a function of the size and shape of +the sensing
element, but depends mainly on tlie comprescion heating of the air as it
is brought to a standstill in the thin film of stagnant ailr imrediately
surrcunding the element, This heating varies as the square of the air

speed, and amounts in the ideal case %o 1,58°F at 100 mh, 1.L°F at 90 mph,

0

1}
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III, INSTRIMENTATIUN (Continued)

and U°F at 130 mph., In practice, it is found that about 60% of the
above flgures at all plane szltitudss is more nearly right, partly be=
cause there lo a backflew of heat by molscular condustion across the

stagnont layer o ths ¢coler moving alw,

For the purposes of the contemplatad alreraft temperature swuxveys,

where relative alr temperature is more impertant than absoluta alr tem=
peraturs, 1t 1s considsred satisfactory to malntain the plane spead at
100 + 5 mph, and o apply & corraction of =1,2°F to the indicated tem-
perature, This correction introduces an adiitiona). uncertalnty of per-
haps + 0,5°F in the absolute accuracy of the temparature recerds over
and above the uncertainty inherent in the thermistcor and bridge combinaa
tion, which is of the order of ¢ 0,3°F, This total unsertainty is small
encugh 10 allow good signiiicancas in the extension of ground and wire-
sonde terperature profilas wp to alreraft altitudes,

S« Calibration and Accuracy
tme of the greatest cisadvantages of the use of thermistors as tempera-
ture elemente lies in the faet thet each individual thermistor taken
from a growp received from the mamifacturer will have a different set of
terperatureeresistance characterigtics, 3IZxcept for a small percentage
¢l wiits, however, these characterlistics are repsatsble o vetter than

¢ 0.,1°F after followlng the nmanufactureris recommendation that the
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thermistor bs ammealed for 2l hours at a constant temperature somewhat
higher than the maximum temperaturs to which they will be subsequertly
exposed, and provided that the glass enclosing the leads has not been
cracked, Ths admittance of even small amounts of molsture into a
cracked seal will cwuse an erratic shunting affect on the total resis-
tance, At low temperatures when the resiatance is high, this shunting
effsct will rendsr the tharmistors unrsliablae,

When the temperaturseresistance characteristies are plottsd on a graph
in whieh the ordinates apa laid aff in terms of logloR and the abmclsass

_in terms of ;Q_L_f (where OR is the absolute tamparatire in dagrses Fahrens

heit), the egzgre‘;;sistanci function betwesn «l0°F and ¢120°F approsie
rates closely a straight line, and can be reprosentad with a precision
of ¢ 0.U°F over the wb lc ourve rrom =L0%F to 4120°F by straight lines
drawn betwean five calibration points spaced about 30°F apart, The ine
dividual thermistor curves usually lie nearly parallel tc each other,

and are displaced over a range of 4 3°F for equal resistances,

From the above set of calibration curves for a large group of thnermise
tors, a design mean ocurve mey be drawn, centered so that equal numbers
of thermistors with arpreximately uniform slopes are zbove and below
the design mean, This cwwve 15 used te ecalculate the values of ithe

bridge resistors raquired to make the scale as dirsitereading as
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possible (atarting from an evan temperature and eovering axuctly 25°r
for each range), and thess resistors, specified to 1/10% acowracy, are
ordared specially wounc with lowetemperaturescoafficient resistanca
vire, Sinse the temperature coefficlient of ths thermistor resistarce
is about 2,&% par P, a muxintained precision of 1/10% in the measure~
mants and spegifiestions corresponds to & precision of about 1/80°F
in the indvidual steps of the calibration nrocadurs,

The theymistor palrs ussd in the sansing elegents ars mads up from ome
thamuistor above the dsaign mean and the otlwr thaprmistse mﬂem
ampunt below if possible, The grouwp of palrs may bs furthar brought
towards idantiecal behavioer by the addition of small seriesetrimming re.
slstors and large shunteirirmuing resistors as raquired,

Reasidual daviatvloens from the dasign mean curve ameng the palrs ara come
pansated f£ar in the finsl correction eurve to be applied to the bridge
reading, This curve involves corrections seldcm exceeding + 0,5°F exa-
espt at the extrerw 25° ranges, This correstien curve is obtelned by
re=calibrating the thermistor paire at five tamperaturss, making another
log R agalnst _J;Oﬁ curve, and tebulating from this the sensing=element
rosistance at er.?'g'n 5°F temperaturs steps. These resistance veluss are
then succesgivaly set vp on a resista:nce box, applied to the bridge

with which it 1s intended to use the particular thermistor pair, and
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the ¢ifferance taken betwesn thea nominal even SOF temperature and the
bridge micrcammeter indlcation for that particular range,

The steady tarmeraturas requirsd for the nalibration peinte are obtained
in a water bath meintainsd at $5,0°P * 057 or 65,0°F ’ .OS°, an icee
vater equilidrium bath effectively at 32,0 ¢ JO5°F, a eutectie ethylens
glycol and dyyeice bath at approximately Q‘i‘F, and & sutectio tertiary
amyl alcohol and dry~izs bath at &pproximately «20CF, The bath temperas
ture in the ismpadiate viclrdty of the thermistors is msasurad by single
cepparecgonatantan tharmecouples, using ice as & referance junstlon and
mAaswang the thermal enmf, to the nsarest microvelt, which corrasponds
to & sensitivity of s 1/20°F,

The thermosouples thamselvss are calibrated by reference to s Leeds-
Northrup No, 8160-A platinum resistancs thormometer, maintainsd by the
8tanford Univerailty Chemistry Department and furnishad with & National
Bureau of Standards certiflsuves High quallty mercuryelnegless thisrme-
metars are also usaed as intermediate astandards, but are nmot suffleiently
responsive t¢ indleate the small local variations occurring in the below-
freezing bathiy, which ars more fficult Vo maintain at steady equili-

brium temeraturas,

When the bridge itself is kept at ambient teiperatiures betweon 3-O°F and
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| 100°7, the outsids limits of arior of the equipmant desoribad is esti-
| mated 10 b6 =,1° to 9,6°F in the measurensnt of air temperature, of

| vhich g o2°F may be asoribed to the cumulative srrors in calibration,

1‘ 2 .2°F to possibls deviations from linearity in the misrcarmater

| scales, and v,2°F as the maximun heating of the thermistors in the ase
pirated air siseam by the bridge curremt; this heating is serious only
on tha upper two ranges,

‘ At ambient temperaturas outsids of tha range 30° to 100°F, thers will
be an additional arrer up to a faw tanths of a degres dus to charigas in
! the resistance of the copperawound mloroammmbter ocoil, This effect is

