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THE BALLISTIC RESEARCH LABORATORIES 

ABSTRACT 

Tb1s report descr1bes the 1nstrumented range fac1l1ty des1gnated 

the Electromagnet1c Propagat1on Range as establ1shed by the Ball1st1c 

Research Laborator1es (BRL) 1n support of fundamental research 1n the 

near-earth meteorolog1cal env1ronment. It 1ncludes a descr1pt1on of 

the mult1-channel, h1gh-speed, d1g1tal data acqu1s1t1on system, the 

types of 1nstrumentat1on used for obta1n1ng meteorolog1cal data, methods 

of 1nstrument and sensor cal1brat1on, and typ1cal results of f1eld 

programs. Tabulated data and photographs of all parts of the system are 

1ncluded. 
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I. INTRODUCTION 

In the spr1ng of 1963, the Ball1st1c Measurements Laboratory of the 

Ball1St1c Research Laborator1es (BRL) undertook the establ1shment of an 

1nstrumented Electromagnet1c Propagat1on (EMP) range fac1l1ty 1n support 

of fundamental research 1n the near-earth meteorolog1cal env1ronment. 

The purpose of th1s fac1l1ty was the acqu1s1t1on of meteorolog1cal and 

support1ng data necessary for the establ1shment of des1gn parameters and 

the performance evaluat1on of target detect1on and d1scr1mlnat1on, track1ng, 

gu1dance and hom1ng concepts. It was des1red that 1n add1t1on to obta1n1ng 

meteorolog1cal data the fac1l1ty should have the capab1l1ty of support1ng 

research 1n both opt1cal and electron1c measurements already be1ng carr1ed 

out by laboratory personnel. 

The plans for the EMP range fac~lity were formulated by cooperat1on 

of all those at BRL 1nterested 1n thls type of research. As work has 

progressed, other laborator1es and agenc1es have expressed an 1nterest 

1n the fac1l1ty. It 1s the purpose of th1s report to descr1be what has 

been accompl1shed to date 1n the fulf1llment of the or1g1nal m1ss1on 

and to br1efly outl1ne future plans. It 1s expected that changes w1ll 

be made 1n the fac1l1ty as research data are evaluated, as 1nstrumentat1on 

1s 1mproved, and as requ1rements are mod1f1ed. 

II GENEFAL DESCRIPTION 

The EMP range fac1l1ty 1S located, as shown 1n F1gure 1, on Spesut1e 

Island 1n the v1c1n1ty of Locust Po1nt, approx1mately 2 m1les east of the 

,nalnland of Aberdeen Prov1ng Ground. Th1s locat1on lS bounded on the north 

and east by the upper sect1on of Chesapeake Bay; there are no natural 

obstruct1ons to 1mpede a1r flow. On the west s1de, the range boundary 1s 

a swampy area w1th a th1n row of trees extend1ng about one-half the range 

length. D1rectly south, there 1s an open area approx1mately 3/4 m1le long 

wh1ch 1s qu1te flat and also offers very few obstruct1ons. 
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In order to establlsh sun1lar ground cond1t1ons over the ent1re 

range, an area 2400 feet long and 4oo feet w1de was scraped and graded 

to a nearly flat surface, w1th the west s1de JUSt Sllghtly lower than 

the east Slde, for dra1nage purposes, Area 1s ava1lable to allow future 

extens1on of the range length to 10,000 feet over land and to approxl­

mately tw1ce th1s d1stance over water. The long1tud1nal ax1s of the 

range 1s al1gned 8 degrees east of Magnet1c North. S1nce the prevalllng 

Wlnds 1n th1s reg1on are westerly and northerly, the a1r flow 1s generally 

across the narrow sect1on of the range area. At both the north and south 

ends of the range are located roadways lead1ng to areas on wh1ch lnstru­

ment shelters and veh1cles may be placed for target detect1on and d1scrlm-

1nat1on tests. Necessary ac power 1s ava1lable at outlets conven1ently 

placed near these areas. F1gure 2 showc a general v1ew of the range when 

look1ng toward the southwest. 

F1ve 30-foot steel towers, mounted r1g1dly on concrete p1ers, are 

spaced 500 feet apart on the eastern edge of the range. Attached to the 

towers at three levels are s1x-foot sect1ons of 2-1nch square alum1num 

condu1t. The manner of attachment allows sensors to be mounted at each end 

of the condu1t and away from the tower 1tself, F1gure 3 shows one of these 

towers w1th two sensors per level mounted at 6, 12 and 30 feet above the 

ground. These sensor mounts can be eas1ly moved as program requ1rements 

change. In add1t1on, the towers are h1nged at a po1nt 15 feet above 

ground level to allow the upper sect1on to be lowered for easy access to 

cables and sensors. F1gure 4 shows one of these towers 1n the lowered 

pos1t1on. After the 1n1t1al cal1brat1on of the sensors lS made, they are 

1nstalled 1n the des1red conf1gurat1on on these towers. S1gnal cables 

from the sensors are brought down the tower and fed lnto 1nstrument 

hous1ngs, or shelters, where they are connected to ampl1f1ers, power 

suppl1es, or br1dge c1rcu1ts depend1ng upon the type of sensor 1n use. 

The outputs of the sensor c1rcu1ts are connected to term1nal str1ps 1n 

a JunCt1on box to Wh1ch are attached the long s1gnal l1nes lead1ng to a 

data acqu1s1t1on system located 1n an 1nstrument van placed 30 feet away 

from the east s1de of the range and about 400 feet from the southern end. 

