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BOME INSTRUMENTS USED BY DIVISION 10, NDRC
- AT DUGWAY PROVING GROUND FOR THE CONTINUOUS RECORDING
OF MICROLETEOROLOGICLL CONDITIONS

By

8. W. Grimmell, Research Assoociate

Abstract

The problem of designing suitable portable instruments for
the recording of micrometeorological data, which is required to supple=
ment chenical senpling results in Chemical Warfare field tests, was
encountored by the NDRC Laboratory at Dugway Proving Ground, A oonsi-
doration of tho desireble charaoteristios for these instruments, as
breught out by expericnoo and by helpful discussion with members of the
Technioal Operations Division, resulted in tho design of self-racording
instrunonts for measuring wind speed, wind diroction, cnd tempercture
gradient by eleotrionl methods. The deteils and porformanco of these
instrumonts are discussed so ns to enable tho consideration and possible
oconatruotion of similar instruments to be undertekon elsowhoro.
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GF HICROM‘TEOROLOGTCAL COﬁﬁfo0ﬁ§

I. INTRODUCTION

One of the original objeotives of the NDRC Laboratory at Dugway
Proving Ground was to study ond assoss tho ef’ect of micrometeorological
conditions on the behavior of chemical agents. It soon becamc apparent
that at this station by far the most important contribution to tho CWS
progran could be nede by focusing attontion on the measuro: ent of the
niorometeorological conditions during the actual CWS field trianls, and
that tho offort spent on tho developront and operation of instrumonts
for this purpose would bo highly justifiod.

Tho obJoot of this report is to describe tho riost supepssful of these
instrunorts, tho recsons undorlying tho choico of their warious components.
and somo dotails of thoir operation. Tho cotual rocords are not discussed,
as thoy hcve alrondy sorved their primary purposs of contributing to the
data on tho fiold tests end as nothing significant would be added thereby
to what is alroedy known alout miocrometeorclogical behavior.

During theo poriod ovor vhich thoso instrurients wore in use, thore
was not suffiocient time nor personnel to eorry on an adequato program
dovotod primarily to micromotoorological resoerch. Such rosults as were
obtained, however, indicato that similar instrumonts can bo of great
value in microrioteorological surveys where a large amount of data, con-
tinuously varying with tinc, nust bo rocorded and oxamined.

Tho offoctivonoss of such resecrch, or of tho continuation of this
part of tho genoral Choriical Warfaro program, will bo considerably
enhanced by carcful advanco consideration of tho instrumontecl probloms;
it is ospocially dosirablo whon standardizin; on equipment with certain
dofinito charcctoristics, that thoso cheoracteristios be choson to harmo-
nizo with tho roans ond purposc of the investigation. It is not intonded
in this roport t> onttle thc instrumonts doscribed to bo copiod without
rogard to thoir principles of oporation, but rathor to aid in docisions
as to tho proper choice ond dosign of new oquiprient, cnd thus inecroase
to sorie cxtont tho array from which to soloct tho noans most suitable for

fulfilling tho oonditions laid dom by verious ricromoteorological
probloms.

II. PRACTICAL RIQUIREMENTS FOR MICROMETEOROLOGICAL EQUIFMENT USED IN
CWS_FIELD WORK

A. Tho Gonoral Problem

&4t a proving ground ths bohaviour of rmunitions must be evaluated
with far groater oxactitude than would ever be cmployod in solving
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problons undor notual oorbat conditions; a figuro of $20X might well bo
takon os a dosirable (but not necossarily obtainable) over~all accuracy
for tho assessnient of the officioncy of functioning of a chemieal rmni-
tion where the agont is distributed in the form of a cloud,

The usual practico will then be to function the munition in a
selected orea over which semplers are distributed end to state the effec-
tivoness of the experiment in terns of tho quantity of agent indicated

by tho sampler, usuelly in terms of either ¢ time-coneentrction curve or
& total dosnge.

These chemical sampling results are dependent on the character-
istios of the nunition, on the influonce of the runition and agent on the
natural air flow pattern, end on the coursc of tho air flow pattern itself
during the experimont. The effect of the latter ray ordinarily bo stated
to a sufficient degrot of approximation in terms of a wind espood repre=-
sentativo of the area, a roprosentative wind direction, and a reprcsenta-
tive tempo rature gradient.

Dapending on the stability of the lower layors of tho atmosphera,
theso factors normally vary from instant to instant and from point to
" point over the target aren; in addition it is soldom feasible to place
an instrument, and much less &n operctor, in the vicinity of the conter
of tho target aron. Therofore an estinate of tho ovor=-all accuracy of
the results of the experimont should inoclude informatiosn from more than
one location on the terget, or olse a study at ono location of the varia-
tion of the metecorologiesal factors with time; this will ordincrily be
quelitatively similar to the variation with distaonco.

Over short periods of tiro, such cs tho duration of a non-
porsistent cloud at mwderato wind volocitios, it will ordinarily be found
thet tho naturcl fluetuations in tho niororiotoorological quantitics being
noasured will dotermino the limits of cceuracy, rathor than tho instru-
mental accuracy or that of tho ehemical sampling. In many cases it is
desirablo to hcve tho rieromoteorologiocnl records immodiately aveilable
for rapld inspection directly aftor the oxperimunt, and to supplamont
tho record with visual notes.

For tho above roasons it bocorios highly advantageous to have
the equipment cutomatically ccntinuously recording by writing direetly
in ink on a moving chart alroady ealibrat~d at loast approximately
according to the quantity being measured. The syston choson for
accomplishing this end consists of self=-containod battery-eperated
portuble oquipmont for translating the qunntitios boing measurod into
milliarperes, cnd spring drivon Estorlino-Angus recording rmilliommeters

(usually 1.0 milliampere full scalo) oquipped with chronograph side~-pens
for timing.

S8inco this system is capablo of operating without attention for
periods up to a week, thore is also considerable oconomy of menepower
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where extended measuremonts are to be made or where the records are to
be usod for verification of forecasts or in other micrometeorological
studies, In addition it has proved useful in measurocments on wind

profiles, temporature profiles, and gustiness. The rated acouracy of

tho moters, g 1% of the full sonlo value, is sufficiently high for
nearly all purposecs,

B. Accuracy Requirements for Wind Speed Measurements

The effeot of wind spced alcne, as reflected by chomical sample
ing, will bo primarily to govorn the length of time over which the cloud
reanins in the vicinity of tho sempler; this time will be inverscly
proporticnal to the wind velocity. Taking a figure of ¢ 20% as the
desired accuracy limits, this would indicate o desirable accuracy of
¢ 20% in the wind velocity measurcment. At wind velocitics above 2 mph
this instrumcntal accuracy is easy to cbtain, end to make allowanou for
other offoats of wind velocity, it would bo noro conservative to set the
derirablo instrumontel acouracy, except for wind profile studies, at
2 B% of the roading and to sot the desirable (but not always attainable)

figurc fcr the acouracy of the representative wind specd over the target
aroa at 3 10%

C. Accurncy Roguirements for Tomperature Gradicnt Measurements

The influcnce of temperature gredient on tho total dosage
indicated by chemical sanipling riny bo takon roughly as o throc-foli
effcot for a variation in temperature gradient from =1°C lapse to noutral,
ond a threo=fol¢ effeot for a variation in temporature gradient frem
noutral to #1°C invorsion, whore tho tempecraturc differcnce is measured
betweon 2n height and 3n height. If thc variation of the total dosage
with temperaturo gradiont is considorcd uniform throughout this roegion,
thon an accuracy of g 20% in total dosage will correspond to an acocuracy
in the nensurcniont of temperature gradient of g 1/16°C; conscquently an

aocuracy of ¢ (05°C in the measurenont of tenmpeorature gradiont can be set
as the dcsired gzoal,

Under lapse oonditions, whore tho terperature gradient is
continuously fluctuating, and where thoro is oonsidernble shorte-period
vertionl turbulencc, it is doubtful if temperature grodient measurcuents
to this dogroe of accuracy boar any significant rolation to the rosults
of an incdividual oxperinont; therofore under those conditions tho accuracy
requirenont iay be mude much less strict. Similarly, undor invorsion
thorc aru variocus ocmplicating effects which sorve to omphnsize that the
abovo mothod of ostimating the accuracy requiremonts sorves only to
prosent o rough idea of tho useful instrumental aocuracy requircmonts
and doos not nooessarily apply to individual situations. Tho uso of
temporaturc gradiont as an ompirical factor for indicating the degree ol
atmosphoric turbulence is in itsclf subject to a large number of quali-
fications, ond in tho selection of rnoasuring cquipment for this purpose
extrame aocuracy mey wull bc sacrificed for a gain in simplicity of the

RPEISATIRAISCIINE D
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" equipment, at least until the actusl field exporiments show that inoreased
instrunental accuracy will lezd to some practiocal improvement in the inter-
pretation of the data,

III. EQUIPMENT FOR THE MEASUREMENT OF WIND VELOCITY

A+ Commonts on Anomormeter Characteristios

The enemoneters available at this station oonsisted of the
following types:

1. Friez ML=-60 3-cup anemometer, with totalizing dial to the
nearest .1 milo of air ond with 1/60 rile and 1 milc electrioal contactse.

24 Priel 339-L 3S-cup anenometer, with megnetio mercury switoh
to give 1 contact per revolution of the ancmoneter,

3¢ The Lane-Wells light 3-oup anomoreter devoloped by Division
10, NDRC, at the California Instituto of Technology, equipped with a
delicate ragnetic ocontacting dovioo moking oontact for one half tho time
of each rovolution of tho shaft and originally furnishcd with a case
containing battorios, leads, and an eloctrical ocounter.

4, The Keuffcl and Essor 6 inch (modol 5967) and 4 inch

" {(model 5958) Biran Ancronoter with totalizing dial graduatoed in foet of
air.

6. The British Moteor No. 4 light 3-cup aneo.ometer with totae
liring dial graduated in foet of air. Tho mechanical characteristiocs of
the Lane-llells anomometor were ovidomtly medo to be similar to this one,
exoopt for tho indiocating mechanisr,

Al though all theso typos wore uscd suocessfully, the 3ecup
eneronoters neking ono contect per revoiution (or modified to make two
or noro) appear the most practical for goneral use; they arc non-
dirocctional and sovoral anomomotors can bo mado to indicate remotely on
sinplo eleotricnl ocountors. The curront notuating those countors oon be
oontrollod by reans of a singlo switch, thus faoilitating the accurate
tiring of tho rooorc from one or nore anomometers and obviating tho

nocessity of approaching the anemometer sterd during the course of the
moasuronont,

The sonsitivity and roliability of those anomonetors is fixed
by +the dolioacy of tho boarings and tho effective area and moment of
tho surfacos exposed to tho wind. Sinco the force of the wind varies
approxinately with the square of tho wind velocity, it is evident that
a four-fold improvemont in tho deliocacy of the hoarinzs will result in
only a two-fold improvenent in the lower limit of wind velocity to whieh
the enemonoter will rospond, and therefore although there is a widu
variation in tho ruggedness of tho difforont anemometers, tho useful

BT RCYIPRRIFORTRSID
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lower limit of wind velocity to which the instruments will respond does
ot vary greatly.

The woight of the cup systoer dces, howover, influence tho
rapidity of respensc of tho anemomotor tc changes in wind velcolity and
also affects adversely the accuracy with which the anemometer will
indicate the ncan velocity of a fluctuating wind.

The duration c¢f the periods cver which it is desired te obtain
an indication of velceity influences the choicc of the proper anemometer
in two weys: one is the linitction imposed by the rusponse period of the
anenocneter itsolf; tho othor is the limitation imposed, on a contaoting
ancmoneter, by the frequency of the contacts. Besides boing fixod initi-
ally by the mechaniccl design of tho anemometer, the frequoncy of the
contacts rust be kopt bolow the noximum rate to vhich the rolays and
eloatrioal counters will respond. This rate is usually loss than 10
contaots por secend and the rate oorrospending to the highest wind
volocity to be enoountored should be kopt well belew this in crder that
roliance will not be plcoed on faulty rcadings.