’ probably not impoertant at sustainsd temperatures balow 20°F, sincs the

| dry cells comprising the hridge battevy vwill frease and becoms shorte
ldved,

In actusl practice, it has been found that eeoversl pieces of equipmsnd
| when placed outdoors sids by sids usually agres within ¢ 0,1° or 0,2°F
} of the c¢ommon mean and that they can be read signifieantly to the nsar-
est tenth degres, This intercomparison of instmments is part of the

i recormandad progcedure in the use of the bridges, since it is lmportant i
‘ that all instrunents read alike when several are in use simultaneously
i during an extended swivey, 3sczuse the bridges indieate on 2 nearly

lirear scale, it is valld w make an addltional single-valued correcilon
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III, INSTRUMENTATION (Continued)
to each bridge to bring them to a common reading,

5§, Field Performance
In starting out on a temperature survay, the normal procedure 1s to
press the bridge current %"adjuet! bubton and set the bridge current by
means of the rheostat to the prescribed mater defleectien, Releasing
the button then sauses the microameter nsedle to deflect according to
tamperature, and a proper onescale position may be obtalned by setiing
the rangs switch to the proper temperaturs rangs, The meter reading,
added to the bass temperaturs shown on range switsh dlal, gives the un-
corrected temperature indleation, This is recordsd along with time and
location on the data sheet carried by the clipboard and subsequently
corrected, The bridge current ls checked oucasionally by pressirg the
adjust button and, if nsoessary, readjusting the rheostat, Experlience
goon showsg how often this —wadjustment must ve made=arore ofter. in cold
weathar, but normally only every hour or so providad that the batteries

are in gond eonditien,

The compactnesa of the bridge and clipboard unit has proved to be of
considerable advantege, Since mamy of the obssrvatlans are made at
night in meving ecars, restricted lighting of the meter and writdng pad
is highly desirable, The self=contained sources of illimination pro=

vided with the bridge=clipboard unit (one 3avolt fleshlight bulb over
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the meter and one over the writing pad) have not been considered ade.
quate by scms cbservers; in this case, the use of a Savolt automobile
troubles light plugginz directly into the olgaretts lighter on the dashe
board has been found qQuite satimfactory.

Tha lsothamn mapa presaited 1n the Appendix are based on date takan with
the caremountad thermistor bridgss, In drawing ths 1°F interval iso-
theyms from these data, it has besn found that relative measiuremsnts to
3 0,1°F are wortivhile in that this degres of accuracy is frequently
significant in assigning exact positions to these linss, JTauring the
traverse of norzal routes, ths mieroameter nsedles respond mainly to
trie temperaturs variations rather than to mechanical vibrations of the
car, Nommally the cbserved teeporature drift is slow snough so0 that
with & litule Judgment, representative vemperature valuss to the nearest
tenth degres may be ussigned to each designated reference point sn the

map rToute.

There are, however, many sltustions where ths observed slr=temparature
variations are of far less representavive gignificance than would be ine
dleated by asteting than to the nearest tanth degree, For example, under
conditions of strong inversion the passage of other cars on ihe road
may disturbd the tempsrature stratification so that at 2ix feet the alr
terperature is terporarily atfectedy at high speeds, ths measuring car
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iteelf may lift the air appreaisbly, Moreover, lccsal sources of warm
or cold alr, suoh as small aiy drainage chennels, stear vents, under«
passes, irrigated gardens, ete,, will produre noticeabls effects lasting
for several seconds after the car has driven by.

The wespenss time corrvesponding to & 63% indisation of a sudden temperas
ture variation in the alr encountsred by the aspirated thermlstoresensing
alemant has been dsterminsd to te aboub five seconds, Sirce a car at

30 mph would traverse 220 feet in this time, it is evident that when
steep gradients cleng the route are ancountered, eéars going in opposlte
dreoctions at this spesd may not record exactly the same temperature ab
the same point, OQcocasionally, then, ths responseotims must be ilaken into
aseount, but normally a small amount of time lag servas o average out
the more rapld and essantlally meaningless fluctuations in air tempere=-
ture, particularly those encountsred undar lapse conHilors, and thus

ananles steadier readings to be obrainad,

D, PLANS

After 15 February 1953, when production of meteorological and sampling
equipment la scheduled for completlon, the productdon phase of the ine
stmmentation program will recalve minor attentlon iu future reports,
Contliuing ettention, however, will be given to instmmentation and will

be based on (a) fleld reports on the efficisncy and relisbili+y of
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instmments, and (b) applicable advances in the fiecld of instrumenta=
tion, Necessary modification or replacements will be made to insure
successful ocmpletlon of the L35t program, As in the past, this con=
timudng pha.‘s’e‘_of the lnstrmmentation program will be the jolnt respone
sibllity of Stanford‘;;!rd.vereity and The Ralph M, Parsons Comany,

It 1s furibar plannad to produse a separabe instrmmentation manual
covering all special equipmant designsd and produced for this project,
This manual, which will b based on more extensive experiencs in the
fiald and on amy desirabls modifications in the equipment, will include
in dstail those purely technical aspects of the lnstrmmental design and
performance which are, in the interests of brevity, omlited from the
Jolnt Quarterly Raports,

The instrmumentation section of thessa raports, however, will contein
sufficlent deseriptiona of the instmments to familia.rize the reader
with the equipment and to emable him to judge the aignificance of the
fleld data presented ln othar sections, Accordingly, the Portable Wind
Directlion Recorder and the Aspirated Themmilstor Air Temperature Indica-

tor have been considered in this report,
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Fige III-1 Wind Direction Recorder and Wind Vane
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Wind Vane Instellation on Meteorological
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Fig. III-4 Typical Wind Direction Records from Wind Direction Recorder
A at 6 inches per hour, and B at 1% inches per minute

Full size width of chart is 4% inches

y
r \/\//
| | | | {
i8o° 270° 0° 90° 180°

REFERENCE POINT

Fig, III-5 Error Curve of Wind Direction Recorder
Using Type 9 Microtorque Potentiometer
Points are taken at 10° azimuth intervals
from reference setting (0°).
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A) End View Showing Thermistor Sensing
Element in Place

B) Side View

Fig. I1I-20 Aspirated Adlrcraft Thermistor Mounting Unit
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IV. FIELD OPERATIONS

A, TEMPERATURE SURVE! PROCEDURES

Before svaluation can be made of asroscl cloud behavior within Minne-
apolis and 8t, Louls, proper slites for conducting flucrescent-particle
tracer tests must be selected, The basis for such selestion is pro-
vided by temperature surveys in which measurementa of the horizontal
temperature gradient are taken, When feasible, simultaneous measure-
mente are alsc taken of the vertical temperature gradient, thus make
ing possible a three-dimensional picture of the temperaturq structure,
From the derived urban thermal pattern, representative areas can be

~ chosen for evaluating urban effect upon asrosol behavior. The proce-

dures for making temperature surveys are briefly described below,#

Forizontal alr-temperature measuremenis are cbtained at the two-meter
level by the car-mounted sensing elements described above in Sectdon
IIT.»* To enable interpolation of data to a common time-interval,

automobile traverses over a predeterminad route are restricted to one
hour, Thermistor readings are taken while the car is in motdon, usu-

ally at the midpoint of alternate hlocks in the residsntial and open

# For detalled descriptions of the procedures, see *Cutline of Meso-
meteorological Survey Procedures®, Memorandum No, S-6, and Stanford
Quarterly Reportc 450-6 and 1856-3,