13 
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FIG. 3 - SENSOR TOWER AND INSTRUMENT SHELTER 
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The Slgnal cables are routed to the van on a pole llne parallellng the 

east Slde of the range and are fastened to a steel messenger cable whlch 

lS attached to the supportlng wooden poles, spaced 50 feet apart. Power 

and lntercom llnes are carrled to each tower locatlon on a separate 

messenger cable on the same pole llne. As lS shown ln Flgure 2, the 

poles supportlng the cables are only flve feet hlgh. Thus, a man stand­

lng on the ground can servlce the cables. 

Each of the two Slgnal cables contalns multlple palrs of llnes for 

a total capaclty of 24 channels per tower locatlon. The llne for each 

channel conslstsof a plastlc-lnsulated, tWlSted-palr, 22-gauge Wlre Wlth 

a draln, or shleld, Wlre. Each palr plus draln lS lndlvldually shlelded 

from other palrs ln the same cable by an alumlnum foll wrapplng. A hlgh 

dlelectrlC strength coatlng materlal lS on the outer surface of the foll 

and provldes lSOlatlon between shlelds of adJacent groups. Thls type of 

cable greatly reduces cross talk and spurlous Slgnal lmpulses, and prOVldes 

a reductlon of common mode voltages usually found ln long cable lnstalla­

tlons. 

The Slgnal llnes are termlnated ln JaCk panels at the data acgulSltlon 

system, where lt lS possible to patch any sensor to any deslred data lnput 

channel. 

Prlor to the tower lnstallatlon, several data runs were made Wlth 

sensors located on 14 flve-foot trlpods placed 100 feet apart along t~e 

east Slde of the range. The Slgnal cables at each lnstrument houslng 

were used to obtaln an overall test of the system. The ObJectlve ln the 

fleld layout was to provlde a system whlch was flexlble enough to meet 

the ever-changlng user requlrements encountered ln research programs. 

17 



III. DATA ACQUISITIJN sYSTEM 

In the plann1ng stages for the EMP range, 1t became apparent that 

severe l1m1tat1ons would be placed on the acqu2s1t1on of data from a 

large number of sources 2f convent2cnal methods of record1ng data on 

charts were used. Hence, 2t was dec1ded that performance spec2f1cat1ons 

would be wr1tten for a data acqu1S1t1on system us2ng up-to-date d1g1tal 

techn1ques w1th the output data recorded on magnet1c tape. The problem 

then became one of determ2n2ng such factors as sampl1ng rates, convers2on 

speed, number of channels, tape format, and 1nput levels. The system 

obta2ned was manufactured to BRL spec1f2cat1ons by Astrodata, Inc. of 

Anahe1m, Cal1forn1a and was del1vered 1n Apr2l 1964. The system was 

1nstalled 1n a 40-foot van located near the southeast end of the range. 

F1gure 5 shows the present system conta1ned 1n three equ1pment racks, 

each w1th two bays. V1ewed from the front, the f1rst bay on the left 

conta1ns a Potter Model 906II-2 tape transport w2th 1ts assoc1ated ampll­

flers, control c1rcu1ts, and power suppl1es. D1rectly below the transport 

1s the patchboard used to prov1de the des2red d1g2tal programm2ng. The 

second bay of the f1rst rack conta1ns the system control panel from wh2ch 

all operat1ons are controlled. Below'the panel are the card modules for 

hold1ng the 1nd1v1dual sol2d-state c1rcu2t cards requ1red 1n the system. 

The system DC power supply lS mounted d1rectly under the lower card 

module. 

In Rack No. 2, the f1rst bay houses two analog-to-d1g1tal converters, 

the mult1plexer log1c cards, and an analog plug-board to allow external 

mon1t0r1ng and chart record1ng of selected data channels. The second bay 

of th1s rack conta1ns 72 of the system's s1gnal-condltlOn1ng ampl1f1ers 

w2th assoc1ated power suppl1es. A mod1f1cat1on of the or1g1nal cabl1ng 

system has been made by the add1t1on of a patch panel, shown d1rectly 

above the ampl1f2ers 2n th1s bay. Each f2eld l1ne 2s connected d2rect1y 

to th1s panel and may be patched to any 1nput des1red. If any other 

c1rcu1t 2s requ1red to be 1nserted 1nto the system pr1or to entrance to 

the data acqu1s1t2on sect1on, th1s patch panel prov1des th2s capab1l1ty, 

thus, 1ncreas1ng the versat1l1ty of the system. 
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FIG. 5 - DIGITAL DATA AC~UISITION SYSTEM IN VAN 
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The th1rd rack was 1nstalled 1n1t1ally w1thout equ1pment to allow 

future growth of the system. At the present twe port1ons of both bays 

have been used. Twenty-e1ght add1t1onal s1gnal-cond1tion1ng ampl1f1ers 

and assoc1ated power suppl1es have been 1nstalled 1n the lower sect1on 

of Bay No. L At the top of th1s bay are located two DANA d1g1tal volt­

ohmmeters used for cal1brat1on and c1rcu1t test1ng before the f1eld 

sensors and c1rcu1try are connected to the data acqu1s1t1on system. The 

second bay conta1ns a br1dge-type temperature measur1ng system ut1l1z1ng 

a separate res1stance br1dge for each of 18 channels, the br1dge power 

suppl1es, ampl1f1ers, and test c1rcu1ts. 