Tho above rostrictions on counting ratos may be removed by
substituting vorious eolectronic counting arrangerionts for the sinple
relgy and countor circuit, but then the inertia of the rotating part
of tho snouometer comes into consideoration and in addition the natural
fluctuations of wind speed from point to point render scmewhat doubtful
the true significanco of the enhanced time resolution of the anomomater;
for oxamplo, oven with porfoctly-responding anemometers placed 1 moter
apart under ordinary lapse conditions, simultaneous reoadings of less
than cbout 1 ninute duration may well show difforonces up to several
por cont in the fcet of air passing cach position, simply due tc loocal
variaticns in the alrflow pattern.

¥Yhen the anomometers are to be used with theo recording system
about te bo doscribed, still othor faotors must bo taken into considera-
tion, 4t slow poper spoeds a too-frithiul rendition of the most rapid
wind-specd fluctuations will tend to obsoure tha rcoerd by causing the
pen tracec to cvorlap ca itsolf, This mokus the record diffioult to
interprot whon tho wind-speed trace rnust bo avoragod over successive
intervals of tinme, and in ary case does rot add to tho significanco of
the record where a larze croc is to be represunted. For studies of
gustiness und verticcl turbulonce, it will be nooessery to take cogni=-
gance of tho time-responso ‘chcracteristics ef the aneromoter end in somo
casos to choose deliberautely cortoin enemometer characteristics which
moy or nay not bo mot by the equipment duscribed in this roport.

One sinple gyprexinate criterion of the time of responsec of an
anenorotor is the tire roquirod for the pvotating system to coast in still
alr from en indicated wind spoed of 8 mph to an indioated wind spoed cof
2 mph, when tho instrumont is ocquipped with a direct-recording spced
indicator;this tiro must be oorrcoted for any oloctrionl time leg intre-
ducod by the oleotricel recording mechanisn.

RESTRICTED
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When equipmont is to bo transportod and set up in the field

it is ordinarily subjected to comsiderably roughor troatment than it
would receive in the laboratory. In addition, the lighter types of
anerwmetor ocn bo pormanently distorted by being subjected to high wind
velooitios. Thorofore thore is a dofinite disadvantoge in using a nore
lightly~constructed nnemometor thrn noocossary in field equipment, parti=-
cularly whero it may bo left unattended for 24 hours or more and honce
. unintentionally subjected to high wind velocities.

8inilarly tho bearings and contacting mechanism of all the
ancnonetors very in their susceptibllity to dust, amount of maintonance
roquired, and in their ablility to withstend eontinuous exposure over long
poriods of tine., For portable equipment, such os is mainly oonsidered
here, the btulk ond weight of the anemomotur and its associated equipment
rust also bo teken into considoration,

In Table I an atterpt has boon made to sumrarize ell of the
abr7e-rontioned proporties of tho different ancmomotors, based on their
extended uso in portablc equipment for the purpose of obtaining contdnu-
ous wind-spood records. It will bo seon that thore is an inverso relaw-
tionship between ruggodnoss on the ono hend and sonsitivity and spoed of
response on the cther. Thero eppecrs to be a practicnl linit of useful-
ness of any rototing cnomonetor of about 1% mph wind specd. This limit
also applies approxirmctoly to wind vano systors cepable of eontimous
exposure and to unaspireted tonperaturo=grediont devieces. Since wind
specds bolow 1% mph are not usually enecuntorod in field tests conducted
in tho opon, thcro apj:cars to bo rood roason to consider the measurement
of rioronoteorologiocnl conditions ot wind speocds below 13 mph as a

sorarate problem, requirinz the use of an entiroly diffoerent typo of
apparatus.

Tho most satisfactory conpromise among tho anemoneters listed
appoars to ba the Friuz 336-L ananomoter. This instrunent ocan be further
improved by the addition of ¢ scecrd small alnico magnet tn the shaft,
thus aoctuating the hormeticrlly=-socled maznotins mercury switeh tvrico por
rovolution and theroby incrunsing the eflootivo time-resolution. A
further irprovunent oruld bo made by providing additional duste-protection
to the prooision bell-bonring recv eomprising the uppor becring. This
onenoriotor alsc has on essontially straight-lino ealibration curve, thus
allowing tho rocording systum to bo ossontinlly direote-reading over a
wido range of wind-volocitics,

B, Tho Frinciple of Operation of tho Rslay-Type Froquency Meter

Tho most attractivo syston found in the laboratory for direotly
roocording wind volooity has beon tho use of tho rolay-typo froquoncy-
metor (proctienl rengo 10 to 600 eontacts por rinute) with a spring-wound
BEstorlino-ingus Recording Milliarmeter and a 3-oup ancmometer raking
1 or 2 contzcts per rovolution,

RESIRICTIED
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This typo of edrouit, shown in Figure 1, was originally dove-
loped to give on o micronmmoter a visual indication of avorage wind-speed,
and is roforred to by W.E.K. Middleton (page 138, "Meteorologiocal Instru-
nonts™, second edition; University of Toronto Press, 1943) as a condenser
dischargo anemometer. As adapted here for continuous recording in porte
ablo oquipment, it operates as follows (see Figure 1);

When the anemometer contacts are elosod, the relay is energited
and C 1is chargod through the lower relay contact to the full voltage of
Battery B. VWhen tho cnemometer oontacts are opened condenser Cy discharges
almost ecompletoly into the smoothing oondenser Cp (much larger %han C1)
and eventually the charge passes through tho milliammoter. This process
is ropeated for every moke ond break of the anemometor contacts, the
quantity of oleotriocity being transforred cach time being equal to Vy, x Gy,
where Vy, is tho battery voltage and Cq is the ocapacity in farads. e
ourrent through the milliammeter is, then, equal to F x ¥y, x Cy, where

is the numbor of anemometor contacts por second,

Sinee the rosistenocs of the milliammeter is fairly high, the
voltage drop across tho torrinals T will be an appreciable fraotion of
Vb, and C; will not be eomplotely dischaorged if tho millismmoter already
shows a defleotion. Tho oxast formula relating Iy, the current in
rdllionperes passing through the milliarmeter, to F s given belows

I, 21000 C; F Wy
1-0) PRy

Ry is tho resistance of the milliammotor in olms.

The number of oontaots por second sorrosponding to each succes~
sive mile por hour of wind spoed ean be obtained from the enemoneter
oalibration ourvo, millismperos against wind sproed; it is nearly linear,
and ocan bo made to eorruspond in some way to the linos on tho chart
papore. $Sinco tho anomometer will not turn at all bolow a threshold of
lﬁo to 1 mph, tho gero dofleetion of the millicrmeter may be set inten-
tionally a little towurd tho centor from the first chart lino and then
tho unifornly spaccd ohnrt divisions will gorrespond quite well cver the
entire rongo of wind speeds to uniform stops in miles per hour.

The smoothing eondenser Cp must be chosen to be large enough so
that each individual pulse from Cy will cause, oven at tho lowest wind
speeds, only a tolerable wavering of tho recording pem. A much larger
value of Cp will unnecossarily reduco tho speed of rosponse of the system,
tending to givo a weighted time average of the wind speed over tho past
poriod of time.

The over=all speoed of responso of the systom thus depends on
the response~tino of tho milliammoter whon shunted by Cz, whioch must be
made lorgor tho fower the numbor of anemomoter eontacts per sceond, and
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the relation hotween tho inertia of the rotating oup-system and tho
rosultant foroo oxertod on the cups by the wind, It follows, therefore,
that at the higher wind speeds a smaller valuc of Cp may bo uscd than at
tho lower wind speeds, and that the over-all response-time of tho system:
oan bo profitably kept low at the expensc of having the individual ocontaocts
mar the record somewhat at the lowest wind spoods.

The advantage of using this type of system for recorging wind:
speed ovor the method of producing pon-marks on a moving peper for each
anemometor ocontaot (or for a certain number of nnemometer contaots) lies
in the ease with which the record can be immodiately scanned, tho
foasibility of obtaining good time recsolution at low paper speeds, and
tho tremondous amount of work saved in working up the records.

Although for some statistical work the use of electrical
ocounters periodiocally photographed might be expectod to lead to higher
acouracy ond give dirootly by subtraction, after development of the film,
& nuxber which oan be used dircotly, there is ordinarily no indication
by this method of the range of wind-speeds leading to this average number,
and henoc tho information obtained is quite limited. The acourate study
of wind profiles appears to be the primary oxamplo of whore the ccunting
mothod would bo bettor, and hers the sirmltanocous uso of a continuous

rocorder at one lovel at least would add considerably to the volue of the
data,

Tho rango of paper speods covored by the spring-wound Estorlino-
Angus metor fits in quito woll with this system; this range inoludes

popor speods of 3/4, 1 1/2, 3, 6, nnd 12 inches per hour (tho timing cen

be rolicd on to the noarest twontieth of an inoh) and 3/4, 1 1/2, 3, and

6 inches por minute. The chart paper comes in 100 ft. rolls, and the

8«day olock movement end tho inking systom heve shown thomsolves to be
oompletoly roliable over the ontire ranpgc of outdoor conditions encountered.

The minuto=spocds are ocontrolled by a governor, and the chert
spoods are more variable. Therofore somo forn of auxiliary timing is
desirable, and several time checks should be mado during the ocourse of

& runj the neters will run satisfactorily for over two hours without
ro-m!.nding.

Ce The Relay=Oscillator Keop-Alive

Exporionco with the Esterline-Angus retors in the field has
indicatod that far more satisfactory records are obtainablo if in addition
to tho measuring curront a small low=frequonoy alternating ourrent is
passed through the nioving cvil. This "keep~alive" ocurrent, just
sufficient to oausc the pen to tremble visibly, serves to makc the pen
oontinuously assumo its true equilibrium position; if it is not present
the pen will not follow tho rmaxirum fidolity the rapid fluotuations in

the measuring ourront, and partioularly at low paper specds the pen will
move in jJunps.
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The most eoonomical way of obtaining this small alternating
ourrent, of n frequency of from 3 to 10 oycles per sooond, is by the use
of a relay osoillator similar to those developed by R. L. Ives, 1st Lt.,
CWS, at this post. This relay oseillator econtrols by means of auxiliary
rolay oontaots the applicetion of direot ourrent to the primary of a
small transformer the seoondary of which is oonneoted oither in series
with the recording meter or in parallel through a small oondenser and
o resistor of 10,000 ohms or more. Alternativoly the application of a
oontinually reversing direot current voltage, oontrolled by tho relay
osoillator, will aooomplish tho some purposo when the recording milliem-
notor is properly oonnected into tho sirouit.

A diagram of the shunt-type rolay oseillator with transformer
is given in Figure 2, and tho explanation is as follows;

When tho bettory B is first oonnected, oondensor C is charged
through resistanoce R) end as soon as the voltage across the oondonser
beoomos high enough, the rolay armature is pulled down and & pulse of
ourrent is sent through tho tronsformer. Whon the oonneotion at the
uppor rolay contaot is broken, howover, the relay armature is not
imiediately releasod booouse tho ourrent stored in C oontinues to flow
through the rolay ovil. Sinee tho eir-gapr in the magnetio oirouit is
reduced vhon tho armature is hold down, the srmature oan be held dowm
by o ourrent oonsiderasbly smallor than that necessary to pull it down
initially. Finally tho condonser ourrent through tho relay ooil
deoroasos sufficiontly to allow tho spring tension to relocse the arma=
turo, and tho oyolo oan then be roponted,

In praotioce it has boon found that oonsiderable experimentation
is requirod to get o given type of relay to funotion depondadbly over long
periods of timo; the exact annlysis of tho cotion is complioated and -
there aro numerous variations possiblo in tho oircuit dosign. Tho time
the rolay remeins in tho open and elosed positions dopends on tho capacity
of C, the battory voltago, the rolay rosistance, tho resistanoco Ry, the
ad Justmont of tho armoturo-spring tension, and the setting of tho magnetio
air=gap ond rolay oontcots. Tho inertia of tho armature and the rosonant
froqueney of tho condonsor relay=-induectenece oombination appear to have
quite an offoot on tho stability of operation.

In some oasos the sories relay-osoillator oirouit, illustrated
in Figuro 10, has proven sonewhat simplor to get into operating oondie
tiong the timing of tho on~off periods of the relay is unsymmetriool, and
oonsoquontly tho gero of the milliammoter is shifted by a frootion of a
division vhon the keep-alive is oporating. Koep-alives of both types,
at voltoges ranging from 2 to 12 volts and ourronts ranging from 36 to

«8 nillianperes, have givon month-long unintorrupted sorvice, and would
appoar to last indofinitely.