## See also SQR L50-6 and SQR 1856-~3,
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IV, FIELD OPBRATIONS (Continued)
aress, and at every block in the downtown aresa,

Hessurements of tha vertical temperature gradient are taken by means of
viresonds equipment ingluding & billoonesuspended thermistor, A ecabls
and resl assembly connscts the thermistor to a bridge eirouit for ina
dleating temperature, and also permits the cperator to regulzta and
masure the elsvation of the thermistor, In bulltcup arsas, wiresonds
operations ars conducted from the #op of & buildings the possibility
that thé=talloon or cable will become entangled in powar wirss, or hit
othsr bulldings, 1s thus minimised, To datermins temperatures batwean
ground and poof lavels, the thermistor ia lowered over ths aide of the
bullding by rodeandepeal squipnant, and readings are taken at given ine
tervals betwesn the roof and the ground,

Operational diffisulties and the resuliing revisions in the instrmmenta-

tion program havs besn oitad in Seetion ITI, It was found, for instence,

that the wiresonds equipment often gave inaccurats velues at altliudes
above 200 feet, Subsequent invastigation revesled thit the equipment
had net been grounded properly and that a nearby television tower was
affecting the thermistor and brildge cirecult. Proper grounding solived

the problan,

B, TEMPBRATURE SURVEIS IN MINNEAPOLIS AND ST, LQUIS
To December 31, 33 temperature surveys wera conducted in Minneapolis,

Page 62
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IV, TIELD OPERATIONS (Continuad)

The first 2L were mads for purpeses of oriantation and training of per-
somnel and for obtaining baskground on the urbsn temperature pattern,
To secure representative data, autemobile traverse routes weres fre-

quantly revised,

In Table IV-l are listed the last mine surveys conducted in Mianeapolis
in Oetober, Novanber and Decexrber, 1952, The wiresonds ascants for
MAywring vertical tecpsrature gradients. are also indloated, In Novame
ber these ascents ware discontinued whin low temeratures intarfered
with puccassful operation of the equipmant,

Table IV=2 swmarizes the 17 temperaturs surveys mads of St, Louis, Tha
first six were e:q:loratoar—yr in nature and on a limited scale; the remaine
ing 11 surveys wsrs condustad to datermins representative router for
obtaining valid field test data, Since priority was given to the results
obtained in Minneapolis, i¢ has not yet been possible to evaluate the

Ste Louls data,
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TABLE TVal F

TEMPERATURE SURVEIS IN MINNBAPOLIS
OotobereDecember 1952

Tem, No, Soundings No, Cars
Suvey Date of Time No, and and
Noo 1952 Maps 087 location Runs
Ma 25 10/ 3 2000 3 Usban Ral
2100
2200
Mafé 10/27 3 LN 0 sl
%27 10/28 3 " 14 Urban 2els
M. 28 10/29 3 n 2 Urban Lely
Me 29 10/30 3 " 2 Urban el
Me20 10/31 3 " 0 Ll
Ya3l 11/3 3 L 0 L=l
Ma32 /5 3 t C Ll
Ma33 12/12 ¢ 2000 0 1=3
2100
Page 6L
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TABLE IV.2

TROBRATURE SURVBYS IN 8T, LOUIS
November-Dacember 1552

SECRET

=R T iy
No. 1952 Maps cs? Loscatdon Runa
Ma1001 143 2 2100 0 2e3
2200
He1002 11/ 3 2000 0 ey
2100
2200
Me1003 115 3 " 0 2aly
¥ 200l 11/18 3 " 0 by
Me1008 1/19 3 " 0 Ll
Me1006 11/20 3 " 0 Ll
Me1007 11,/28 3 " 0 3al;
Ma1008 12/2 3 " 0 3=l
%1609 12/ 3 " 0 Lmls
=200 12/3 3 " 0 lmly
M~1011 12/5 3 " 0 )
Ma1012 1210 2 " c 3l
: | M=10123 l2/11 3 ] 0 i
i | Hal01L 12/12 3 % 0 Lmly
] 1 M=1015 L2/15 3 g 0 2l
§ | Ma1016 12/16 5 n 0 el
g { | %1017 12/17 3 d 0 by
E ‘ Page 65
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Fig, V=l
Topegraphle Map »f Minneapolis

Conteurs at 20.foot intervals are shown
in black, Proposed tracer vest arcas A
and B and temperature survey routes AG,
AH; Al and AJ are shown in med,
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V. ERSULTS AMD DISCUSSION

&, BUMMARY OF RBSULTS OBTAINED FROM FOUR MINNEBAPQLIS SURVEYS

During the current period, evaluatlon was mads of the four temmarature
surveys oompleted in Minnsapolis between 2L and 30 October 1952, each
resulting in isotherm eharta fer 2000, 2100, and 2800 hours C8T, In
the first two surveys, M«25 and K25, & relatively looss natwork o
data was obtalnad with two cars) in the remalning survsys, l-LE‘? and
Me29, more intensive coverige was ashieved with four cars, The routes
traversed in the fourmacar survey (Pige Vel) are based on the rasults of
prelimingws mins in }Hdméapous and on the findings ebtained in similar
surveys of other cities, 8inte the sutomsbilaes emlsyed in the four

surveye did not traverss the whole city, cestaln wsglons of uncertainty

remain, Isothermm for these reglons have been drawn on the basis of ax-
pericnce gained from surveys ¢conducted slsevhere ani are indicated as
dashed rathar than solid lines,

In additden %o readings of the horizontel temperature gradient, five
vartical tempsraturs sounds, included in surveys Me25 and M=27, wera
obtained from the 25-foot luigh roof of the Minnespolls Fleld Office,

Juat outside the downtown arsa,

For each survey, the appileable St, Cloud raob sounding, the wrban

wiresonds data, the srmary of the symoptic sltuation, and the lsotherm
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V. RESULTS AND [ISCUSSION (Continused)

chart or charts are presented in the jppendix, Of the 12 isothem
charts ocbtained {ram the four surveys, six are repyodused in the Appena
dlx, ons eash for surveys M.25, Me25, and M2/, and three for Me29,
which showed the greatest urban (ffaect under conditdons of low wind
speeds and virtually olear skies, Me27 was charasterized by similar
conditions, 7The remsining two surveys ware marked by wind speeds rangs
ing fram 12 to 19 mph, Wk clar and ovarcast ul:}.u for Mo25 and Ma26,
reppedtdively, The sigmifizanse of thess wind data, in temms of the ™a
gpective teapsrature dlffapsntials, will be notad presently,

The prevalling mataorelogleal econdlitions dassribad aboys are listed in
Table Vul, which definas horlgontal gradient myasuresstita in numerical
terns, for putposes of correlatlen, and whieh daacriba;réﬁe vertical
gradlent massurensnts from strest to roof levels as superadiabatie,
adisbatic, lapss less than adlabatlc, isothermal, and lnversion,