A. System Capab1l1t1es 

The bas1c funct1on of the data acqu1sit1on system 1s to accept multl­

channel analog voltages 1n the range of 0 to ~ 5 volts DC, to convert 

these voltages to d1g1tal form at h1gh speed, and to record the d1g1tal 

1nformat1on on magnet1c tape 1n a format compat1ble w1th an IBM type 1401 

d1g1tal computer. 

The system capab1l1t1es are as follows: 

• Input analog data may be d1g1t1zed at a maxwum rate of 20,000 
samples per second. 

e The d1g1tal sect1on of the system has been des1gned to accept 
150 analog channels. At present the system conta1ns 100 1nput 
S1gnal-cond1t10n1ng ampl1f1ers and has space ava1lable for 
future expans1on to the maxwum of 150. 

• The convers1on of the analog 1nput s1gnals 1nto the1r dec1mal 
equ1valents lS accompllshed by the use of two analog-to-d1g1tal 
converters, (ADC) each operat1ng at a 10 Kc/s sample rate. The 
two converters alternately d1g1t1ze the 1nput Slgnals 1n a manner 
to produce a 20Kc/s sample rate. The ADC's are b1-polar four­
decwal d1g1t dev1ces. The ADC d1g1tal word lS zero output and 
±4999 counts for a ± 5 volt 1nput to the ADC. 

• The s1gnal cond1t1on1ng ampl1f1ers are of the potent1ometr1c-
1nput d1fferent1al type arranged on an ampl1f1er-per-channel 
bas1s, w1th selectable ga1ns of 1, 2, 5, 10 and 50. 

• Ut1l1z1ng a bu1lt-1n, adJustable, prec1S10n cal1brat1on power 
supply, pre-run and post-run cal1brat1ons of the overall system 
may be made. 

20 



• There are two bas1c modes of system operat1on; the f1rst 1s 
an on-l1ne mode 1n wh1ch 1nput data obta1ned from f1eld-located 
sensors are d1g1t2zed, put 2n the proper format, and recorded 
on magnet1c tape; the second allows two types of mon2tor2ng for 
troubleshoot2ng and adJust2ng parameters of the overall system. 

• A bu1lt-1n t2me accumulator, funct2on2ng from e2ther 2nternal 
or external s1gnals, 1s prov1ded to produce t1me words for 
record1ng on the tape Wlth the d1g1t1zed analog data. 

• PrOVlSlon lS made for a v1sual d1splay of the d1g2tal values 
of selected data channels, a d2splay of channels 1n error, 
and an error counter. The system conta1ns c1rcu1ts that compare 
the output of the analog sect1on of the system 1nth selectable 
"error l1m1ts" c1rcu1ts and that 1nd1cate out-of-l1m1t channels. 

• C1rcu1ts for read-after-wr1te par1ty~rror detect1on are 1ncluded. 

• The 1nsert1on of 12 d1g1ts of preset t1tle, or 1dent1f1cat1on, 
data on magnet2c tape can be accompl1shed by SliDple front-panel 
sw1tch operat1on. 

• All systems controls are adequately 1nterlocked so that out-of­
sequence operat1ons are not poss1ble. 

• An 1ndependent performance analyzer channel lS prov1ded for 
check1ng d1g1tal operat1on of the system. Th1s channel 1s read 
back from the magnet1c tape and an error 1s 1nd1cated by the 
error counter 1f there 2s a d1fference between the word read 
and a pre-set voltage. 

B. C1rcu1t Descr1pt1on 

F2gure 6 2s a s2mpl2f1ed block d2agram of the system and serves to 

1nd1cate the bas1c sect1ons for 1llustrat1ve purposes only. The log1c 

1nvolved ln the system layout 1s not a part of th1s draw1ng. 

S1gnal cables from the sensor outputs located at the f1eld s1tes 

enter the acqu1s1t1on system through plug connect1ons and are then 

routed to Jack panels 1n Rack No. 3 by Bay No. l. Th1s allows patch1ng 

of 1nput channels 1n any des1red conf1gurat1on 1nto the system's 1nput 

transfer sw1tches. These sw1tches transfer the s2gnal, the s1gnal 

return, and the guard l1nes for each sensor from the 1nput of each S1gnal­

cond1t10n1ng ampl1f1er to the output of the prec1s1on cal1brat1on power 

supply when des2red. Dur1ng data gather1ng runs the sw2tches are 1n the 

proper pos1t1on to allow d1rect 1nput to each ampl1f1er, wh1ch operates 
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w~th an ~nput Dnpedance of 1000 megohms and w~th an output voltage range 

of ± 5 volts. The outputs of the ampl~f~ers are connected to an analog 

patchboard so that record~ngs may be made on external analog recorders. 

E~ght Esterl~ne-Angus chart recorders have been ~stalled ~n racks 

adJacent to the data system for th~s purpose, 

From the analog patchboard, the s~nals are routed to a 150-pos~t~on 

h~gh-level mult~plexer wh~ch sequent~ally sw~tches mult~ple ~puts to a 

common output bus. Control of the mult~plexer ~s prov~ded by a d~g~tal 

patchboard shown ~n F~gure 7. The pos~t~ons marked Program TDnes are 

the outputs of the 150 pos~t~on sequencer and th~s dete~nes the order 

~ wh~ch channels w~ll be d~g~t~zed. On the r~ght s~de of the d~gital 

patchboard are groups of 25 connect~ons, each marked w~th s~te numbers. 