D. The Dovice Used for Reoording Wind Direotion

Tho most prrotionl method found, in the ocourso of this work,
for trenslating tho oriontation of a wind vane into nilliemperes deflection
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of the rcoording milliarmetor consistod of the well=known potentiometer
nethcdes A fixod voltage is meintained betwoen adjacent extremities of
a droular set of resistancos, the position of tho wind vono dotorrines
the position of a variablo contect on this resistor, and the voltage
botwean ono load to this resistor and tho variablo contact is an
indiocation of tho position of tho vano. This voltago is recorded on an
Bstoerline-iingus milliarmeter, which has in serios with it tho proper

resistonco to givo o convonient renge in ohart divisions to thec 360°
traverse of the wind vane,

&8 the wind vane is turnod through its complete traverse, ‘the
voltage varies progrossively umtil tho point is reachod whore the
adjocent rosistor leads are located, at this point the voltage indicator
Jumps suddenly from the high-scele roading to the lowe=sccle reading and
the pen sweops clear across tho papere If the wind direction varies
rapidly baok and forth across this point, the record becomes somewhat
cbsoure, espoeclially at slow peper speods, but this point can always be
ocriented toward the least likely wind direction.

The rosistonco ring may consist oither of a sot of fixod
oontacts, corrosronding to a dofinite numbor of steps in wind dircction,
or olso of an annulus continuously wound with resistance wire. Dovices
of the latter type, manufecturod as comploto assemdlies for remoto
rocording and indication aro corricrcially obtainable (Elcotronics, 18,
No. 7, page 346, July, 1946); in ono ceso only 2 gram-millinmeters of
torque are roquirod to overcome tho contact and bearing friotion,

In ordor to have strict proportionality betweon direoction and
milliomperos indicated, tho current dravm by tho rocording metor rmst be
small compered to that passing through tho resistanco, or in othor vords
tho rosistance of tho milliarmotor and tho resistor in sorios with it
should be at least 20 times that of the resistonco ring. For best
responso, tho total rosistanco in sorios with milliarmetor should bo
nbout oqual to tho oxtormal oritical danuping rosistanoc of tho milliame
notors for maxirmm dbattory oconomy, howover, some doviation from linearity
and somo ovordanping of tho rilliarmotor isusuclly allowablo.

It was found that a system recording wind direction to 16 steps
(ocorrosponding to N, NNE, NE, ENE, E, otc.) was adoquato for most purposes,
and that 8 directions sufficod for vorification of forecasts and some
cthor recording purposocs. In studying the rocords, there was sono
oadvantage in having thom already brokon up into definite stops which
oould be nore easily followod on the rocord, particularly if the stops
wore not quitoc uniform or if thore had becn a change in battery voltage.

Thoro wero alroady availablo to the laboratory several Frieg
363-C wind wanes, and thorofore thesc worc adapted for recording rurposes,
Those wind vanes consist of the vane proper, to be placed ona veortical
shaft on which was mounted 2 cam, end a pipe bearing on the upper end of
which is mounted a ring of 8 ocontacts, corresponding to 8 wind directions.
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Ls tho vano turns, ono contaot is olosed, then the next contaot clesed
without oponing tho first ono, thon the first conteet opened, etc. so

that a ring of oight lights (corrosponding to N, NE, E, ete.) will indicato
16 direotionsy ee.ge if N and NE are both lightod, the direction is NNE.

By rcane of the rosistanece assembly shewn in Figuro 3A, this
systan wos adapted to record rather than indicate, and to eover the full
16 direotions rather than only tho 8 that tho simplo potentiomotor eircuit
would aecomplish. Tho rosistonces Ry, all oqual and low comparod to Ry,
forn the simple potentiometer cirocuit, and tho branches R, te tho vone
oontocts servo te moke tho voltage at the contects half-way betwoen that
at two adjaeont junctions of Ry. Howover, when the oonnoetion to Xi
is nade simultaneously to two adjaeent direction ocontacts, the rosultant

voltago is very nearly half-way in botweoen that reeorded by either
ocontaot alene.

As drovm, for examplec, and usod with & chart-paper with 10 large
divisions eorrosponding te 1.0 millimmpores full sealo, tho calibration
noy bo adjusted as follows, taking the veltago betwoen Xz and Xo3

NE, «05 ma ENE (eontact made to both E and NE), .10 ma; E, .15 maj
ESE, +2 mo SE, .25 ma; SSE, .30 ma; S, 35 mag SSW, .40 noj
SW. .45 ne; 'i. « 50 nag W, .55 mag mf."t', «60 nes NW, «65 nog

NNT 470 na; K, 75 ma; NNE o4 ma.

Then tho veltage is measurod botwoon Xsond X; (this is
acoomplished by turning switch SW, in Fipgure 4 from position 1 to position
2) tho dofleotion should bo .8 ma; this adjustmont can bo nade by proporly
sotting the rheostat Ry of Figure 4.

It will be observed that the curront-indicotion for NKE is the
sxo as that of SSW. This soldom causes confusion sineo with a wvariable
wind the 4 ma indicatien is opproached in ono oase by a sories of steps
and in tho other case by a sweop nearly half=-waoy aoross tho chart papor.

Tho assombly of resistors R} and Rz is oompaetly mountod diroctly
undor the vano contacts, as shown in Platos I and IV, thus only 3 loads
aro roquirod from the instrument-box to tho vano=head. This system has
anocther advantage in that a feiluro of ono of the contacts is indicatod
by a zoero deflootion of tho milliarmeter, whieh does not occur fer ony
true direction. A further diseussion of the eircuit oonstants and

design is contained in Soetion V of this report, whore the completod
instrunmonts are doscribed.
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E. The Vaouun-Tube Froquonoy Meter for Use with tho Photoeleotrio
Cell and Intorruptod Light Boan

In ordor to mako full uso of tho good timo-rosolution of a
lightly-constructed rotating anomometor, tho froquonoy of pulses rosulting
fror: tho rotation of tho ancmometor must bo highor than can bo handlod
satisfactorily by an ordinery rolay. In this caso a vacuum=tube
froquenoy moter can be usofully ormployed in the froquonoy rango of from
10 oyclos to many thousand oyoles por sooond. The dosign of one such
instrumont is desecribod in Roich: "Thoory and Application of Elootron
Tubos" (McGraw=Hill, 1939). Othor methods of obtaining ourronts oithor
diroctly proportional or logarithmically proportional to ;ulso frequoncios
aro conteined in tho litorature on radioaotivity measuremonts.

Tho instrumont doscribed in Roich (soo this book for tho
original referonco citation), was modifiol for use with a photocoll and
Biram ancmomotor, and is shown in Figuro 7. A furthor disoussion is
givon lator in this roport (Scotion V) but tho poneral workine prinoiple
con bo givon as followss

Tho 1H4-G triodo on tho loft hand serves to emplify tho
intorruptod photoooll curront, produeing in cach of tho transforncr
sooondarios first a positive pulsc and thon a negativo pulso ouch tine
tho light falling on tho sonsitivo plato of tho photoocll inoroesos to a
niaxirun and thon falls off to 2 rinirum. Tho socondary connootions are
arrenzod in such o way that whon tho ;ulso is positive on tho rrid of
tho lover 1H4-G triodo (on thc right=hand sido of tho drawing), it is
nogativo on tho grid of tho uppor triodo; thoso rrids are both hoavily
biasod nogetivoly by moans of tho battorios B, and Bg, Bg so that tho
vaouunm tubos norrmally pass no platoe-ocurrent a% all; ?ron tho polarity
of tho pulsos it cah bo soan that during a sucoession of pulses, first
ono triodo and thon tho othor becomos conducting,

vhon tho lowor triodo bocomos conducting, Cy becomos chargod to
tho full platc voltago, and this charging current nlso passos through
tho milliczmotor. ‘hon tho upper triodo bocorios conduoting, tho condonsor
Cy 1is discharpod, and thus boocmes roady for a ropotition of tho ‘cyole.
T}AO sinrilarity of this oircuit to that of tho rolay=typo froquonoy notor
is apparont, and tho approximatc formula is tho semos '

Im-FxV-bxcl,

whoro F is tho numbor per socond of tho intorruptions of the light beam
by tho anonomotor blados, Vi, is tho battory voltego, and Cy is ocpaoity
of C; in farads.

In prootico, €y can never bo complotoly chargod and discharged
through the triodos, bocauso of thoir hizh impodanco at low plato voltages,
but 1f tho capaoity Cy is small enough, and tho froquonoy F is low enough,
the ourront in milliamperes is closoly proportional to F ovor a wide range
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of frequency. This straight-line range oan be extended by selecting
low=impedance tubes ond by roducing the ccpacity Gy and inoreasing the
voltago Vy, proportionately, or by incroasing the sonsitivity of the
milliammeter. In practice, tho calibration seems te bo essontially
indopendent of individual tube oharactoristics, and independont over a
wido range of the exact woltage of the pulsos in the transformer secondary;
they rust merely exceod a certain minimum walue.

The lowest useful frequency is largely dotermined by the
ineffiociency of the transformer in reproducing slowly~varying pulses
and by the wide sweeps of tho roecorder pen whon tho frequoncy becomes
low enough to coincido with the natural periocd of the moving oeil.
Pulse froquenoios abovo about 20 oycles per socond do not disturdb the
average DC roading of the milliammeter.

The ohiof advantage of the photoeleotric system is in the
absence of & large smoothing condeonser across the terminals of tho
milliammoter and consequent increase in tho timo=rosponse oharacteristies
to thosc of tho millimmmeter itsolf. For lightly-constructod rotating
systans tho absonco of all forms of delicate oloctrical comtacts greatly
sinplifies tho construotion of the anormomoter and increasecs its
reliability; tho ontiro cost of the photoeleotric circuit and its
accessorics reprosents only a fraction of tho cost of tho doliocato

machine work otherwisec necessary, espeeinlly when tho instrunents ore
not nass=produoed, '

Another intorosting application of the vocuum=tube froquonoy
meter to mioromoteorslogical problems is in tho study of the rate of
deflootion of horizontal and vortioal vanes, This can bo accomplished
vory sinply by plaoing on the rotatable shaft supporting the vanc o
disk or scotor oontaining a serios of perforated holes, which thus allow
flashos of light to striko the cell as tho vano defleots to and fro.

The output of the frequenoy motor, possibly smoothed by a shunt condenser,

will thon be rroportional to the rate of chango of the angle of orienta-
tion of the wveno.

This quantity bears an intoresting rolation to the atmospheric

turbulence, and may be a useful adjunot to the tomperature gradient
obaorvations,

F. A Direot Rocording Approximate R=Valuo Dovice (Ratiomotor)

. A moro fundamontal index of atmosphorioc turbulence than is the
temperature gradiont, continuous records of the R value nay in some
casos prove a valuable supplonent to other reans of measuring turbulence.
The R value (uncorrootod) is usually considerod as tho ratioc of the wind
speed moasured at 2m hoight to that measured at 1lm height., This is
ordinarily neasured by rumning simultancously two totalizing anemometers
for a dofinito poriod of time, translating thoir indiocations inte miles

poer hour or feot per minuto, and dividing the 2m velceity thus obtained
by the 1n volooity,
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For bost quantitative use, thoso moasuremonts rust be accurdtoly
made, as a change in R wanluo (over smooth ground) from 1.10 to 1.20
cocrosponds roughly to a chango in temporature grodiont from =1°C lapse
to #1°C invorsion. For some purposes, howovor, an autonatiocally continu=-
ously recorded R veluo aocurate to only & 2% unless oorrocted by a
oalibration ourvo, will provide interosting information.

Tho autonatic dovico for rocording R value measures R upon the
following principle: Vhen tho 1 meter countor has moasured 100 counts,
tho excoss counts on the 2 moter countor cives tho docimal to be addod
to 1 to give tho true retio of the revolutions during this period of
time of tho 1 and 2 riotor anomometors. Booauso of tho nearly straight-
line ocalibration of the anemometers, this ratio is vory noarly that of
tho feot of air rtassing tho cnemometors, at locst for R values loss than
about 1,403 it oan bo correotod to i:ivo tho truo R value by neans of o

calibration table involving the approximate average wind velooity during
the perivd of moasuronent.