The symbols used 4o deseribe the chart situations are defined as fol-

lows
Tma.x = The highest reported tumperature at chart tire in the
area traversed, almost alwaym located in or near the
busineas distyict and dafining the centsr of the heat
island,
Toan = The lowest reported temperature at chart time in the

area tuaverssd, almost always appearing ab scme point
on the veripheral opan lands,.
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V. RESULTS AND DISCUSSION (Continued)

Do 2 The dlfference betwsen maximum and minimum observed tem-
peratuses in the {raverased aresa,

|
|

(J T 2 The mean temparature at chart time, based on a simple
| arithmetds mean of T .. and Ty,

|

R/AT) min - A measurs of the minimum dlstance one must travel from

‘ the e¢enter of the urban heat island before encountering
] a temperature drop of 1 P, R is a radius of a circle

| around the ecenter of the urban heat island, Thls radius
is chosan eo that it ingludes the most dansely bidlt—up
| ared within the cidy and equals 1,5 miles for Minnsspo-
lis, AT is the difference in tempersture betwssn thas
canter and any polnt en the periphery of thls circle;

[ therefore; to find the minimm valus for RAT, the maxie
| mum obsarvead valua of AT is umed in the quotdent,

The mirdmm radius per °F, symbolized by [R/AT] ..,
\ sweeps out a alpeunlar ares which is proportle
\ 10 the area over which a centrally located wiresonds
‘ cbeervation may be considered repmesentative, This exe
| pression, which has the dimensions of a reciprocal teme
’ parature gradient, has been used as a oriterion of ths
! heatding effact of the most densely bullteuwp portion of
several Culifornia cities, The usefulnsss of this and
similayr ecriteria can bs establishsd only after data from
| more olties have been analyzed, espsclally since the exa
| tent of the densely bullteup area in sach city determines
i the particular value of R in the above expression,
|
|

The other meteorological dats presented for comparisen in Table Vel were

obtained frem eontinmuous recordings made at the Wold=Clhiamberlain Field,

Jmﬂ, E iy v ot

elght miles south of the elty center, Entries for headings describped
below are the readings taken half an hour following the respective tra-

|
|
|
’ veras tirmes listed in the table,
\
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V. RESULTS AND DISJUSSION (Continued) ‘\

Wind Speed and Direstion: All wind instruments at tha alrport were
| locatad 62 fest above grounds

Pkl -

|

|

I Burvey Clouds; Oloudiness is indlcated in the standard airwey dese /
| eriptive tarms: olear (O), scattered (@), i
broken (@), and overcast (@), with cloud bases \
given in hundreds of feet, |
|

|

|

|

| Diurnal Temperature Range: The diurnal range given hare is icst re |

‘ presentative of the neried inslufding a glven tempera |

| ature survey. Thus, since all surveys were made at |
nlghtyxthe pange is taken fron the maximunm during the
a..‘oomon"fﬁuding the survey to the minimm in the

,p 3
early morming fw

——

e ot L CRR 0 KIS R YO, TR T LI IS TR S S AR AU

RN NI R ST 5T O TR

@

Page 70

£ N

ke

SECRET



”l'gﬂgqﬁlv\g. RS A I Ore ~Eltell ﬂi.qi‘i)_%+¥ﬁﬁ_§aq, gﬂ, 1u-ﬁ%t/gaa- WK L - e

CT |

S T e —
] ,

]

,

{

tz @-05T msm 8 - — ﬁ.w €°67 0°ST §°T7 8°9% 0022 . = =
, 1]
1z P-oST M § — — nm.o 8°6Y 0°gT g 0% g°gs GO . s J
= Lz @osT mE g — — | yro =1 39t gzv 966 foooz z-0eT  62-H
at 07 RSB T - — | 6T°0 27/ S°ST $°6T O°GE 00z u “
_ 9t 0 MR 9 “wng “wg| %0 7Lz 9°ST 9°%6T TS |01 . "
9T of ma g g “yog 6 V6T 9°ST T UL 000z 26~ge01T  LH
5
9t S m 61 - - 6L°0 6°TE 6°T L°OE T°¢€ 0022 . .
-3
_nn..m 9t @ m <t — - 00T 7°2C YT TIE 9°EE 00Tz " u =
1 (@) z x
A R G o7 mE 6T — — L0 6°2€ 2°€ €I S°¥¢  |oooe eS-Lz-0T  9eH O
j ¥ “
] 7 o€ 0 - S ~os] ‘wmg | €€°0 1°95 ¢°8 9°Z6 $°09 | ooz . a
“ ot 0 | £t _ ~deg cdwy T€*0 9°8% 9°L 8°% 729 0012 " n
ﬁ ot 1] q €T ~dwq *¥ng TS0 2°69 L°9 @8%°96 G°€9 0002 26~7C-0T N
i eBuey epaory °“Ifd Ppeeds | 00T ©3  JFOOX 07 1 , uym Iso o8g *of
N ~dmgy  foarng Vo joox 402 03 "978 /4 3 e 4 ouryL Loazng
vy TeoTdoTor00 e Yem0 "PER dwog <qamy | w9g feaang axmqucedmel T3UCZ TV | Texauey

SLIANDS TEIVELNEL STIOJVIANTA HOWl VIV JdU XHVIHIS

i
!
|
m
i
m
k
mﬁﬁf —————— e e NN —
® & &




SECRET

SECURITY INFORMATION

<7 s Fonle - Coaudmabuainl] El

j
’ V. HESULTS AND DISCUSSICN (Continuad)
Be DISCUSSION (F URBAN THERMAL STRUCTURE

1, City Structure and Terreln

[T T S Y- T I VRS

Bafore ths results of the tamperature survers can be discussed, a brief f
l daseription of the terrain and phy=iecal structure of the city 1s neces- J 3
‘ sary, Minneapolis 1s losatsd on the Mississippi River, approximately ‘

i 25 per cent of the olty baing on the eastearn sids, For tha most part,

% the bullieup area axtends to the river banks, which ars fairly steep and
w _ries about 100 fest above the water swfecs, Within the oity itself the |
" ‘aanad.n iy flat to gently rolllng, As inq:!:e&tod by the topographic map ‘\
\ (Mge Val), the cantral and southern diatri;gixirs\qgéto £lat, 7arying |
in elevation frem 800 to 900 fest above sea level. A low strip runs |
} approximately from Cedar lake northaast to the river at elsvations ap- ‘
proximately 800 to 8LO feet, The northern aeo‘oioﬁ of the alty is somea |
what more irregular than the southern with elevatiuns varying from 800
feat along the river to a maximum of 9LO within the elty, |

The relation between the car routes and the topegraphy ls else irndlcated
in Pigure V=l, With four cars the routes were distributed in auch a wey

! that eash ear covered a scgment of the downtown ares as well as a part

f of an eutlylng dstrlots ALL of royute A=Y lay betwsen SLO and 880 feet; }
| inJ varied frem 800 to 960 Ceet; A~G, from 800 to 920 feet; and a-H,

! from 800 te 900 feet, Boutes A-G and i=J included undeveloped areas.