These connect~ons are the ~nputs to the mult~plexer from each f~eld 

pos~t~on where the sensors are located. Thus, any sensor at any s~te 

may be patched ~nto any program t~me des~ed. Th~s allows great flex~­

b~l~ty ~n the order ~n wh~ch the ~nput s~gnals may be selected for 

d~g~tlZ~ng. The patchboard sect~ons ~d~cated as HUBS are 20 connect~ons 

w~red ~n parallel. By proper patch~ng of up to 19 program t~mes ~nto 

one HUB sect~on w~th the rema~n~ng HUB connect~on patched to a spec~f~c 

s~te pos~t~on, the sensor at that pos~t~on w~ll be scanned 19 t~s. 

Th~s ~n effect ~s super-commutat~ng a s~ngle sensor. There are two patch­

board parallel connectlons labelled E-0-R for end of record operat~on 

and these allo~ one to short cycle the sequencer, Use of these pos~t~ons 

makes ~t unnecessary to operate through 150 pos~tlons for each scan, lf 

thls lS des~red. The length of the scan ~s deter~ned by the sequencer 

pos~t~on ~nto wh~ch one has connected the EORconnect~on. Referr~ng agaln 

to the block dlagram, the common output of the multlplexer ~s connected 

to the parallel ~nputs of two analog-to-dlg~tal converters (ADC) Whlch 

serve as the ~terface between the analog and d~g~tal sectlons of the 

system. The ADC's convert the scanned analog lnput voltage to propor­

tlonal blnary-coded declmal (BCD) numbers by sequent~ally compar~g the 

lnput current ~th prec~se, d~gltally-we~ghted currents that are gener­

ated Wlthln the ADC's. The output and d~splay of each converter lS four 
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decDnal dlglts and Slgn. For present range operatlons the converters 

are operated unlpolar, although they have the capablllty of bl-polar 

operatlon. They are callbrated such that a ± 5 volt lnput produces 

±4999 counts output. 

The outputs of the two ADCs are alternately selected to be stored 

ln a dlgltal data reglster. The output of thlS reglster lS connected 

to wrlte-loglc gates, a readout reglster, and a storage reglster. 

Words are wrltten on magnetlc tape ln IBM gapped format, a seven­

blt character at a t~e. The system has three output word sources, each 

parallel ln character; these are the dlgltal data reglster, tlmlng loglc, 

and tltle data swltches. The wrlte loglc converts the parallel words to 

serlal characters, adds necessary pad characters requlred by the format, 

and processes the characters for wrltlng on the magnetic tape. In addl­

tlon a parlty generator lS lncluded to determlne the number of blts ln 

each character and, when necessary, to add a blt to make an even count. 

To ensure that each character has been wrltten properly on tape, 

the system reads each character after lt has been wrltten and performs 

both vertlcal and longltudlnal parlty checks. When operatlng ln the 

playback mode, selected channels may be read from the tape and dlsplayed 

on front-panel nlXle-type lndlcators. Provlslon lS also made for the 

flrst word ln each data record, known as the performance analyzer (PA) 

word, to be read and compared Wlth a preclse lnput voltage to check the 

accuracy of the dlgltal sectlon of the system. If a dlfference exlsts 

between the PA word and the known value, an error lS shown by front 

panel lndlcators. The amount that the output of the system may vary 

about the selectable, preclse lnput voltage lS determlned by settlngs of 

front-panel error SWltches, labelled A, B, C and D. The errors are 

respectlvely 0.1 percent or 5 counts, 0.2 percent or 10 counts, 0.3 per­

cent or 15 counts and 0.4 percent or 20 counts. The known preclse 1nput 

voltage 1s selected by amplltude swltches and a scale potentlometer on 

the front panel. Identlfi~tion of data words is accomplished to allow 

the storage reglster to load the words ln the proper sequence and to 
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control the mult1plexer through a counter. The output of the storage 

reg1ster 1S connected to the readout reg1ster and comparison gates. The 

readout reg1ster controls the front panel data display 1nd1cators, and 

a se~uence number reg1ster controls the front-panel se~uence number 

1nd1cators. 

System t1m1ng is derived from a 160 Kc/s, crystal-controlled osc11-

lator, the fre~uency of wh1ch is halved to 80 Kc/s to prov1de the re~u1red 

control pulses. Further d1v1s1on to 10 Kc/s proV1des the system's time-of 

day clock for wr1t1ng on tape at the beg1nning of each data word. Th1s 

sect2on may be operated from an external 10 Kc/s prec1s1on source 1f 

des2red. T2me 1s provided from hundredths of mill1seconds to tens of 

seconds. System control advances the logic 1n a fixed se~uence for 

spec1f2c modes of operat1on, such as wr1t1ng end-of-f1le and end-of-tape 

characters, generat1ng start, stop and-reset s1gnals and the playback 

mode. 

C. Dig1tal Tape Recorder 

The magnet1c tape recorder/reproducer furn1shed w1th the data ac~u1s1-

t1on system cons1sts of a Potter 906II-2 h1gh speed d1g1tal tape transport 

w1th assoc1ated M3323 dr1ve electron1cs, M3321 manual control un1t, and 

MA 315 record and reproduce ampl1fiers. The transport 1s of the standard 

d1g1tal type w1th a tape drive system generat1ng the mot1on re~u1red to 

move 1j2-2nch w1de tape across the record/reproduce heads under control 

of the system log1c. Th1s allows fast start t1me of no more than 3 mill1-

seconds, a tape speed of 150 1nches per second, and a fast stop time of 

no more than 1.5 m1ll1seconds. Rew1nd tape speed of 300 1nches per second 

in e2ther d1rection for l/2-1nch tape • Local operat1on of control 

funct1ons such as rewind, forward, stop and the l1ke, is ava1lable on 

a control panel. Automat1c control of system funct1ons 1s routed through 

the c1rcu1t from the system log1c. Associated funct1ons such as start­

of-tape 1nd1cat1on, low tape supply, and end-of-tape ind1cation and control 

are also prov1ded. The purpose of the record/reproduce ampl1f1ers 1s to 

record on the magnetic tape the d1g1tal 1nformation prov1ded 1n a part1cular 

format from the ac~u1st1on system, and to reproduce this data on command. 
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The ampl~f~ers are IBM compat~ble and are des~gned to operate w~tb a 

mod~f~ed non-return to zero recording system at tbe maximum tape speed 

of tbe transport and ntb packl.Il€; dens~hes of 556 bits per inch. A:n:y 

compensat~on requ~red ~s bu~lt ~nto tbe ampl~f~ers. 