The elootriocal oirocuit for automatioally moasuring and
rooording sucocossivo values of R by this mothod (with a 5§ socomd "blank"

interval botween each measurament) is illustrated in Figuro 7. It
funotions as follows:

Tho impulsos from the 1 motor anemomoter actunto the In
countor (whore 100 ;ulses produce 1 rovolution of tho incex noedle) and
the rolay Y33 bocauso of tho condenseor-limiter oircuit, ocontaining Cy

and Ry, Relay Yz is actuated for a small frrotion of a second only,
regardloss of tho durztion of the pulse from tho lm anemomotor. Each
 tine Yy is aotucted, tho charge from oondonsor Cg (charged to a dofinite
voltege by Bl) is transforred to Cge In a sizilar manner, the charge
from condenser C, (oxaotly equal but of opposite sign) is transforred
to Cg for each ulso from tho 2m anemomoter. Tho resultant oharge of
Cg, and hence tho voltzze aoross its ternincls is, then, vory nearly
proportional ot any time to tho €@ifferenco botwoon tho numbor of pulsos
ocoming fron tho 2m and lm anemomotors.

“hen 100 ;yulses have becn rooceived from tho 1lm anomometor,
the oontacts on tho lm counter aro closel, and Relay Yg is aoctuatod.
Because of tho time=delay oirecuit Cg, Rg, this rolay ronains down for a
period of about 5 sooonds, During ghis tino Relays Y, and Yg are also
actuatod, ond as a rosult the lm end 2m ocuntors and relays g and Y,
no longor respond to the sonteoting of tho ancmomoters, end tho vaouum-
tube wvoltnotor, VTI, VI, oto., reoords tho voltazo aoross Cg by tho
moximum excursion of the ;en of the Estorlino-.ngus nillizmmoter.

During this period, a veltare is also appliod to tho oirouit
of Relay Yg, but this relay does not closo irnediately booause of the
time~delay oirouit Cyq, ﬁ; Vhon this rolay does close, howevor, tho
torminals of Cg are short-cirouited, and tho E-i milliamnoter deflootion
roturns to the veluo corrosponding to R w 1,00, A4t tho ond of the
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S=-seoond intorval dotermined by the time-dolay of Relay Ys, Relays Yg,
Yy, and Yg are de-omergiszed, and the ocounting oyole is resumed. The
"envelope of the excursions of the E-A milliammeter pen then reprosents
the R«Value, and if chart paper with 10 major divisions is chosen, the
gero indication of the vacuum-tudbe voltneter set at O milliemperes,
and the volues of By, By, C3, C4, ond C¢ are proporly solected, tho
ocorraspondence of the moasured ﬁ value go the milliomperes doflection

will be as followsy R = 1,00, 0.0 maj R w 1,10, 10 ma; R w 1,2, 20 maj
R w 240, 1,0 ma,

The oirouit cohstants corresponding to Figure 6 are given in
Scotion V of this report, tut a further detailod discussion of tho oireuit
is not given since the dovice is of only secondary intorost and in its
oconstruotion the working details soon make themselves apparocnt.

A direoct ocalibration of tho dovice under working conditions
ocan be made by rocording the lm and 2m ocountor roadings during oach
pause and comparing them with the millicmmotor readings. This millieme
metor should be connected also to a keep-alive, so that the pon may fol-
low acocurately tho momontary milliammeter curront. Despito tho large
numbor of rclays involvod, the device provod highly preotical for the
purposo intondod, ond tho daily record of the courso of tho R value could
be oasily followed on the chart as soon as tho chart was unrolled.

IV.. THE PORTABLE FHOTOELECTRIC GALVANOMETER FOR TEMPZRATURE MEASUREMENTS

&e Genercl Remarks on tho Usd of Thermocouplos

Although meroury thermometers of various kinds have been used
in skilled hands very succossfully in miocrometeorologiocal work, thore is
& definite noed for improved methods of recording temperature gradient,
and to a somowhat lessor extent soil-surface and air temperaturos.
Rooording oquirment basod on various liquid- and solid=expansion
principles leave rmch to be desired in that they are slow in response,

usually of insufficient accuracy, and quite dclicate if sufficiently
sensitive,

The simplest and best eleetrical method for tho moasurenermt:
of these temperatures was found to be the use of thermoecuplos, single
or mltiejunction, with a sensitive remote indiocating or rocording
millivolt motor. For tomperature zradients, an instrumental renge of
2,69 invorsion - 0 = 2,69C lapse has beon found to bo suitablo for
gradients betweon tho 2 meter and 1 meter heights, and the rangs 69C
inversion = 0 = 50C lapse for gradionts botween the 2 meter and 0,3
metor heights, For surface and air tomperatures an ovor-all rango of
100°F is satisfootory. Tho rocording instrument should have an.ovorsall
agouracy of at least g 2% of the fullescalo dofleotion, and the tero-
point should be stablo to within & 1/2% of the full=scalo defloction,
elthough in some cases this acouracy might be saorificed for portability.
Although there is a wide range of choico in cormoercially available
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millivolt-meters which are satisfactory in other respects, as far as
known here these all require considerable power, commonly from 10 to
120 matts at 110 volts go cvcles, for their operation, Therefore in
the interests of batterr-economy and indenendence from an external
power supply special units recording on & spring-wound Esterline-Angus
milliammeter were designed in the laboratory. Despite the sensitivity,
ruggedness, and economy in battery-drain of these instruments, their
electrical characteristics compare very favorably with those of any of
the 110 volt commercial instruments known here,

Other means of measuring temperature gradient, such as the
use of resistance elements with electrical recording, suffer by com-
parison with thermocouples in that the measuring element does not follow

he t ir.-t ature, and that the accuracy of
:.ep:}':::l:e'}.gm:ntnilg ihgseaggsxi‘ces must be such that over g. wide range of

temperatures, neutral conditions must be indicated correctly to within
some ¥ 1/15°C; with good thermocouple wire these conditions are autow
matically met, and the elements are easily reproducible, By careful
attention to details the usual objection to the use of thermocouples,

i,e, that the electrical equipment and technique required for use with
them is too delicate, has been overcome,

B. e Principle of tion of the omet

Portable low.resistance microammeters and galvanometers of
either the reflecting or pointer type are obtainable with sufficient
sensitiyity to give a satisfactory indication of temperature gradient
when a thermocouple of several junctions is used. Since these instru-
ments respond to the current passing through them, the total resistance

of the tircuit must be adjusted and kept constant if a given number of
scale divisions is to always represent one degree of temperature,

These instruments may be modified and used in conjunction with

a recording milliammeter in such a manner that the combination records
in terms of temperature nearly independently of circuit resistances

below about 50 ohms, Circuits for accomplishing this are showa in
Pigures 8 and 9. Referring to Figure 8, the two 6SJ7--G pentodes
together with Ry and Ry form the arms of a FTheatstone bridge, with the
recording millinmmeter connected between the two plates and the emf,
applied (positive) to the junction of R3 and R, and (negative) in
series with to the two cathodes. serves to provide a negative

biasing voltage drop to the two grids, thus keeping the average plate
current at the proper operating value for the two tubes.

The small flashlight buld serves to illuminate the photocells
with a rectangle of light which, for the zero reading covers about
half of each photocell plate., Good efficiemcy of illumination is

obtained by the use of the condensing lens, which forms a real image
of the filament on the surface of the galvanometer mirror. The lens
in front of this forms the rectangular spot of light on the photocell

plates by imaging the sharply defined aperture in front of the
condensing lens,
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With the emf, input terminals short-oireuited, the zero-setting
knod of the galvanometer is adjusted untlil the light intensity falling on
the two photocells is equal, as indicated by a zero deflection of the
milliammeter, which occurs when the plate-currents of the two pentodes
are equal, These plate currents are governed by the photocell currents
flowing through R, and 115, the voltage drop acting on the grids,

When an emf, of, say 1 millivolt, is now lied to the input
terminals, the gnlvanometer will deflect, lhifting!{ge light spot so as
to increase the 1light on one photocell and decrease that falling on the
other, This causes an urbalance in the bridge-circuit, and thus a current
flows through the milliammeter and Rg in series with it,

The connectiocrs are such that the voltage drop across Rg due to
the milliammeter-currcrnt opposes the input emf; consequently the galvano-
meter deflects only iust enough for the current through Rg (originating
from the light-unbalance on the photocells) to be nearly equal and
opposite to the inpui emf,

If Rg were ande equal to zero, the photocell-vacuum tube-
milliammeter would ba serving uerely as a device to greatly amplify the
galvanometer deflection, since a shift of onlyr a few millinnoters in the
position of the lignt spot would then serve to change the milliamncter
cwrent from zero (light on the photocells balanced) to the furll scale
reading of 1 milliampere, The voltage drop across the galvanometer to
produce this would, for example, be only about ,02 millivolts,

If. Rg is made equal to ,98 ohms, a current of 1 milliampere
through it would wrodiuce a voltage drop of ,98 millivolts, and, as
before, the voltsze drop across the galvanometer would be ,02 millivolts,
so the total impressed input voltage to give this deflection would have
to be 1,00 millivolts; the milliammeter reading for smaller input emfs,
would be proportional provided that the wltage drop across the galvano-
meter coil was even aporoximately proportional to the residual deflection,
If the galvanometer resistance were 20 ohms, and the external resistance
(e.g. the resistance of a thermocouple supplying the input enf.) were,
say, 10 ohms, a curreat of ,001 milliamperes would flow through the
galvanometer coil in order to nroduce the residual deflection, and an
input emf, of 1,01 millivolts would be required to produce a 1,00 millivolt
indication on the millismmeter,

The above consideration serves to show how nearly the photo-
electric galvanometer becomes a potential-operated device, If Rg is
decreased to .18 ohms, the full-scale reading of the milliammeter cor-
responds to ,2 millivolts, and the effect of adding 10 ohms series
resistance to tne input emf. circuit will be to decrease the reading to
.18 millivolts, In this case the calibration has been made more depen~
dent on the value of the external resistance, and on the linearity of
the residual galvanore*er deflection, for the sake of increased
over-all sensitivity,

RESTIRBRICIED
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The figures givon abovo arc quito roprosontative of the porforne
moo of tho opparntus to be desoribode The galvonomotor itsclf, usocd as
a doflcotion instrumont with an oxternal rosistonco of 10 ohms, will
require about 500 micrevelts for a full scale dofleotion and will have
& rosponso time of about 4 sooonds. Booauso of tho nogotivo food=back
foaturos of tho circuit in which it is uscd, tho ontiro rosponso~time of
tho roeording photoolectric golvanemetor is only a triflo more than ono
sooonds Tho galvonemetor coil does not swing frooly booausc as soon as it
doviates from its equilibrium pesition, tho current through Rg changes in

such o manner that the voltarce inpressod on the ceil fercibly returns it
inte belance.

Tho above principles were firat used by the “jeston Electrical
Instrunent Co. in their 110V operated Gelvonomotor /mplifior, and similar
applioctions hnve since boen dosoribod sovernl timos in tho literature.
(B.g. E. V. Pottor, Eleotrionl Engincoring: 63, 5, p. 175, Moy, 1944 and
Gabriel khsset, Eloctronics:s 18, 2, p. 126, Fobruary, 1945.)

Tho distinotiveo fenturos of tho photoslectrio galvanomotors
describod in this ropnrt lie in tho low current-consurption of the
illuninating bulb and vacuun tubes, the use of ruggod portablo galvano-
netors and mioroarmeters of standard design, ond in tho tolerance of a
oonsidorably groater residunl defleotion ef the gerlvonemetor than is
ordinarily used. ‘'.ith thermecouplec circuits, vhore tho rosistanoco of
all couples oan be rpproximatoly centrollod by neroly cutting off tho
sene longth of virc for each couplo, the aceouracy is not appreciobly
impnirod even if 10,: of the voltaogo to be riecsured is used for tho
rosidunl deflection of tho gnlvenemetor; this allous the uso of o less
sensitive photoocell-anplifior systen and r.ckes for :oro stable performanoce
without recourse to the use of spocieally constructed gnlvanerioters,

There iz, honevor, ene draw~back te the z'ove schone which

must be borne in mind in the field usc of the equipment: If an input

enf, of sevoranl tines tho full~scale velue is npplied to the tarminals,
the current through Rg will net be sufficient te oppose this exf, and the

light spot will be threwn complotoly eff tho photecells. Once this
" happens, thoe light spot cannot return unless tho urmplifying systen is
momentarily shut off; thoroforc some latitudo must bo allowed in

deoiding on tho full-scolo reading, It so happons that for tho taemperoture
measurotents referrod to, it is not diffiecult to estirnnte tho naximm
readings expocotod.