! Fage 72
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V. RESULT3 AND IISCUSSION (Continuad)
When traverse equipment for only two cars was available, rcutas A«G and

bel vere used,

—— e - &

&Mmaw;hi‘@uﬁujwu&nﬁ_i: -

Lakes and rivers comprise apuroximately 10 psp cent af the eity area and [
an even gresiter per cent of the irmmadiately surrounding country, Minne !

s

tonka, the largest of the peripheral lakes, is irpegular ;p,ahwﬁ

W TR TSR R X ST REAPUF Ay T s

T T A TR N LA TR A IS YO IR

#

eovers approximately 25-square miIas, Ten miles east of lLake Minnstonka

is Lake Oalhoun, ths largest of the ten lakes in the southern part of
the alty, Thase viry in size from a elty blotk to a masimm of 0,8 by
1l mils for Lake Calhoun, Most of the smallsr lakes, are surroundsd by

parks.

Tha prineipal downtown section, around Micollet and Sixth Strests,
covers approximately 1,5 square miles, Portions of tiiis area ineluding
the prineipal bulldings are shown in the frontisplece, The area is leas
dsnsely bullteup than downtown 8an Franeiseo ‘3ee Pigs 1, SQR 1858<3);

and features broad sirests and mumerous open parlking lots,

The residential ares; sonsisting &f many tresscovered streetus, is

characterized by two and threeestory dwellings.

2, Characterlstlss of +hs Horlzontal Temperaturs Pattern
&c Isothsrm lPatterns end Their Reproducibility
Izetham patterns obtalned to date in Mimmespolis show characteristiic
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V. RESULTS AND DISCUBSSION (Contirued)
patterns similar to those examined in otner eities ineluding Pale Alto,

8un Joge, and 8an Franeisco, The highest temperatures are always found

‘ /w nsar s downtown area, Lowest temperatures are found outside the

olty ory in soms instances, nsar the larger parks or undsveloped areas,
Ir all aurv:ya sxoept Mw25, which was conductad undar high wind condis
tions asscolated with an overcast sky, tha downtown warm area is alearly
defined, In additien, Columida Park, Wirth Park, and the area north and
wast of Lake Hlawatha appaa® to be consistantly cold, This dastribubien
of tamparature is apparent on all thmee charts for survey Ma29 (Flgu,
=10, hll\,\an\df-la, in the Appandix) as well as on the threa chawts
for M.27, one of @‘Mk@m in the Appemtiy, Batween
the wams and ¢old arezs the pattern is J;s dafinad and veries frem
night to night, Howevar, the area south of the business dlstriet is us-
ually asscclated with the smsll horlsontal temperature gradient fer a
distance of approximately ono mile,

The magnituds of the temperature difference Dy is apparent in Table Vel,
In M-25, when the wind veleeity (measured at the airport) varled from
15 %o 19 mph and the sky was overcast, the observed temarature differ-
ence was approximately 2,59 F. Ia Me25 the temperatura dlfference wes
¢ to B I with clear skies but with wind speeds of 13 mph, In M=27 and
#e29, the temperature differentizl exceeds 15° F; in each case the alre

port wini veloeity was 8 mph or lels,

Page 7k
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V. HRESULTS AND DISCUSSION (Centinuad)

b, Effect of Wind Valoolty on the Isotharm Pattern
A8 pointed cut sarlier, the wind data presently available ara takon ot
the alrport located 2 1/2 miles aocucheast of Lake Hlawatha, The dliwce
tden and veleoclty equipment ia 62 feet above the ground, Within the
clty ltself, velooltdes ut the twe=meter level am undoubtedly lower than
thoss shown at the alrport station and, in faet, maf»be as low as ons-
half the represented valus, Under high wind eonditions the airport wird
direotion is probably representative of the antire city,

The laotharm pattarn is affestsad in two ways by the wind: Zfirsty, at

gh veloelties ths temparatiure dlffspences are greatly radusad; and
seoond, the lsotherm pattern is displacsd somswhat in the dowmwind direc-
tden,

The first effect 1s shown for 2100 hours, 27 Oetober 1962, in survey M=26
(Fige A=3), On this nizht the wind was blowing from the northwest bew
tween 15-19 mph, The resulting temperaturs gradient was small, amounting
to only 2,5° Fo Tho same situation existed for the 2000 and 2200 hour
gharts, roaither of which ig inecludad in the Appandix, (n this night the
overcast sky as well as the high wind was e factor in mwducing temera-
ture gradlent, In addition the average cloudiness during the day zmounted
to 60%, which would yeduce the ameunt of heat available for storage within

the elty and would in turn tend to minimize the night-time hordzontal
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| “" V., RESULTS AML TISCUSSIOYN (Continued)
iy |
g | terperature differential, This effeet, however, may be of secondary ime
g ; portance sinee a large dfferertinl was observed in Me29 although the
f * day-time cloudiness amounted to 70%. In Me25 with 2 wind speed of 12 to
H 13 mph, the temperature difrerence inoreased to 7,6 F, Terperature
i} differences of 15° F and greater were observed in Me27 and ¥29, where
{ ti1e wind was 8 mph or lees,
(/ The shift in the isotherm pattern was particularly noticeable in the
; N downtown ares, As indieated in Figures A=l), Aell, and Ael2, ror Me29,
4 | 1% was flpst displaced te the north and later to the northeast as tie
i? ( wind shified from tha south to the westesouthwest, A similar displace-
% 8 H ment is shown in Figuwe 4-8 (Ma27), where the wind i3 westescuthwest,
g i The isotherms from this chart have been mieplotted on the frontlspiece,
E; ( where they clearly indlsate the downwind displacement from the most
% | dengely bullt=up area, Survey M=25 alse shows 2 pronounsed displLacement,
£~ this time toward the west becauss of an easterly wind (Fig, 4«3). The
£ | 2000 and 2200 charts, not ineluded in the Avpendix, show the szme effest,
: 1} c, Effect of Terrsin
; J Based on available dats, tne efiecv of terrain appears o be small, when
5 y helzht and the effect of cover are considersd, Thus, the small warm zone
E ( south of Crysial Laxe Ceretery which appears on all three charts for sur-
L vey M=29 mz be due to igher ground i thet ares when inverslon conditions
|
; |
i* Page 75
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V. RRESULTS AND DISCWSSION (c.cnuﬁued)

prevall, Tha thmee charts also show laoclated warm zones in the north-
sast adge which may likewlse be dus to slight changes in elevatien,
Finally, all of the charts indlcate that aouthwesi of Wirth Pard there
ils a pronounced temperature gradient which is apparently due to an
E0=foot alope rising awgr from the lake,

Large areas of spen ground are consistently colde In addition to Colume
bla Park and Wirth Park mentionad above, the area ssutheast of Colimbia
Park appears cold in both Me29 and M=27, including the two M=27 eharts
nos repredused in the Lppendix,