D. Tape Format 

All of the dig~tal ~nformat~on produced by the system must be organ­

~zed ~n a spec1al, fl.Xed manner, or format, for recording on magnet1c tape. 

Thl.s format was determined for compatibl.lity w~tb tbe 1nput requ1.rements 

of an IBM 1401 computer aval.lable for use 1n BRL. F1gure 8 shows tb1s 

tape format, tbe top sect1on 1ndicat~ a t1tle record and the bottom 

sect1on ~ndicat1ng a data record. 

The data 1n dig1tal form appear e~ther as tbe presence of a pulse 

1nd1cat1ng a b1nary "one" or the absence of a pulse 1nd1cat1ng a b1nary 

"zero". These b~nary d1g~ts, or b1ts, are produced SJ.multaneously on 

tbe seven-track tape recorder wr1te bead stack and are recorded laterally 

across the 1/2-l.nch Wl.dth of tape. One row of such data l.S 1nd1cated 

as a character. The f1rst four bits in a character conta1n the numer~cal 

1nformat1on generated 1n the system represent~ one decl.mal d~g1t. B1ts 

1n the A and B tracks respect1vely ~dent1fy the least Sl.gnl.fl.cant character 

~n a data word and ~dent1fy the s1gn of tbe word. The C track conta1ns 

b1ts requ1red for the "even" par1ty check of the system. 

The t~tle record consists of 12 characters of data 1nserted ~nto 

the system by the front panel t1tle sw1tches, at one character per sw1tch 

pos1t~on. A three-character gap 1n the tape (determJ.ned by the t1m1ng 

log1c 1n the system) then 1s generated and tb~s 1s followed by a s1ngle 

character labelled LRCC wh1ch 1s a long1tud1nal check character for 

further par~ty check~. An 1nter-record gap 3/4 of an 1nch ~n tape length 

1s then generated to complete the t1tle record. When the system 1s operat­

l.ng ~n the data modes the tape format cons1sts of a four-character word 

conta1n1ng performance analyzer data, followed by s1x characters of tl.mlng 

data, and tben two "pad" characters. Each word ~n the format must conta1n 

four characters, or groups of four characters, (modulo 4) and the pad 
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characters are added to fulf~ll th~s requ~rement in the tune word. 

Immed~ately follow~ng the last "pad" character are the characters form­

ing the data words, der~ved from the ~nput s~ls. The number of these 

data words ~s dependent upon t4e number of input channels in use and 

can be from one to 150 four-character words. After the last data word 

~ a record an LRCC character and ~nter-record gap are wr~tten before 

another success~ve data record ~s begun. 

When data runs are completed, an end-of-f~le gap 3 1/2 ~ches long 

~s made on the tape followed by an end-of-f~le character, a 3 character 

gap, an LRCC character, and a 3/4-~nch ~nter-record gap. The end-of-f~e 

character ~n this group ~s composed of a b~t ~ the f~rst four tracks. 

The end-of-flle sequence lS manually in~t~ated by an operator from the 

system control panel. Two successive manual sw~tch operat~ons are 

normally used to ident~fy the end-of-tape run. 

In the generat~on of a data word on the tape, the f~rst character 

represents the most s~gn~f~cant d~g~t and the fourth character represents 

the least s~gn~f~cant d~g~t of the recorded data. 

E. Modes of qperat~on 

The system ~s capable of operat~on ~n siX on-l~e modes and three 

off-l~e modes. The on-l~ne modes are those ~n wh~ch data from f~eld 

located sensors are.recorded on d~g~tal tape or read back from tape. 

In all the off-llne modes, except for the callbration mode, the tape 

transport ~s not used. The system's ~put source in the three off­

l~e modes ~s the output of the calibration power supply. F~gure 9 

shows the system control panel from which all these operat~onal modes 

are controlled. The s~ on-l~e modes ava~lable are playback, write 

t~tle, per~od~c scan, s~ngle scan, cont~nuous scan, and end-of-file 

funct~on. The three off-l~ne modes are performance analyzer funct~on 

1n test-s~gle pos~t1on, performance analyzer function ~n test~l 

pos~t~on, and cal1brat1on mode. 
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In the playback mode, pre-recorded data are read back from the d~gital 

tape and a spec~f~c data channel can be selected by switch operat~on for 

d1splay on the Data Value 1nd1cator. The proposed addition of a d1g1tal­

to-analog converter to the ex1st1ng system Wlll allow this selected channel 

to be recorded on an external chart recorder. 

In the wr1te t1tle mode, the data selected bythe 12 front panel 

sw1tches are recorded on tape pr1or to a record1ng run. This includes 

such 1dent1f~cat~on data as date, run number, test number and the l~ke. 

In the per~od~c scan mode, the system will completely scan all 

channels and record the data at 1ntervals set by the front panel sw1tch. 