The finel calibration of the instrurent, usually in torms of
degroos per chart-division, is nado empirically by adJjusting the length
of the resistcnco-wiro eomprising Rg until the proper recding is obtained
in tor::s of tho known tempernture differcnoe of the twe onds of a
thernooouple wire, Tho bost grndes ef thermeocouple wiro are se uniforn,
and give so noarly a straight line calibration of emf. 2gainst temperature=-
difforence, that for the purpesc intended here it is satisfrotory to assume
& ocenstént eaf. per degroe, mocsured at an averago temporature of 70°F,
over the entire rango from 30 to 130°F,
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In the design ond use of those photoolootrio galvanometers,
oconsiderable leboratory and field experience rust be gained in order
to establish the proper tochniques of operntion, tho proper ranges and
sensitivities to employ, and tho ostimation of the truo nocurnoies obtained,
For exemplo, tho usc of shaded fino-wiro thermoocouples in the noasurement
of tamperaturo gradiont grently simplifios the equipnent as oompared to
the use of heavily-construotod aspirated stands. Hovwever, sinoe considerable
oontrovorsy has been raised over tho validity of the uncspirated mocsure-
ments nmado undor the different moteorologioal oonditions, it would be
unwiso to rely on a porticulcr instrumont for these roeasurenonts without
interconparison with other instruments. The oxperimental work undortoken
here indioates that under most oonditions a simplo shade oonsisting of
two aluninum disks above the oouple and ono belorr, arranged to offer
minimm resisiance to tho. eir-flow and minimum hoat-oonductivity to the
support, givos almost identiocnl results at wind volocitios above 1% nph,
with thoso from & hoavily aspiratod stond, oxcept undor strong lapso con-
ditions, In this oase there is saore doubt ns to the ocuso of the
disorepoanoy and from a praotical stondpoint exnot reasurorents undor the
continuously=-fluotuating lapso oonditions nro of far less inmportcnoo than
undor neutral and invorsion oonditions,

Similarly, in tho measurement of soil-surfnco temporatures, it
hes been oommon praotice hero to cheok the rocding of tho oouple whioh
is 1lcid in close oontaot vith the ground by taking comparetivo rendings
with eroury thermometers, both of the surfoce tomporoture and of the
tenporature of water in a Dowar vessel, In cddition, moxirmm and minimum
thermometors aro sometinos left et tho rocording stotion, Thus, as little
as possible is tckon for granted about tho performanco of any singlo
instrunent, and occrsional difficultios are antioipatod and correotod
before the trouble con soriously influenco any fiold results.

Ls an exanplo of tho cdvantogos of such ¢ prooeduro, the following
insident will bo relatod;

Shortly after tho instcllation of a recording photoelootrio
golvanonmetor for tho moasureriont of soil-surfaco temporaturos, it vas
found thet although tho thormometer cheoks mado during tho doy-time
were satisfactory, the minimun surfaoce=torporature rocorded at night
was highar thon tho minirmum roocorded air=temporature, although a good
inversion had dovoloped during the night. Tho cventunl oause of this
trouble wes traced to the fanot thet the surfaco of tho soil inorocased
in elootrionl oonduotivity with tho nightly inoroase in rolative
hunidity, and that both tho storago battory operating the filanonts
end the thorrwvoouple mado good eleotrionl contaot with the ground., From
the diogram in Figure 7 it is apparent that thero is o potontisl of somo
90 volts betweon tho storage battery and the thermocouplo. The leakange
ourronts thus produced at night affectod tho galvanorietur, and when the
storago bettery was proporly insulatod from tho ground tho troublo
disappearod. For this recson it is alvoys desirable to ospooially
insulato tho filamont-hoating bottory and to use it for no other
purpose, such as furnishing curront to tho wind=spoed and direction

dovioes,
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The entire cirouit leading to the input omf. terminals should
be tested for tho ¢ffeat of stray thormoelectric emfs. In some cases
rather choop symmetrically-constructed multipoint switches wore found
to be sotisfactory while more expensivo ones, probably containing nickel-
silver contact springs, were found unsuitablo. Very little troublo has
been cncountored in this rogard, however, ond in a typical test tho
photooloctric galvanometcr with the far end of the input leads shorte
oirouitod wos left running unattended for o four-doy period during
cloar winter woather; the entire deviation of the zoro-rcading from all
couses never oxceeded 1/2% of the fullesctlo roading.

No sorious difficulties were encounterod in tronsporting and
setting=up the above equipment in the field; many times it was transported
evor miles of rough rond in a jeep, with only o small leyor of exoelsior
or newspapor to protect it from the jolting, although such rough treatmont
oortainly is not to be rocommended. It indioates, howovor, that these
instrumonts cannot Jjustly be accuscd of being "loboratory instruments
only, too delicate for use in the field",

v. DETI;ILS OF CONSTRUCTION OF THE ! ICROMETZ(T:0LOGICAl. EQUIPMENT

A+ Goneral Reriarks on tho Choioe of Components

a8 indicated proviously, the initinl decision was :'ado that all
the equipmont should bo battery-operatoed ond of maxirmum portabilitys
this decision and thc dosire for mexirum reliability aro tho chlef factors
in the idenl choioo of tho compononts. Bocauso of the war-timo diffioculty
in obtaining quickly many of the parts oconsidored most suiteblo, in mony
onsos the idoal design was modified to mcko use of components alrendy
at hend, Evon vith an unrostrioted choice of corponents, considoroble
thought must be devoted to the propor solution of o largo numbor of esmall

problens having to do with tho oonsistent dosign of c group of those
instruments.

The cholico of tho batteries to uso is one of those problems.
For low=voltage purposes, dry colls 111l function satisfactorily without
cxcessivo voltago drop whon tho dischargo rato is such that their
sorvice-lifo, colculated from tholr approximato ampore-hour ccpacity,
exceeds 800 hours. They start to freetc, howevor, and booorme rathor
unscetisfactory, at sustained tomporaturos tolow 20°F, and unless the

ourrent drain is much less than the limit indicatod above, lecd-acid storage
batterics will have to be used,

The standard No. 6 dry cell and tho 6 volt "hot shot"™ typo igni=-
tion battory (such as tho Burgess Uniplox y4F4) may bo countod on to
supply ot lov current-draine cbout 40 amperc-hours of usoful 1lifo, so
for oontinuous rocording purposes, they mcy well supply averago currents
up to 60 millimmperos. A4ll dry-colls, of course, can equally well supply
for short intervals currents of perhaps 50 timoes thoir ratod continuous
copacity, providod thct betweon cach discharge poriod thoro is o rest
intervel long cnough to roduce the average curront ovor the wholo time
to o value below the continuous rating,
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The standard-sizod flashlight cell (the type D cell, about 2 inches
" high by 1% inches in diomotcr) hns a capacity of about 4 ampere-hours,
indicating a practicable continuous current-drain of about 5 milliamperes.

When continuous currents higher than those stated above are
required or whon extremoly low temporotures are oncountored, storage
battorios aro dosirable; the greater constanocy of voltege output is an
additional advantago when they aro used with the photoolectric potontice
moters and wind dirootion dovioes. Tho 120 amporo-hour good=-quality
" automoblile storago bettory gave excollent scrvice ovoer a period of a year,

and was the largest typo employed, as tho hoavier battorios wero considered
no longor portable., JAnothor typo of storago battery, which appears
ideally suited for continuous rocording purposus, is the Willard Charge-
Retoining storage battory, produced by the #Willard Storago Brttery Co. of
Clovoland, Ohic. This battery is ospecially oconstruoted to doliver
small ourrents for pericds up to o yoar without tho necossity of
ro-charging vhereas normally tho load=ncid storago batterios should bo
recharged every thirty days whethor used or not. Onetype of 6 volt
Chargo-Retaining storage battery, typo CR=2=3, of sbout tho same physiocal
dimensions as 4 No, 6 dry ocells in serios cnd of the same capacity,
40 amperc hours, wos usod extonsively for ovor a yoar in o windespeod
and dirootion recorder having a continuous ocwrrent drain of ,08 amperes.
Tho porfornaonoe wes such that, dospite tho inconvenlienoc of recharging end
keoping the oxterlor freo from sulphurio acid, the cdoption of this type
for all-wenther ocontinuous stations is strongly rcoommendod.

In tho selecotion of releys for koop-alivos, reley-typo frequency
metors, and as light duty power-relays, tho most oxperienco was gained
with throe different typos. The Advance (..dvanco Kaley Co., Los ingeles,
Colifornin) Serios 500 double~polc double-throw relecys vore used
sucoessfully for keop=-nlives and in relay=type frequenoy moters con=-
trolled by tho Friez 339=-L anenonotor. .lthough those relays aro
supplied for 6 volt oporation at & ourront as lov: &s 6 millismperos
(ocoil resistanosc, 1000 ohms) tho relays for use with the 339-L anomometer
had a more rapid rosponso timo vhen chosen vith r. 250 ochm coil (operating
ourrent, 24 nilliamporos) and workoed bost as rolay oscilleotors with a
160 ohm coil (oporating current, 40 millicrperes). Since tho relays in
these olrcuits werc droawing current only cbout L/5th of tho total time,
tho tattery-drain vas still quito low and yot they wore oxtromely stable
in operation bacoause of their roro positive charnoteristios, as compared
with the highor resistanoce relaoys.

For use in the plate=-cirocuit of smell battery-opereated vacuum
tubes, the .idvance Series 850 single=polo double=throv rolay porforned
very satisfaotorily after tho initial adjustment, as leng cs tho operating
oonditions wore hold constant. i/ith excess current in tho relny coil,
the high-pormeability ocores would become permaonently magnotizod and unless
demagnetizod agoin by the appliocation of a diminishing AC ourront, the
characteristios would gradually ohange, requiring continual roadjustmont
of the rolay contoots, air-gap, and spring tension. These relays had
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a ooil resistance of 10,000 chms ond would operate roliably on ourrents
a8 low as one milliompero.

Tho only relay found that would work well with the Lane-.iells
onomometer wes tho rolay originally furnished with it, a Sigma Model
4AP 2000 ohm, 3 volt, rolay (Sigma Instruments Co., Boston, ¥anss,)., 4&in
attempt was ncdo to uso instond for this purposo en s.dvonoe typo 8560
10,000 ohm reley on 22} volts with o spark-supprossing oirouit. In spite
of tho complete laok of a visible spark (as obsorvod with a megnifying
glass in o darkened room) when tho oonncotion to this rolay vas made
and brokon, after sevorcl days oporation the polishod oontaots of tho
Lane-ilells anomomoter showed mcrked pitting and tho functioning of the
anemomoter and rolay oombinetion started to btocorio unroliable. Tho
S8igan roley, howevor, proved entiroly satisfootory zs long as sparking
producod by the load on the relay oontrcts was roduoed to a nminimum,

The high voltage supplios to the rolay-typo frequonoy-meters nnd
photoolootric gclvanometers were usually rade up of Burgess No, 2308 45
volt batterios of o nominal oapacity of 4 mmpere hours, liith c mexinum
current-drain of 2.5 :ailliamporos, thoso battorios gavo good rosults even
when ninimum air=temperoturcs bolow O9F woro encountored for sevoral
suocoassive nights at a time. Moro compaot arrangements oould have boon
seoured by uso of snaller sizos than this; for tho relay=typo froquonoy
metors whoro tho maximum drain would only bo 1 milliompero and the averago
ourrent drain perhaps 1/3 of this, tho use of tho smallost sizo 67& or
46 volt battories, of 1/2 to 1 empore hour capacity, soens feasible, The
shoelf-1ifo of these small battories, vhilo probably less then the largor
sizes, has boon ruch improvod in recont yoars and thoir performence on a

weight-basis as oomparod with the lergor bhattorios is bettor than would de
oxpootod, .