The measurements obtainad to date do not shew a pronounced reproducible
aeffect from the Mlsslssippl River,

lake Calhoun, the largest lake within the ecity, ‘ha.s 2 small but measure
able effect undsr sore condiidons, When the alr temserature 1ls less than
the water temperature, as in Figure A8 (M=27), the air terperature in-
ereasad from the wpwind to the dowrnwind slde of the lake, In this parti-
cular ease the alr temperature was approximately 27° 7, wheisas the lake
as measured close to shore on the north.edge was 4L° F, The isotherms
appear to be psrpendleular to the wind aeress the luke and show approxi-
mately 3° F of warming, In M=29 the air was oniy L® F warmer than the

lake and showed no significant modlficatlon as it rncved across the water,
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Ve RESULTS AND IESCUSSION (Cortinued)

d. ZEffect of Emvirermental Temparaturs
Temmsrature survey Me27 was conducted in below-fraezing %emperatures in
contrast tc ths othar sumeya wilch were mads betwean 30° apd 60° F
(Table Vel), From thase data it appears that the lsotherm patterns are
not affected Ly low temperatures, Surveys M=27 and Me29, which were
conducted undsr similar wind conditdens but at 20° and L4O° F respectives
ly, gave vawy aimilar pattemns and temperature differentials, Winter
surveys, howsver, may show & ehange in the temperature pattsrn partlcu=
larly after the lakes have frosen and tha ground has besn scovered with

SNOW,e

3+ Comparison with Other Cltles
4 comarison of presently avallable temperature vatterns for Minnsapolis
with patterns from other clilee indleates that the Minneapolis results
are in agrasement with those to be expected of a city of 1ts size and
population dansity. Mable Va2 contains & brief zummary of the city
characteristies ind the temperature differences and temperature gradie
rots, Minisapolls ls somewhat larger in ursa than 3an Trancisce bub has

5 smaller population; in this respect its population density value falls

botwsen those of 8an Francisco and 8an Joze,.
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J( TABLE V-2
|
RORTZ20NTAL TEMPERATURE PATTERN CHARACTERISTICS
COMPARED WITH

VARIOUS INDICES QF CITY CIZE

San Francisco™ San Josel Palo Alte® Minneapolls

Pepulation 78L,000

Incorporated Land Ares, L34l
gquare miles

Populatlon Density, 174300

persons/sguars nils

Maxdmum Temperature Differ- 20,0
ence (Dm)

Trax = Toin (°F)

i)
Minimm RAT, mi,/®F 0,179
L pxtracted fron &Q1 1884-3, p, LS

101,000 33,000

1k.8 £:6
6’ 8’00 3;800
1,2 12.6

C,1L3 0,05L

2 - s . e
“ This figure includes 3,3 square miles of lakes and rivers,

522,000

£5,8°

Cs1h

3 See definitions of 5yrbols used in Table Vel for discusSion of E%:To”
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V. RESULTE AiD DISCUSSION (Centinued)

The maximun observed tempsrature dfferencs (Dp) and the minimm temper-
ature valus (R/AT) are also within the limits given for San Francisco and
San Joss, Por the thres ¢ltles in the San Franeisco Bay Area, average

valuas of the temperature gradient were approximately one-half the mari-

mumy.and average valuss of the ratierRAT were two to three times grsater =

than the minimm, 4s indicated in Table Vel, measured valuss of D, and
R/AT for Minnsapolis covered the abeve range but until additional teste
have bBeen fun and additional metsorologiecal data obiained in the city
proper, it is diffieult te arrive at representative average values.

48 pointed out sarlisr, the distributlon of warm and eold arsas agrees
qualdtatively with trat found in other citles, Howsver, the M«29 surveys
show a warming in certain aress late in the avening; such nooturnal warme
ing has not been ohserved in preceding temperalure surveys either of
Minneapolis or cof other citles except in one swrvey of Palo Alts wnieh
was asgocleted with the onset of a siratus overcast, Ths warming is rost
prencunsed at the adgee of the clty, an Colimtda Park, Crystal Lake
Cematary, wWirth Park, Lake of the Isles, and south of lLave Calhioun, Be=
tween 2100 and 2:20 hours the termerature inereased 2-3° ¥ in thase are=s
and 5’0 F west of Wirth Parks, Turing the same perlod both at the alrpor:

an. in the downtown arez, the terperaturs drupped betwsen 1,5° and 2° 7.

From 2100 tc 2200 hours the wind velocity veried from 5 to § mph, with a
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7, RESULTS AND DISCUSSICN (Continuad)

wind ehlft from southmsouthwest vo westmsouthwesv, If the airport wind

is representatlve of the entire ares, a westerly shift might be expested
to bring inte the western side of the oity sovler alr which would lower

rather than ralse the temperature, Additional surveys are needed to dee

tornine the cause of the observed rise in temperature,

Lo Vertical Temperature Gradients
Measuremanvs of vertical bamperature gradients with wirasonde equipment
apre avallable for surveys Me25 and Me2?7, The results are surmarized in
Table Vel and are presented diagrammatioally in the Appendix,

In both Me25 and M=27, gradients were measursad from the ground o approx-
imately 200 feet and in each case wers taken from a roof in the downtown
area, The exact positlon is indicated on the isotherm charts and alse in
the frontlsplecs, 4 large kyioon was used to carry the thermister abovs
rool level; between the roof and ground mszsurements were made by lower-

ing the thermistor over the side of the bullding,

Figure A-2 precents tne three soundings for Me25 which correspond in time
2 the three horlzontal terperature charts for that survey. 1In each

case the soundings show an instebility in the lowest 10 to 15 feet, with

an lrregwdar gradient avove thls level, In the earlisst run the average

gradient avovs 25 faet is almost adlabatle, Tne later rung shoy insreas-

ing stability reaehing approximately isotiermal at 2200 hours from 23 %o

o e Page 1
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V. FBSULTS AND DISCUSSION (Continusd)
200 fest, Cooling takes place throughout the 200-feot layer between
2000 and 2200 hours,

Me27 soundings taken at 2000 and 20L5 hours (see Fig, 4=7) correspoend
¢losoly in tima to the first two ilsothemrm charts, In each tave instabll-
ity is indleated from ground to the uppar limit of the sounddlng, At the
roof laval, particularly in the second souading, thers is showu & pro-
nsunsed discontinulty which probably arires from the measuring procsdurs .+
Por purmoses of analysis the two sections of the curve should be jolned

at the roof level,

It is interesting to note thdd nonse of the filve wiresondes obiainad was
run in the warmest portion of the downtown area, The wirasonde position
at 2100 hours for Ma25 (Fig, A=3) was et least five bloecks from the

62° F isotherm, It was approximately the same distance away in the 2000
and 2200 hours on the charts (not ineluded in the Aprendix), In M=27,
Flgure A=Y, the wiresonds positicn was likewlse at laast four blocks

from the wamwest avea, The distance ig readily apparent in the frontisa

the maxdmum whieh may nave existed,

# 5e2 SQR 1856=3, p. 56, for discussion of this ooint,
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V. RESULTS AND DISCUSSION (Contirued)

The closest radlcscnds ascente to Minneapolis are made at St, Cloud,
about 60 miles to the northwest and 200 feet higher in elevation, The
dlstance between these cities ia sush that actual temperature differa
ences of several degrees Fahrenhelt might he found in soundings at the
two stations, but in the absencs of frontal dlacontinuitles the St. Cloud
raob data should indlcate reasonably well the degree of atmospherie sta-
bility over the open lind aurrounding Minneapolis, Thus, for eash of the
four temperature surveys reportad heps, St, Cloud raob data from the sur-
face to 5000 feet msl (about LOQO feet abeve the surface) are glven for
2Lo0 C5T, cerresponding to an isothem chart, and for the preceding and
following moermings at 0%00 C5T.