These rates are 0.1 second, 1.0 second, 10 seconds and 100 seconds. The 

rate at wh1ch each sensor lS sampled rema~ns the same Ln each case, but 

the rate at wh1ch complete data scans are made var1es accord1ng to the 

sw~tch sett1ng. The s1ngle scan mode allows for only one scan to be made 

and recorded; the cont1nuous scan mode allows scann1ng to cont1nue unt1l 

manually stopped. The end-of-f1le mode allows the system operator to 

record the necessary data requ1red by the tape format to 1dent1fy the 

end-of-f1le. 

In the performance analyzer test-s1ngle mode, cal1brat1on voltages 

adJusted by front panel controls are used as the system 1nput. Any 

channel chosen by the sequence number selector sw1tch 1s cont1nuously 

d1splayed on the Data Value 1nd1cator and also compared w1th the 1nput 

voltage. If the value of the selected channel exceeds l1m1ts set by 

error l1m1t sw1tches, the error counter d1splays the number of t1mes 

the llmlt was exceeded. 

In the performance analyzer test-all mode, no data are recorded 

on tape. System 1nput lS the callbration voltage and all channels are 

compared w1th the selected error llmltS. If any channel exceeds these 

llmlts, the system stops, the value of the channel 1s d1splayed on the 

Data Value d1splay and the number of the channel 1n error 1s d1splayed 

on the sequence number 1nd1cator. Operation in these off-l1ne modes 

allows one to qu1ckly check overall funct1on1ng of the system, by 

determlnlng lf any channel lS 1n error and by 1nd1cat1ng whlch one lt ls. 
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In the cal~brat~on mode, the calibrat~on voltage ~s agaln used 

as the system ~nput and the system scans and records on tape all the 

channels ~n the system. Th~s occurs only when the mode sw~tch ~s ~n 

test-s~ngle pos~t~on. 

F. Pr~nted Data Presentat~on 

In check~ng the operat~on of the overall range data-gatherlng 

system ~nclud~ng both the d~g~tal sect~on and the f~eld meteorolog~cal 

sect~on,~t ~s often des~rable to have the data ava~lable ~n pr~nted 

form before a large number of data runs ~s made. F~gure 10 shows three 

types of pr~nted data wh~ch have proven to be useful ~n such a system 

checkout. 

The top two readouts were made w~th the IBM 1401 computer tabula~~ng 

the data d~rectly from the magnet~c tape ~nput. The top sect~on shows 

the recorded voltage outputs for 15 channels when a known cal~brat~on 

voltage, noted ~n the far left column as PA, was used as the parallel 

~nput to all channels. From th~s type of presentat~on ~t can easily 

be determ~ned ~f adJustments need to be made to the ~nput ampl~f~e:s 

to meet the des~red accuracy spec~f~cat~ons. 

The second sect~on shows the var~ous output voltages recorded on 

the 15 channels us~ng ~nput s~gnals der~ved from f~eld-located w~nd 

speed sensors. In th~s case the t~e data shows that success~ve scans 

of all channels were made at 0.1 second ~ntervals. The voltage recorded 

under column DW 11 shows the results of a defect~ve sensor and under 

column DW 15 the result of an open SLgnal l~ne. 

The last sect~on shows the f~nal des~red results obta~ned after 

the data were processed through a.computer. The f~rst pr~nt-out ~s 

the t~e of a spec~f~c scan followed by success~ve channels of ~nd 

speed ~n m~les per hour. D~rectly. below th~s, w~th the same t~me 

notat~on are the data for the w~nd d~rect~on ~n degrees. These data 

can also be obta~ned ~n a form wh~ch allows automatic plott~ng when 

des2red. 
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FIG. 10 - PRINTED DATA PRESENTATION 
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IV. SENSORS 

Meteorolog1cal measurements made to date ut1l1z1ng the data acqu1s1-

t1on system at the EMP range fac1l1ty have been w1nd speed, w1nd d1rect1on 

(both azlmuth and elevat1on), temperature and hum1d1ty. The types of 

sensors used to obtaln these measurements have been as follows: 

W1nd Speed and D1rect1on: AN/1MQ-l2; Meteorology Research, Inc., 

Vector Vane 1053; and Beckman and Wh1tley Ser1es 50. 

Temperature: Honeywell Model 92lA3 and Beckman and Wh1tley Model 

6o.L 

Humld1ty: Bend1x Model IlHGF-lP. 

A. W1nd Speed and D1rect1on 

l. The AN/GMQ-12 set cons1sts, of a w1nd speed sensor and a w1nd 

d1rect1on sensor w1th each feed1ng 1ts own convers1on and ampl1fy1ng 

c1rcu1t. The speed sensor operates us1ng a l1ght chopper techn1que 

where the rotation of a cup anemometer causes the chopper to 1nterrupt 

a l1ght beam to a phototube. The w1nd speed determ1nes the rate of 

1nterrupt1on of the l1ght beam and the phototube produces a result1ng 

pulse output. Th1s is converted to a varylng DC voltage wh1ch 1s 

ampl1f1ed and fed to the data acqu1s1t1on system. 

The w1nd vane of the d1rect1on sensor 1s mechanlcally coupled 

to the arm of a var1able res1stor. The pos1t1on of th1s arm, deter­

m1ned by the w1nd d1rect1on, results 1n a DC voltage appl1ed to an 

ampl1f1er and thence to the data acqu1s1t1on system. 