Tho vacuum tubes doalt with rangod from the 1} end 2 volt low
filenont-ourrent types (.50 and ,60 anperos) to tho stzndard 6 volt
oathode hoator typos (ourront ,15 omp. and .3 amp.). ZXlthough tho
cathodo heator typos worc supposodly roro rugged, surprisingly onough no
tube failures of any typ woro oncountorod dospito oonsidorcblo unneces-
sarily rough troctnent of oquipment containing tho 13 and 2 volt tubos.
Thorofore the chief valuo of tho 6 volt typos lies in thoir usually
superior anplifying oharnoteristiocs and in an inoroasod floxibility of
dosign sinco tho cathodos mey bo oonncoted indepondontly of thoir oormon
filameonts. In the vacuun=~tube froquoncy roter, for oxamplo, tho 6 Lb=G
6 volt <15 ompero cathode~hector tubos oould bo usod with c cormon filament
battery; thoy gave somovhet botter results then tho 1 Hé=-G (2 volts
+06 ompere filoments) shown in Figuro 7,

Although thore is some advantego in stondardizing on a 6 volt
systenm becouso this is also a standard voltogo for oounting relays end
tho chronograph pens on the :storlino-/ingus recording millimrmotors, there
is & pronounocod advantzge in battory-oconomy in tho uso of a 2 volt or
$ volt systom with tho 1% volt or 2 volt vacuun tubes.
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' For the illumination of the photocell systems, 2,2 volt and
8.2 volt flashlight bulbs gavo oxocollent sorvice. Thesc are loss
long=lived then the & volt automobile hoad~light bulbs ordinarily used,
but by running thom at about 60% of their ratod voltago in efficient

11luminating systems, thoir expoctod oontinuous service life rose from
- 50 = 100 hours to well over 60 days. '

After using this oquipment in tho ficld under adverse olroumstances
such ¢s beforo davm on cold wintor mornings, meny points oare to be
approciatod vhich woro not apparont in thc laboratory. Tho replacomont of
binding posts by high-qurlity, ocasily oconnootod, vater=proof plugs was
ono of thoso, as was the uso of tho chronograph pons vith oasily-oporatod
push-buttons for meking time checks and the allowanco of plonty of working -

space around the rooording moters to sinmplify the changing of chart rolls
and rate goars, '

Thon tho instrumonts wore left out in tho rain, in somo ocases
undosirable olectrolytio conduction end ocorrosion took pleco whero
voltazos higher than 6 volts oxisted botwoen vorious motal parts and
instrument stands or whioh prrt of tho cirocuit wos grounded. In goeneral
it soams host to usc self-containud indepondent tattory=-supprlies for tho
difforent instrumonts. Tho bost praotice would appoar to bo the building
of soporate instrumont-boxes housing onc reoording motor, tho oloctrioal
oquipinont, snd eny dolicate parts such as cnemomotors and wind=-vano
hoeds vwhich should bo romoved from tho instruront stands bofore trans-
porting., ioro than one recording motor togothor with othor oguipment in~
one box mekos o load too heavy to bo 1liftod carofully by ono mon and too
heavy to bo transportod on foot over long distancos by two mon.

Tho instrumont-ccsos woro constructod of 3/4 inoh plywood, porhaps
a littlo hunvior than nocosscry, varnishod insido, nand oovored with
eluminum peint on tho outsido. Thc use of ¢ highly rofloeting paint
is dosirable in order to roducs tho toriporature oxtromos insido tho boxes
and in ordor to inororso thoir visibility from a distcnoo, Thoso boxos,
of sorowed rnd gluod construotion, stood up woll undor oontinuous cxposurec
to tho woathur for about a yoar; groctor improvemont in this regord would

rosult from the use ni Bekolito-imprognatod plywood and a moro losting
outsido finish.

Somo of tho fcaturos of tho instrumont casos ocan bo sccn in the
photographs in Pletos IV and V., The recording motors werc mountod on
and surroundod by ruvobor stoppers, to lesson transportation shooks; in
ordor to allow comploto acocess to thar, ono side and about 1/3 of tho
top of tho oaso woro mado romovablo, and a motel cover vas provided to
afford moro complote protoction from roin nnd dust. It is dosirable
that tho rolays, although oomplotoly &s possiblo protocted from tho dust,
be oasily nocoessiblc in tho fiold for ooocsional oleaning and roadjustmont
of the oontrots, and thoy bo mountod with tho contact-facos vortical.
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"Be Cirouit Constants for the 7/ind Direotion Device Shown in
Tgure %4°

For tho twolve volt system, the eight resistors, R;, wero 76 chm
1 wattcarbon resistors, and tho 16 rosistors, Ry, were 1000 ohm 1 watt
oarbon resistors. Thoso rosistors were mountod directly undorneath the
contacts on tho vane-hoad in a oompact assombly. Thoy woru seloctod for
uniform value from about twioe the numbor actually usod.

Tho resisance betwson terminals X, and Xy was about 678 ohms,
corresponding to o ourrent of cbout 18 milliamporos at 10.4 volts. Sinoco
this voltago was to oorrespond to a millicmmetor doflootion of .8 ma
(soe sootion III, D) and tho millicmmotor rcsistanoco was about 1400 chnms,
the oxtra rosistenoe to be addod in sorios (R, of Figure 4) wns about
85600 ohms, sinoe the average intornal rosistanoe of the potentiometor=-
ring could bo token as ebout 500 ohrs, The totel effeotivo s.rica
resistonoe is suffioiently olose to tho oritiocl demping rosiastance of
the rilliamoter, 16,000 ohms, to allow a nearly raximun rapidity of
response,

lnothor ocmbination of Ry and Ry, usod with the equipment shown
in Figuro 56, had valuos of 5 ohms for Ry ond 200 ohms for Ry, all 1 watt
carbon rosistors. Tho total resistonce botweon X; and X3 vas thus cbout
$9.5 ohms, corrosponding st 1.65 volts (this was %he voltage usod on the
light buldb in the anoromoter) to ¢ curront of about 42 milliampores.
Hore, for a maximum roeding of .8 millimmporos botween Xy and X5, the
totcl sorios rosistanco, inoluding an average interncl roaistanoe of the
potentieroter-ring of about 110 ohms and tho 1400 ohnm nmilliamretor
internal rosistanco, should be 2060 ohms., This systom, supplied by a
2 volt storcge battery, required about 3 seconds to rcspond fully to a
change in wind direction, instecd of tho 3/4 sooonds roquired by tho
12 volt systom.

C. Cirocuit Constants for tho ‘/ind Speod Reoording Cirouit Showm
In HEre 5b.

3 v;lt rolay battorys Burgess 2F2H, Sise 4 8/4" x 2 §/8" x
2 5/8%,

45 to 90 volt portable B battory. (For example, two
Burgoss No. 5308 battories.)

Spark-Supprossing Condonser; 10 mfd 256 volt oleotrolytic
oondonsor. (Tho. intornal rosistance of this condenser
woas already high enouzh, so on ndditional scries rosistor
did not hcve to bo added,)

Limiting Condonsor; 4000 nfd. 12 volt olootrolytioc,

preme g n
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Storago Condonser; high quelity imprognatod papor condonsers,
400 volts working voltcgo. " Total valuo for By of 46 volts,
to indliooto 8,0 mph ot «5 millianporos, is made up to

4,756 mfd, for tho Lano-Tiolls anomometor.

Smoothing condonsor; 1000 mfd 12 volt olootrolytio, giving
on olootrionl timo dolcy of about 4 seconds for indicatod
velooity docroaso fron 8 mph to 2 nph.

Curront-1imiting resistorg 200 ohm 1 watt cerbon rosistor.
Spark-supprossing resistor; 600 oh:: 1 watt carbon rosistor,
Curront-linmiting resistor; 6 ohm 1 watt carbon rosistor.

Sigma Modol 4AP Rolay; 2000 ohm, 3 volt operation,
singlo-polo doublo-throw,

Advanoo lodol 600 Roley; 150 ohm, 3 wvolt oporation,
doublo=-pole double=throw.

6V oountor; 10 ohn "Autolco Jr." § figuro, mndo by Automatic
Electric Co,, Chicago, Illinois,

Ython usod with tho Lano-liolls /nononoter, which nokos contact
for 1/% of .vech rovolution, tho total ruloy curront will be nbout 27
nillicnperos, corrosponding to 13.5 nilliamporos continuous current
drain., Battery By, having o nominal copacity of 20 amporo hours should
theroforo bo capeblo of 60 days continuous sorvice. Tho entiro oircuit
shown in Figuro 3B wos fitted into tho woodon oarrying coso origineclly
furnishod with the Lane-iolls fnoromoter. This is illustroted in
Plato IV, excopt that the rolay Yp is tho idvanco typo 850 instoad
of the type 500.

Tho dottod portion of tho oircuit shows how o 6 volt auxiliary
counter con be plugzod into tho circuits. Ono sot of Iltelay Yp oontocts,
drewn cbove tho rulay coil, eltornatoly charges C, fron the b volt
tnononotur lettory and thon discherges it through tho 10 ohn 6 volt
countor; this short-period pulso is onough to cruso tho countor to
rogistor, but sinco ~ contlnuous curront doos not flow during tho rcjor
part of tho timo that tho rnoriomotor contacts aro closed, grcet battory
econony rosults, and thoro is no inductivo spar!: whon tho rolay contocts
havo oponod,

This tyvo of circuit, o limitor circuit, wos suggostod by
Lt. Re L. Ivos, CiiS, who hos uscd it oxtonsivoely in various similar
applications. ¥ith a 10 ohm countor, and tho Lano-liolls anomonotor,
tho continuwous curront of a diroct rolny connoction will bo .3 amporos
and .6 amporus if tho ancroriotor stops in the "on" position. ‘iith tho
linitor cirouit shown, the oontinuous curront is proportional to tho
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wind velocity, and at 8 miles por hour, nbout 2.4 oontcots per socond,
it will bo tho equivelont of slightly loss than 60 milliamporos. L
numbor of countors, thoreforo, can be oporatod sirmltanoously from one
switoh and e fairly small 6 volt dry battory, for intormittont servioo.

D. Circuit Constants for Recording and Control Circuit, 12 volt,
shown In Mguro 4

By, By Burgoss Uniplex No, 4F4 6 volt dry battories, or
for oxtonded operation at low tonmporaturos osn bo
¥Willard Charge~Retaining 6 volt 40 amporo-hour
-lecd storago batterios,

150 mfd 60 volt olootrolytio condonser.,

Chronogreph Sido-Pons on Estorline-ingus rocording
nilliamotors.

Control for sotting doflootion of wind diroction
rooordor; for chart papor of 10 major divisions, tho
deflcction should bo sot to 8 milliamporos whon
Siy is in position 2,

450 ohm 1 watt carbon rosistor.

10 ohm 1 wott carbon resistors; those limit thc battory
currcnt in ocso tho rolay contaots touch simulteanoously
. while boing cdjusted.

6000 ohr: 1 watt carbon rosistor, for supprosuion of
contect=spark duo to trensformor inductanoo,.

1500 ohm 1 watt oarbon rosistor; to limit tho koep=nlive
ourront in tho wind spoed rocordor pon,

8500 ohm 10 weott wiro=-vound rosistor.

hdvanco Modol 500 Rolaoy; 1000 ohm, 6 volt, doublo-
polo doublo-throw,

Singlo-polo double=-throv: Togglo Switch

Push-Button typo licroswitch for cotuating Chronogrenph
Pons.

Doublo=-polo singlo~throw Togglo Switch; for complotely
ronoving battorios frorm circuit.

Doorbell transformors, 10 watt, 110 volts, to 10 volts,

60 oyclo. (More officiont transformors could probably
bo found for this purposo.)
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X,» X,, X Connections to iiind Vano (Figuro 34).
X, Xg . Connections to Rolay-Type Frequoncy Moter (Figuro 3B).

This control box, showvn in Plato IV, was solf-contoinod for all
tho oquipnont shown, It was, as o rosult, somewhat hoavier than dosirablo;
it would havo beon botter to have brokon it up into two boxes, with
connocting plugs.