(n the night of survey M=28, rach data (Fig, Ael) showed nearly adlabatis
eonditions in the lowest LOOO feet, and pikal data showed winds above the
fprletdon layer at 30<L0 moh from the northwest, WWith northwest surface
winds of 1520 rmph reported at Minneapolis eirport, similar adiabatie
conditions would be sxpected adjacent to that e¢lty, and the small hori-
zontal terperature differentlel of 2-3o F obssrveda across the c¢ity would

support the absenee of inversion conditions over open land,

On the nights of surveys Ma27 and Me29; surface inversions of consider-
able magnituds were shown in the St, Cloud raocb data (Figs, 4=6 =znd A4-9),

and synoptle maps indlecaied that similar condltions snould exist acvoss

9eCRET
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; V. RESULTS AND IISCUSSION (Contimmed)
the state of Minneseta, Om both nights winds st Minnespclis adrport

i vere § mph or less, and lamge norizontil wempsraturs gradients were ob-

gcrved across the city, For survey Me29, raoh data showed a LL° F ine

; version from the surlface to 500 feet, and am urban differemtial of 18° F
establishad the record to date for Minneapelis, ‘huring swurvey Me27 an
11° 7 surface inversion at St, Oloud axtendsd to LOO feet, and across
Mirneapolis an urban differential of 15-16° F was reported, Mareover,
wirescnds data for survey Ma27 (Fig, £=7) showed strong lapse conditions
from the surfacs to 200 fest in downtown Minneapclis, daspite the streng
surfaca invarsion which the horlzontel grediant would indloats to have
extandad to tha fringes of the oity,

A weak, dry cold front, characterized primarlily by wind and temperaturs

discontinulties, pasead over the Minnmeapolis raglon on the night of sure

—r e

vey Ms25, so0 that special caution must be exercised in applying St, Cloud

o e e S IR 0 s ol A

i raob data (Fig, A=1), On the 5t, Cloud soundings for the following |

~ porming {25 Octobar 1952), the mtrong 17° T invereisn between 1000 and
2009 fest defines the frontal surface, Novertheless, ths 8° F surface

IRy ST

inversion observed at 3St, Cloud during the survey compares well with the

8° F urban &ffareatial sbserved at Minnespolis, and the intermsdiate

|
| 8° F maginituds of that cifferential compares well with the intermediate

13 mph wind speed reported at the Mimnszpolls airport, Wiresonde data
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V. RESULTS AND DISCUSSION (Contimuied)

(Fige A=2) indioated supsradiabatic conditions in the lowest 200 feet
over downtown Minneapolds on this nlght, whereas irnwverslen conditions in
all probebdlity existed outsids the city,

Direct evidenca from survey Me27 and supporting svidsnce from swrveys
Me25 and Maiy indleate that instability may exist within an urban ares at
times when invaxsiona have developed over the area surrounding it, 1In
this respect the results are in accord with these for Palo Alto, San Jose,

and Saa Franoisso,

C. APPLICATION OF TEMPERATURE SURVEY RESULTS TO SELEOTION OF SITES FOR

ABROSOL CLOUD STUILRS
The resulia of the temperature surveys wers used in -onjunetien with
&erlal protographs and & topographic map o selest areas within Minnsae

polis sultable for aerosol cloud studies using the fluorescent tracer —— —

teohnique,*

Several test areas are required, ranging in size from 1/L to 1 square
mile, Qe of thess should be as typiecal as poaglble of the major pore
tion of the bBullteup part of the city, including commernlal and residen-
tlal strustures, and sheuld be a8 representative as possible of probable

target areas, The others should includs characteristlc elements of the

* See Jolnt Quarterly Report No, 1, Section ITI,
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V. RESULTS AND DIUCUSSION (Continued)

elty such as the deowntown distriet with ite wall structures, a portion
of the olty adjasent to the river witnh a density of structures compara-
tle to the first area mentioned, and an epen gite w provide data which
may be compared diiectly with results frem Dugway Proving Ground,

Most of thas testing effort will be dsvoted to the area pepresentative
of the major part of the olty, In addiiien to the structural qualiflecae
tlons daseribed above, the area should have:

a) A mimimum hnorizontal tampsrature gradient aoross ity

b) Reasonably level terrain

6) A milorn bullding density and & swrounding region of aimilar

coupesitioen,

An area 1/2 mile on a side meeting these rcqui.rmenté was selected ape
proximately lel/2 miles south of the central business destriet, It is
marked Area A in Figures Vel and iz bounded by 27th Street, 3lst Strest,
Stevens Avenus, and Oakland Avenue, It i3 primarily a residential area

with a populatdoen density of 20,500 persons per sguare mile, In addition,

there are a shopplng and cormerelal distriet along ons street and a few

manufectuwring plants, mest of which are two storles or less,

A second test area (identifiad as Area B, Fig, V-1) was tentatively
gselectad along the river, It is similar to the first in that in ineludes

residential and cormercizl stimictures, The population density in the
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V. RESULTS AND IISCTBSIOHN (Continued)

bullteup area 18 alsc eomparable, It 18 bounded by lLth Avenue South,
&th Styeet Sounh, Harvard Street (projected acrvss the river to inter-
section of 6th Street), Washington Avenue SE, and 2nd Stieeb South,

This leocatlon is belng considared as & site which will pryvide informa-
tdon on the affect of the river on cloud tehaviory results obtalned here
will be compared with those i the fivst erea, Howsver, before final
selectlon is made of Area B, mire datailed examina@don is neceasary,

Other test sites under conmidaration include the centrel dowabown dise
trlet and a flat span ares on trs oubtskirta of the elty sith as Fort
fnalling, Thess areas will be s lected as soon a8 results ate obtained
from the flest aves, |
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Figume A2

TEMPERATURE BOUNDINGS

WINNEAPOLIA LINAN WIRESCNDE

SURVEY MW.28, 264 OCT 1982
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TEMPERATURE SURVEY =25
(2L Octobsr 1752)