The two sensors are attached to a cross-arm wh1ch can be mounted 

on a 6-foot tr1pod or on any of the tower pos1t1ons. The assoc1ated 

ampl1f1er and power supply un1t for each type of sensor 1s located 1n 

an 1nstrument shelter near each tower s1te. The output s1gnals are 

then connected through a Junct1on box to the 1nstrument van for d1g1t1z1ng 

and record1ng. 
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2. The Model 1053 Vector Vane LnCludes ~n a s~ngle un~t the prov~s~on 

for measur~ng the w~nd speed and two components of wind d~rect~on, the 

elevat~on and az~uth. F~ure 3 shows a un~t mounted at the m~ddle level 

on a sensor tower. It has the advantage over the typeAN/GMQ-12 ~n 

accuracy, faster response time, and lower threshold character~st~cs. The 

fast response ~s ach~eved through ~proved aerodyn~c and mechan~cal 

des~gns wh~chm~n~mize the mass of the respons~ve ~urfaces and fr~ct~on 

~n rotat~ng parts. The d~ect~onal response ~s carefully matched to the 

speed response so that, ~th allowance for the small phys~cal separat~on 

of the sens~ng surfaces, both outputs descr~be the same ~nd change, or 

gust. Because of ~ts l~ght we~ght, care must be exerc~sed ~n handl~ng 

and mount~ng the un~t. 

The ta~l f~ns are l~ght plast~c w~th a th~n aluminum protect~ve 

cover~ng. The w~n~ll-propeller, used ~n place of cup anemometers, has 

four l~ght magnes~um blades. Al~num tub~ng ~s used ~n var~ous other 

parts. The vane can s~ng hor~zontally through a full c~rcle and can p~vot 

on the upr~ght shaft. Vert~cally ~t can deflect ± 60° turn~ng the shaft 

of a potent~ometer located ~n the hous~ng d~rectly above the upr~ght shaft. 

Th~s prov~des a res~stance change proport~onal to elevat~on angle. A 

m~n~atur~zed photocell and light source un~t ~s also mounted ~n the hous~ng. 

A l~ght beam chopper d~rectly attached to the propeller generates the out­

put wh~ch ~s lLnearly related to ~nd speed. 

The tube extend~ng from the base houses the p~vot shaft wh~ch 

operates a potentiometer under the cover at the base to produce a res~st­

ance change proport~onal to the az~uth angle of the vane. All sensor 

s~gnals pass through a low-drag sl~p r~ng and brush assembly to an output 

connector. 

Each Vector Vane requires an assoc~ated un~t to furnish the 

necessary power and three separate electron~c modules, one for each of 

the vane outputs. The modules conta~n the solid-state s~gnal-cond~t~on­

~ng c~rcu~ts for each type of s~gnal and produce an output both on a 

meter and at receptacles for connect~ng to the data acqu~st~on 
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system. Prov1s1on 1s made 1n each module ~or obta1n1ng ~ull scale 

cal1brat1on voltages and for range and l1near1ty adJustments. F1gure 11 

shows the Vector Vane and 1ts assoc1ated equ1pment. Character1st1cs are 

l1sted 1n Table AI of the Append1x. 

3. The Beckman and Wh1tley Ser1es 50 W1nd measur1ng system 1ncor­

porates several 1mprovements over other systems used on the range. The 

use of a1r-gap capac1t1ve transducers to sense the anemometer shaft 

rotat1on and vane pos1t1on w1thout contact or fr1ct1on greatly reduces 

mechan1cal wear 1nherent 1n d1rectly-coupled un1ts us1ng potent1ometers 

or servos. 

The speed sensor cons1sts of a staggered S1X-cup anemometer, 

wh1ch rotates on low torque ball bear1ngs and moves a capac1tor rotor. 

Th1s produces an ampl1tude modulated s1gnal wh1ch 1s demodulated to 

prov1de a s1nuso1dal output voltage, the frequency of wh1ch 1s 4o t1mes 

that of the shaft rotat1on. All of the necessary c1rcu1try 1s mounted 

1n the hous1ng support1ng the anemometer and 1s encapsulated 1n pott1ng 

compound to 1mprove rel1ab1l1ty. 

The d1rect1on sensor cons1sts of a w1nd vane wh1ch can rotate 

freely on low torque bear1ngs. As the w1nd d1rect1on changes the vane 

moves and the shaft turns caus1ng a capac1tor rotor to move. Th1s phase 

sh1fts a 1 kc/s s1nuso1dal s1gnal relat1ve to a 1 kc/s reference s1gnal 

by an amount d1rectly proport1onal to the w1nd d1rect1on az1muth. Measure­

ment of th1s phase sh1ft produces the des1red oucput. The c1rcu1try for 

th1s 1s also mounted and encapsulated 1n a hous1ng support1ng the Wlnd 

vane. 

The output s1gnals from the Wlnd speed sensor are converted to 

constant volt-second pulses whose average de value lS d1rectly propor­

t1onal to w1nd speed. Th1s output 1s coupled to the data acqu1s1t1on 

system through su1table RC-f1lter networks. The s1gnals from the w1nd 

d1rect1on sensor are converted to pulse w1dths wh1ch are d1rectly pro­

port1onal to Wlnd d1rect1on. Th1s output 1s also coupled to the data 

acqu1s1t1on system through RC-f1lters. S1nce the Ser1es 50 system 
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produces outputs wh1ch are frequenc1es 1nstead of de voltages, these 

s1gnals can be transmltted up to 10 m1les before 1nsert1on 1nto the 

translators and thence to a data record1ng system. For range appll­

catlons 1t 1s more des1rable to have the translators d1rectly at each 

f1eld, or sensor s1te. 