E. Cirouit Constants for vind Spood Rocording;ﬁpparntus Shovn in
Figuro 5

B, Grid bias bettory, Burgoss No. 5540 7 volt C battory
or equivalont; the grid bias voltago is sdjusted by
soloction of the appropriate battery torminal until
tho roley curront varios botwoen zoro and cbout 2,0
millicmpores as the light is cut off and on tho photoooll.

45 volt btattery, as Burgoss No. 2038
Curront=limiting Eosistor; 200 ohm 1 watt carbon rosistor.

12 ohns of rosistenoco wiro, wound on form cnd adjustod

until filamont voltago is 1,45 volts with froshly-charged
storego battory.

2 ohm, 4 wett wiro wound rhoostat.
5 mogohn: 1 watt carbon rosistor.

ndvance typo 850; 10,000 ohm ooil 1 milliamporo
oporcting curront, with contaots adjustod and spring
tonsion inoroasod for raxirum roliability of oporation
et hish wind spoods.

+5 mfd, 400 volt tubular papor condonsor; this acts
to increase thc usoful spood of rusponso of tho rulay.

lazdd 2,2 volt ponlito flnshlight buld, with lons
rouldod intozrally vith glass bulb; lomp oporated at
1.65 volts, about .18 amporos.

P.E. Coll - Cotron CE=20-~C miniaturo photocoll (crosium =

ﬁ;osiun oxide surfceo), dimoneions about 2 1/2" x
5/8"

Vd ° 2 volt voltmoter, rosistance 400 ohms or highor,

1 A5-G Beottery-typo output pontodo; l.4 volt filament at
«05 erperos.
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The Frioz ML=-80 anamomotor is modified by romoving tho shaft,
turning off tho worm goar whioh ongagos tho goar-train of tho counting
nechanisn, and boring a holo through the turned-dovn portion of tho shaft.
This holo should bo about 1/3 tho diomotor of tho shaft at this sootion.

Tho bulb is mountod insido tho countor caso, at the same lovol cs
tho holo in tho shaft, and tho photoooll is mountod outside the housinrg
on the opposito side in o woethor=proof lighte-proof housing. Tho distanoo
botwoon tho btulb and tho photocoll should bo us short as possiblo, for
naximur light on tho coll; an cporaturo in front of tho light bulb provents
approcicblo stray light from roaching tho photoooll whon tho holo in tho
shaft is porpendicular to tho bulb-photoooll axis.

F, Cirouit Constants for tho Ratiomotcr Shown in Figuro 6

cl, C2 2 nfd 400 volt pepor condonsors.
04 «01 mfd 600 volt tubuler papor condonsors.

16 =fd 600 folt imprognatod papor condonsors (solooted
for high intornal rosistence).

100 mfd 80 volt olcctrolytic oondonsors.
250 oha 1 watt carbon rousistors.
600 ohn 1 watt carbon rcsistors.
250 ohn 1 watt carbon rosistor.
5000 ohr1 1 watt carbon rosistor,
Rg 6 mogohn 1 wott carbon rosistors.

4000 ohm 1 watt corbon rosistor.

Rio» Rj2 5,000 ohm 1 watt carbon rcsistor.

R 10,000 ohn wiro wound 5 watt potontiomotor.

VIy, VI 1 H4G triodos, 2 volt filamonts at .06 amporos oach.

Y, to Ya Advanco Modol 850 Rolays; 10,000 ohms, 1 nilliamporo
in%lusivo oporating curront, singlo-polo doublo-throw.

24 volt supplys 4 Burgoss No. 4F4 Uniplox dry battorios in
sorios.

2 volt éupply: Willard Chargo Reteining Load Storngo Battory
typo CR=2-=3, with tho throo colls conneotod in
parallol (120 emporo hours, total).
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90 volt supplys 2 Burgoss No, 2308 46 volt batteries in sorioes.
Bl, B2 90 volts orch, small portablo B battorios,

Koop=ilivo for rocording-milliammetor not showm,

Circuit Constants for tho Photoooll oand Vaouun-Tubo Frogquonoy
Hotor Shown In Figuro 7

Bl, BZ' B3 Two=volt flashlight lond storage bettorios, 1.6
ampero hours oepacity, dimonsions equal to two
sizo D fleshlight colls in sorios, (Mado by tho
Ideal Corrmtator Drossor Company, Syoomoro, Illinois.)

Two 73 volt Burgoss No. 5540 C Battories, in s-ries.
Two 7% volt Burgoss No. 5540 C battorios, in sorios.
Burgoss No, 5308 45 volt B battory.

Tvo Burgcss No. 5308 battories in scrios.

0.1 mfd. 600 volt tubuler pcpor condensor,

10 nfd. 60 volt olcctrolytio oondensor (for smoothing
out osoillations at lowost aneromotor spoods).

0.1 mogohm 1 watt carbon rosistors (for limiting
positiveo grid currcnt of vocuun tubes).

4000 ohm 1 wett ocrbon rosistor (to limit danping
offoct of G ).

5 nogohm 1 wott coarbon rosistor.

Tvo-volt triodo for dircot oporation from 2 volt
storago battory; .06 arporc filanmont.

Mozda 2.2 volt ponlito flcshlight bulb, with lons
nouldod intogrally into glcoss bulb; larp oporatod
dirootly from 2 volt storuyo battory crrriod on vano
and serving to countor=beclanco Biron anemonotor;

lamp mountod so o8 to offor ns littlo wind=-rusistonoo
as possiblo.

Bousch & Lomb Hestings triplo aplenct megnifior; to
form roal imago of ond of light bulb on pinholo
nporturo,
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P.E. Coll Cetron CE-20-C miniaturo phototubo (caosium =
onosium oxide surface) approximately 2 1/2" x
5/8", mounted in light-proof housing so as to offor
as little wind-rosistanoo as possiblo.

The Biram anemometer, photocell, light bulb, and battery were
mountod with a vane on the vertical shaft of a Frioz 339-L anemomotor,
with an insulatoed slipering for tho oathodo return from tho photocell.

Tho anodo was groundod to tho shaft. Because of the high value of tho
grid resistor, Ry, the two-conductor cable connooting the photoooll

loads to tho froquency moter must be wolleinsulatod and the ocpaoity
betweon tho two wires must not be too great. This apparatus is shown

in Flatos I and III. The epparatus is not suited to continuous recording,
but is usoful in gustiness measurements at low wind-velocitios,

H. Cirouit Constants, for thLo Photooleotrio Galvanomotur (Reflooting
Typo) Shown in Figure 8

Rl’ R2 10,000 ohm 1 wogt carbon rosistors

Ry 6,000 ohn cathode rosistor
R4, Rs 10 megohm 1 watt oarbon rusistors,

Rg For .4 millivolts full=scalo, slightly loss than
0.4 ohms, oarefully rade from monganin wiro solderod
to coppor or brass, and adjusted to give the proper
full-scele rording on tho recording millir:moter,

Buldb 6.2 velt 5=coll focusing flashlight bulb; curront
about .25 emporos.

Condensing Lons Bausoh & Lomb 7x Hastings triplo aplanat
ragnifior,

Inmage-Forming Lons The lons originally furnishod with tho
galvanomotor; this forrs a sharp irmage of tho
rectangulcr aperture on tho photocolls at a 6 inoh
distance,

Galvanomotor: Elomont for Genoral Eloctric Portable Type
Galvanometar, Model 32C230G10 (oonsists of mirror
galvanonotor and housinz only). Sonsitivity .32
microanpores por millimetor (6 inchos distent from
nmirror); poriod, 2.3 seconds; coil rcsistanco, 8,8 ohus;
oxtornal critical demping rosisteonce, 20 ohns.

Photocoll RCA Typo 920 twin photocoll (oontains two complote
units in ono gless onvolopo).
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High rutual conductonoe cathodo hoator-typo pontodos;
roted filonont voltago, 6 volts ot «3 arporos.

Thoso tubes should bo solected to hevo cs noarly as
possiblo identioal charactoristics, oorbined with
low gride~curront,

90 volt battory Two Burgoss No. 2308 45 volt B battorios in

sories = curront drain about 2 milliamporos,.

Tho golvanorictor unit is housod soparately from tho control
oquipnont shown in Figuro 10, This oneblos it to to carried soparatoly
in ordor to give the unit norc protootion from: nochanical shocks. Tho
filexront voltago - supply carriod in the oontrol box is adjustod to
5.2 volts; the total filsmont and bulb curront is then about .8 amporos,

I. Circuit Constants for the Fhotooleotric Galvanomoter (Shacdow

Type) Shown in Figuro 9

Ry, Ry
Rz Ry
Rg
Rg

185

5,000 ohm: 1 watt carbon rosistors.
10 rogohn 1 watt carbon rosistors.
2,000 ohr: 1 watt carbon resistor.

9 ohns, wound fron resistanco wiro and adjusted so
that thoro is 1,35 volts ccross the filamonts of the
186 pentodos, vhon tho ovor=-cll filamont voltago
hes bocn cdjustod to 5.4 volts,

Lbout 1.4 ohng, carofully riado of nanganin wiro
soldored to copper or brass and adjustod to givo
1.6 nillivolts full soclo rango. (This rango
corrosponds to o torporaturo rango of plus or rinus
§°C in tho rozsuroront of torporature ~radiont
vhon a 4=junction couplo is usod, )

Bettory-type pentodos; 1.4 volt filoment at <056
anporos.

Photooolls = Two RCh typo 927 (similer to the Cotron CE=-20=C)

nountod just far onough apart so that tho shadow of
tho vano cuts off half tho light on onch photoooll
cathodo,

Shadow Vano = A small pioco of clurinur: foil, about 1/-‘.': inch

wido, conontod to tho lowor visiblo portion of tho
nicrocrmotor pointer. This additional woight to

tho r:oving systen rust bo countorbalanced in ordor
thot the instrunent riey not to sensitive to lovolling.
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Microamneter - Woston Model 430; O to 30 mioroamperos; ooil
resistance cbout 160 ohms. A rectangular aperture
vas sawn in the baok of the onse, and tho photocolls

and vacuum tubes mounted directly on the beck of the
Ccase,

6.2 volt 5-coll focusing flashlipht bulb, mounted

ovor tho front glass of the roter with enough sido-play
to allow the adjustment of tho zero to bo mace by
slightly shifting the position of tho bulb.

90 volt supply - Two Burzoss No. 2308 B batterios in sories.
Noto that with filamont-type vaouum tubes, the circuit

roequires a sopirate lead from tho 90 volt minus
torminal.

5.4 volt supply - From 6 volt storage battery with 6 ohm
rheostat and indicating voltmotor for adjustment
to 5.4 volts; ourront-drcin about .23 emperes.

The prinoiples of operation of this instrumont are similar to
those of tho roflecting type photoelootrio galvanomoter, exocopt for
tho mothods of varying the light on tho photooells. Tho oonstruotion
is simplor and more compact and tho beottory oonsuription considorzcbly
lower, but tho maxinum sensitivity is not as high; tho effoctive ampli-
fioction of tho photocoll-veeuum tubc corbination is not as high, nor
is tho sonsitivity of the pivotod moving coil microemmector as high.

In order to have maximur light on tho photocells, tho distance
botweon them and tho bulb should bo made as short &s possiblos It should
be notod that in adapting a moter of this type, the effeotivo full
sonle rango, l.6 millivolts, is about 1/3 of the original full-scale
rango, 4.8 millivolts. Thoroforo thore was a 3-fold gain in sensitivity,
at no apparent loss in aoouracy and a tremondous improvoment in time of
rosponse, sinco whon uscd alone in low-resistance circuits, the micro-
anmoter was groatly over-dampod.

Jo Circuit Constants for the Control Circuit cnd Kggg-Alive for
1

Uso with tho Photoolectrio Gelvanometor, Shown in Figure 10

By, By 1% volt size D flashlight batterios (7.5 microamporos
ourront-drain)

1000 mfd. 12 volt oleotrolytio condonsore.
1 mf'de 400 volt paper oondensor.
25 ohm 1 watt oarbon resistor

5,000 ohm 1 watt carbon resistors.
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10,000 ohn 1 watt carbon resistor.