Synootie Siuation

A wealc cold front, which extendsd frem Massacnusetts te Saskatchewan,
had passed the Minneanolis area during the af'termonn, but way ldentified
only by wind and temperature diseontinuities, In eastern Nebraska a weak
lowepressure ¢enter along this systen vwas weakening rapidly and caused no
adverse weather, To the north of Lake Stnerlor was eecnterad a cold polar
continental nigh oell, For the !Minneapolis area northeasterly gradient
winds thus eauled.adysatinn of much oolder airs At the 700<mb leval 2

weak ridge resultsd in a northwesterly gradient wind aeress the area,

Time Glc/)ud Hte Sky Visibility Pressure Tgmp. Tew  Wind Vind
(

081, _{ft.) . Cover __ () _ ()  (F)  Point Dire Speed
1330 25500 Seattered L5 1017,6 8l 35 EE 13
1232 Clear 15 1918,0 ¢l 24 9 15
20130 Clear 15 1013,3 53 32 T 13
2139 Claan 15 101343 58 3l z 13
2070 Clear g 101%,53 =8 59 E 12
233y Clear 15 1013,3 2L 30 BE Wy

#averaga cloudiness suarise to suns-t {Holman Field, 5%, =aul): 20¥
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FIGURE A-4
WINDS ALOFT
sIDS JLok T TEMPERATURE SOUNDINGS
27 OCTOBER 1952 ST. CLOUD RAOB, 27 OCT 1952
2100 4Cq“JT (SUPPLEMENTAL 7O SURVEY M- 26)
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TEMPERATURE SURVEY M=26
(27 October 1952)

Synoptic Situation

An intense high-pressure cell, with a 1037-millibar center over
North Dakota, extcaded from the Appalachians to the Rockies, The cold
frontal system along the Appalachians terminated over eastern Canada in a
low center which was weakening and moving rapidly eastward, Over Minnea-
nolis northeriy gradient winds of 3C knots brbught- cold polar continaxtal
air to the area, At 700 millibars a high-pressure ridge lay over the

Rockles, resulting in nortlwesterly winds at that level over Minneapolis,

Weather at Wold-Chamberlain Field (Minneapolis Airport)

Time Cloud Ht, Sky Visibility Pressure Temp, Dew Wind Wind
F)

CST (Fto) Covers (Mi.) (Mb) _ (° Point Dir, Speed
1830 5000 Stattered 154 10234 3k 18 w2
1930 L300 Overcast 154 o2k 32 20 NNW 26
2030  Lpoo Scattered 15¢ 1024,7 32 17 NMW 19
2130 3500 Overcast 15 1020147 32 16 W15

2230 3ho0 Overcast 15+ 1025,1L 31 16 NW 19 Gusty
2330 3400 Overcast 15+ 1025,4 3L 17 MW 18 Gusty

#Average cloudiness sunrise to sunset (Holman Field, St, Paul): 60%
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5 NDS ALOFT TEMPERATURE SOUNDINGS
H 3#01. O PiIgAL
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TEMFERATURS SUAVEY Xm27
(28 Netober 1952)

Synoptic Situabion

A 5h2llow polar ~ontinental wip mass extwidad aeress the mideontinent
frem Rudson Bay fzzas, with cool elaar weather in the resulting highe
pResgure systan, At Minneapolis, near which lay the axls of this system,
gradient winds were southwesterly and very lipht., However, 70Janmb winds
were northwestarly and much sironger, since the frontal systam at thls
lavel was approashing the Duksta~linnesota bordeas, o

o L

Lo e s

Weathep at VoldsChambarlain Fisld (Minneapolis Adroort)

Time Cloud Ht, Sky Vislbility °Pressure Temp, Daw Wnd Wnd

csT (Fty) Cover: (M) (Mb) (CF) Point Dir, Speed
1850 Clear 154 1026.8 3¢ 13 Wy 7
1930 Clear 15+ 1025,1 32 1 WSW 5
2030 Clear 15 1029,1 29 12 wsw 8
ARy Clear 15« 1029,1 23 15 Wi )
2230 Clear 15a L2948 27 15 S& 2
2330 12000 Broken 1% 1027,% 25 16 SW 7

mAverage clouainess sunrise to sunset (Holman IMeld, St, Paul): 0%
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{EMPERATURE SURVEY M-29
(30 October 1952)

Synoptic Situaiion

Over Lake Superior 200 miles northeast of Mirnsspolis lay a 100l-mb
low-pressure center, associated with a surface frontal system to the north
tha Canadian border and a cold front aloft which extended southeastward
into Kansas. One high cell was centered in Ontario, north of the low cen-
ter, and a smaller high was ceniered at the Wyoming-South Dakota border,
Over Minneapolis, circulation after the cold front aloft had passed brought
maritime polar ajr, which had been considerably modified by its trajectary
gver the western mounvains, Surface gradient winds were light southwester-
1y, and at the 700-mb level strong westerly winds were part of a high-index

westerly flow over the entire coumtry.

Weather at Wold-Chamberlain Field (Mimneapolis Airport)

Time Cloud Ht, Sky Visibility Pressure Temp, Dew Wind Wind

CST (Fte) Covers (M,) (Mb). (°F) Point Dir, Speed
1830 16000  Scattered 10 10047 57 28 SSW L
22000 Broken
1930  1%000 Broken 12 100k4L 5h 29 SSE 9
2030 15000 Broken 12 10047 53 27 Ssw 8
2130 15000 Broken 12 - 100L,7 50 27 SW &
22730 15000 Scattered 15 1005,1 50 28 WSW 8
2330 Clear 15 10051 L8 29  WSW 7

#Average cloudiness sunrise to sunset (Holman Field, St, Paul): Yu




DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPNENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF:

JUN 20 201
RDCB-DPC-RS
MEMORANDUM THRU Teghiical Director, Edgewood Chemical Biological Center (ECBC)
(RDCB-D/Mr. Josegh ienand), 5183 Blackhawk Road, Aberdeen Proving Ground, MD
21010-5424 '

FOR Office of the Chief Counsel, US Army Research, Development and Engineering Command
(RDECOM)(AMSRD-CCE/Ms. Kelly Knapp), 3071 Aberdeen Boulevard, Aberdeen Proving
Ground, MD 21005-5424

SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

1. The purpose of this memorandum is to recommend the release of information in regard to
RDECOM FOIA Request, FA-13-0041.

2. The ECBC received RDECOM FOIA Request FA-13-0041 from Ms. Kelly Knapp,
RDECOM FOIA Officer. The request originated from Jennifer Randazzo, a historian with
History Associate located in Rockville, Maryland.

3. The following unclassified documents were reviewed by subject matter experts from the
ECBC and deemed releasable. However, the current distribution level must be changed with the
Defense Technical Information Center (DTIC) prior to release:

a. AD-007261, Behavior of Acrosol Clouds Within Cities, Joint Quarterly Report Number
Two, Oct — Dec 1952.

b. AD-e498515, Field Tests Concermng the DISsemmanon of Gas and Aerosol Clouds, Part
IV: Nausta, dated Apr 1961.

4. The point of contact is Mr. Ronald L. Stafford, ECBC Security Specialist, (410) 436-6810 or
ronald.l.stafford.civ@mail.mil.
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