2 ohm (for ourront of .8 ampores) or 6 ohm (for
ourront of .25 omporos) 4 watt wiro wound rhoostat.

1 ohm 1 watt oarbon rosistor.
On-0ff toggle mwitch.
Push-button type Microswitch.

Two Burgess No, 2308 45 volt batterios, for 90 volt
supply to vaouum tubo oirouits.

Rolay idvanco type 500 6 volt 150 ohn rolay, doublo-polo,
) doubl o~throw,

6 volt battory = 120 ampero hour automobilo-type load storage
battory.

Tho complote control circuit, inecluding batterios and shook=-
nountod Esterline-Angus rocording milliermotor, is built into an instrunont
case, as shown in Plate V; the comnoction to tho caso containing tho
photocolls, vaouum tubos crd galvanometor is mado by plugs.

Tho bosio dosign of the photoecleotric galvanorotor riy bo
oxtonded to cover a wido rango of usos; scveral ranges of tomporature
ney bo ocoverod by providing a switching arrangeriont to soloot differont
valuos of Rg (in Figure 8), and the input omf. can at tho same timc be
switchod to difforent sourcos. Tho instrunent would work well, for

examplo, in conjunction with a hot=wire ancmoxioter for tho rocording of
low wind volooitios.

VI. SAMPLE RECORDS FROM THE ). ICROMETEOROLOGICAL EQUIPMENT

Figuros 11 to 16, inolusive, sorvo to illustrato tho type of rooords
obtainablo with the equipront doseribeds Tho original width of the sealo

on the chart-papor is 4} inchos, but for purposes of roproduction tho soanlo
has beon sonewhat roduced.

In tho ocor:parison of tho throo typos of anomoriotors shown in Figuro
11, tho snnll details of tho curve from tho Biram anomometer aro ovi-
dontly roal, sinoe ourves from two Birams sido by side have both shown tho
scrzo rinuto varietions. If the Lano-Wolls anemomotor had boen fittod with
a light-intorrupter photocoll dovice, with wnouum-tubo frequency notor,
tho recordod curve would undoubtedly bo similar to that from the Biran,
as the oleotrical time-delay intentionally introduced with the rolay-typo
frequonoy reter is the ohief cause of tho slower ovor-nll rosponso shown
by tho Lane-Wells ourvo. At approximately 3% minutos timo, however, the
Biram anoronioter stoppod completoly, vhilo tho Lano=ifolls oontinued to
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turn ot obout 8 pulses per ninute, oorresponding acocording to the oclibra-
. tdon ohart to about (65 milos per hour. This is just about the threshold
of the Birom anocrworetor. :

Tho still slowor response of the Friez 339L anemomoter is quite
spparont,, thus indiocating that thoro would be littlo to bo ganinod by
deoronsing the elootrioel tino=-delay. Furthermoro, if tho time required.
for o satisfeotorily oonplete responso from the 339L be considored as
30 sooonds, it is oasy to soo that if the anrea to be represonted by its
vind speed roecord is large, then rapidity of rosponse to highly loonlisod
oonditions beoorios of loss irportance.

Those sarc considorations apply to the records shown in Figuros 12
and 13, On still slowor papor speeds such as 8 inches per hour, the
inforior rosponse tino of tho Friez MI~-80 beoories of an advontage, however,
in that the average volocity is morec onsily estirmatod from the simpler
ourvo, In any ocaso, it is ovidont that tho riaxirum and minirun volooitios
recorded depend on the total rosponso=time of tho recording instrunents.

Figures 12 and 13 also show tho original time~narks nade by tho chrono=
graph pons,

) The winc< direotion record illustrated in Figure 14 is roasoncbly easy
to intorpret, although tokon at o slow poper speed. At 1000 h, the
direction record shows tho effeot of « wind shift through NE, and tho pen
swoeps oloar across tho poper. Tho charactoristio of rooording the wind
direotion in dofinite steps riakes tho record sorevhat easier to follow,
thon would bo tho oaso if a continuously varying potentiomotor were used.

The variations in tho rooord of tomperaturo gradient, shown in
Figuro 16, undor lapso oonditions, do not soerm to be closely assoolated
with wind speod, but moro probably with tho instantaneous vertiosl ocompo-
nent of wind volooity. Tho oxtent of theso fluotuations cdeorensos as
noutral conditions aro approached (whoro they aro non-existont) and then
under invorsion conditions tho fluctuations boheove in a different manner,
beoing then olosoly cssoolctod with wind speed in 4 gqualitativo but not
quantitativo niannor, Undor slight lapse, neutral, and inversion condi=

tions, a high noouraoy in the exprossion of tho tenmporaturo zradiont is
fully justified.

The rooords of surfeoo tomporature, such os is shown in Figuro 16,
aro oonsidored to bo signifiocant to ¢ 2°F, ns road dirocotly frox tho
recordod ourves thay aro usually in ogroement with tho rieroury thormoneter
necsurements within this limit, provided the thorrioocouple is in zood
oontaot with tho soil and hes o bright surfacoe. &8 is usually tho oase
with : otoorologloal nocsurerents, any justifiablo cttempt to utilize a
highor aocuraoy of noasuromont than this will roquiroc an intensive survey
in order to detormine how roprosontative a singlo spot reading roeolly is,
In tho use of a fine-wire ocouple with tho folt=pad method of oxploring
surface tonporatures, a frst autometio rooording systen such as those
dosoribed is oxtrerioly oonvenient,
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1f o larger mmber of corparative sarplec rocords fron different
instrunonts had been included in this report, it would serve chiefly to
enphasize tho dosirability of standerdizing the equipnent used at the
various Ci78 stations in orcer that the records of tho quantities reasured
oould bo easily ocorpared, in order to reduce to atandard praotioe the
operation of the instruronts, and in ordor to avcid duplioation of instru-
nontal resenrch activities at the vnrious installations. This does not
roan that tho dovelopmont of now and botter instruments should be inhibited,
or thot the standordization should be undertckon without ocareful oconsidera~-
tion of all the footors involvod, but it is felt that the information now
available fronm a variety of sources oan be suocessfully utilized to result
in a oonsicderaoble saving of —anpower and in inproved data in any future
Cheniocal ‘iorfore resecrsh.

This report should not oloso without a word of approoiaction for the
support and oncouragerient given tho NDRC Laboratory at Dugway Proving
. Ground by the Commanding Officor and thoso under hin. In partioculer,
acknowledgement is duo to 1lst Lt. R. L. Ives, C.iS, ond Crptain Earle C,
Fowlor, CWB, for their help and advioco in connection with tho oconstruction
and oporation of these instruments, ancd to the staff of tho Techniocal
Operations Division for attending to the rechanios of the publioation of
this romrto
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TABLE I

CLASSIFICATION OF FOUR ROTATING ANEMOMETERS
WITH RESPECT TO LESIRABLE FEATURES

Friez ML-80
with Fries Biron
Typo of Anenoriotor Photocell 339-L Lane-jiells Ke& E. #5967

Irpulses per revolution 2 1 1 10

Ir:pulses por soocond 2,6 1,21 11,359
at 8 uph wind spoed (on ¢ mph basis)

Mininur. approximato 8/4 to 1 nph  3/4 nph 1/2 rph
velocity to which ano-
roneter responds

Tii:e roquirod to ocoast
ir still air fron

8 rph indloation to

2 rph indication

Time roquired to ooast
fron 4 rph indioation
to 1 nph indiecction

Haxirun wind velocity 100 rph 35 mph 25 mph 6 nph
to which ananor:oter
should bo subjooted

Rolicbility of conteot- good oxcellent fulr falr
ing nochenisn

Resistanoco to continuod exoellent good fair very poor
uso and exposuro

Suitability for uso feir good excollent fair
in portablo

oquipnont




: Left to rights (1) Friez ML-80 3-cup anemometor, fitted with photo-
oell; (2) Keuffel & Esser 6 inch Biram anemometor (Model #5697), mounted
on vane with 1ight, battory, and photocell; (3) Friez 339-1 ancroretor;

(4) (an toregrounds Frios 363-C wind-vene head, oontaots exposed to show

potentiometor-ring of rosistors installod in oorprot arrangerent;

(6) Lane-Wells anemomoter,

Plate II
Wind-speed ond direction apparatus instelled and operating in the field,
Left to right: Friez 339-L anoroneter and 363-C wind vane (on top of hill)s
oontrel panel with rheostat and voltmoter for cdjusting wind direotion
voltage; rocorcing rilliametor for wind speed, Willard C=R=2=3 storage
battery; extornal binding posts for anemometer and wind-vane oonncotions
and for recording rilliamnetor for wind direction (housed separatoly, not
shown in photograph).
Plate IIX
Loft to right:s Solf-oontained vaouun-tubo frequency meter; wind vano
mounting for Birarm anemomotor; self-containoed rolay oscillator koep=alive
with multitep cutput transformer and terminals and push~button for supply-
ing 6 volts to chronograph pens.
* Plate IV
Conplete equipment for 12=volt wind-speed and direoction recorder,
Plate V
Self-containod unit for uso with photoelectric galvanoreter.

Plate VI

Fhotoeleotric galvanonoter, reflooting fype. Loft to right; 68J7«0
wvaouur: tubes; housing for twin-phetoooll; condonsing lens; battery terrinalss
galvenonmeters input emf terminals cnd milliammetor torr:inals.

Plato VII

Photoelectrio galvanometor, shadow type. The 6 volt flashlight buld
is mounted on tup of tho mioroarmeter, and the corpaot assenbly of photo=
ocells, vaocuun tubes, and other oirouit cormponents is mounted in the roar,
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PLATES I TO ¥II

EQUIPMENT USED IN MICRO-
METEOROLOGICAL MEASUREMENTS.

(FOR DETAILS SEE TEXT)
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Current Limiting Resistonce

v

Va

v

Anemometer * t—ﬁ

Contacts

il
Relay Battery

T

Ci

+ -
aaut
8

Storage Condenser - 4 mfd

Smoothing Condenser

- 2000 mfd electrolytic.

Terminals of O-1 ma Esterline - Angus Recorder.

Frequency - Meter Battery - 45 or 90 Voits

FIGURE | CIRCUIT OF RELAY-TYPE FREQUENCY METER

Transformer

+ -
1L
B

B

FIGURE 2 CIRCUIT OF RELAY-OSCILLATOR WITH TRANSFORMER

FOR USE AS KEEP-ALIVE BY SERIES CONNECTION
WITH E-A RECORDING METER.
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Contaocting Mechanism
(See Text).

Resistor Assembly
mounted directly on
Friez 363-C Vane-head

Xs Xz X 3A. WIND DIRECTION

Terminal Connections
as in Figure 4 .

e
o

g

Lane -Wells L I
Anemomete T %Y' R2
Contacts ) %

R,

Yz

4'I'|= TJo spare Chronograph Pen
B on E-A Recorder.
] i 4 * e
¢ . '
oy *F- -t - -

: Port ;
3B. WIND SPEED |couies. {6V Oryearne. |
. Switch.

FIGURES 3A AND 3B

WIND DIRECTION AND SPEED RECORDING CIRCUITS
FOR USE WITH CONTROL CIRCUIT SHOWN IN FIGURE 4
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Wind Vane
Resistance Assembly
(Schema+ic)

To Relay-Type
Frequency Meter with
Lane-Wells Anemometer.
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WIND SPEED . WIND DIRECTION

ESTERLINE ~ANGUS RECORDING MILLIAMMETERS
WITH CHRONOGRAPH PENS

FIGURE 4

RECORDING AND CONTROL CIRCUIT,
12 VOLT, FOR WIND SPEED AND DIRECTION
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Friez ML-80 Shaft & Lower Bearing
Lower part of ahaft drilled to form
light aperture.

p )—1 P.E. CELL
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@7

. s -2v +
To Friez 363-C
Wind Vane with Resistors. Lead Storage Battery.

FIGURE 5

WIND SPEED RECORDING CIRCUIT USING FRIEZ ML 80
ANEMOMETER MODIFIED WITH PHOTO-CELL
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FIGURE 9

PHOTOELECTRIC GALVANOMETER
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FIGURE 10

CONTROL CIRCUIT AND KEEP ALIVE
FOR USE WITH PHOTOELECTRIC GALVANOMETER
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