The d1rect1on sensor and speed sensor are each mounted on one 

end of a cross-arm of alUmlnum to allow e1ther tr1pod or tower mount1ng. 

A spec1al f1xture 1s ava1lable for 1n1t1al al1gnment of the d1rect1on 

sensor, and for replacement of sensors w1thout real1gment. F1gure 12 

shows the Ser1es 50 w1nd measur1ng set. Characterlst1cs are l1sted 1n 

Table AII of the AppendlX • 

B. Temperature 

The measur1ng system used to obta1n temperature data lS the Beckman 

and Whitley Model 140 wh1ch cons1sts of 18 res1stance type sensors, an 

1nd1v1dual res1stance br1dge for each sensor, br1dge power suppl1es, 

ampllflers, and a test Clrcult, Both the Beckman and WhltleyModel 60.1 

sensor and the Honeywell Model 921A3 sensor, 1nd1vldually mounted 1n a 

Model M327 asp1rated thermal rad1at1on sh1eld, have been used. The 

sensor 1s connected as one s1de of a res1stance br1dge 1n a manner such 

that var1at1ons 1n sensor res1stance due to temperature changes produce 

a br1dge output voltage. Thls lS ampl1f1ed and fed to the data acqulsltlon 

system for record1ng. 

The sensor element 1s supported by a termlnal board 1n the upper 

neck of the sh1eld assembly. A co-ax1al 1nternal sh1eld with an absorp­

tlon spectrum d1fferent from the rad1at1on spectrum of the outer sh1eld 

reduces the exchange of heat by re-rad1at1on to the sens1ng element. The 

heat lS g1ven up to the a1r stream and extracted from the assembly by a 

squ1rrel-cage blower. Add1t1onal reflectors surround1ng the upper and 

lower sensor reg1ons are prov1ded by the rad1at1on sh1eld. Th1s type of 

sh1eld lS shown 1n F1gure 13. 
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The sh1elded sensors are connected to the1r respect1ve br1dge 

c1rcu1ts through the long s1gnal lines; two pa1rs of W1res are needed 

for each sensor. Each br1dge 1s 1Ddependently powered by 1ts own supply 

and all 1ts res1stors are conta1ned 1n a s1ngle plug-1n un1t. The br1dges 

are rack mounted 1n groups of ten per chass1s and these are located 1n 

relay racks to the r1ght of the data acqu1s1t1on system 10 the 1nstrument 

van. The res1stors 1n each br1dge are ta1lored for use w1th spec1f1c lead 

w1re res1stances from the tower s1tes and are not 1nterchangeable. Each 

brldge conta2ns two tr1m potent1ometers for span and zero adJustment when 

1n use w1th the sensors at spec1f1c s1tes. 

The br1dge uses a Kelv1n double br2dge mod1f1cat1on of the conven-

t1onal Wheatsone br1dge to 1ncrease accuracy by suppress1ng errors due to 

var2at2ons lD lead w2re res2stance. The br2dge operates from a well­

regulated 10 volt de source furn2sh2ng exc1tat1on current of 0.8 m1ll2-

amperes to the sensor. The voltage output of the br2dge var1es from 0 
0 4 0 volts at -40 F to 0.05 volts at~ 1 OF as shown below. Th1s output 1s 

ampl1f2ed by a sol1d-state operat1onal ampl1f1er, Fa1rch1ld Model A00-6, 

w1th a f1xed ga2n of 100: th1s perm1ts a 0 to 5.0 volt output to be fed 

to the data acqu2s1t1on system. The test c1rcu1t cons1sts of a Zener 

regulated d1v1der network, a sw1tch1ng arrangement, and front panel meter 

to allow the check1ng and meter1ng of each br2dge ampl2f1er. 

The follow1ng table shows the relat1onsh2p of temperature, sensor 

res1stance, and br1dge output voltage obta1ned W1th the measur1ng system. 
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Temperature 
(OF) 

-4-o 
-30 
-20 
-10 

0 
+lO 

20 
30 
4o 
50 
6o 
70 
80 
90 

100 
no 
120 
130 
l4o 

Bridge Output 
(Volts) 

.000000 

.002149 

.005492 

.008229 

.010982 
·013728 
.016489 
.019285 
.022071 
.024870 
.027659 
.030438 
.033208 
.035987 
.038755 
.041551 
.044355 
.047165 
.050000 

Sensor ResLstance 
(ohms) 

417.3 
429.4 
441.6 
453.9 
466.4 
479.0 
491.8 
504.9 
518.1 
531.5 
545.0 
558 6 
572.3 
586.2 
6oo.2 
614.5 
629.0 
643.7 
658.7 

The Beckman and Whitl~Mode1 60.1 sensor 1s a manganLn-n1ckel 

wLre res1stance thermometer element constructed to prov2de max2mum per­

formance Ln the radiat2on sh1eld. The wLre LS wound on the outs2de 

of a th1n metal,hollow cyl1nder approximately 2 1nches long attached 

to a mount1ng strLp to allow insertion 2nto the rad1ation sh1eld. Th1s 

type of construction was used to obta1n a fast response wh1ch produced 

a t1me constant of 0,35 seconds 2n st1rred 021. Exper2ence w1th these 

sensors 2n the f1eld 2nd1cates that they are extremely fragile and the 

res1stance w1re tends to break unless extreme caut1on 1n handl1ng 1s 

used. Several of the un1ts showed a break 1n the w1re after they had 

been properly placed 1n the sh1elds and 1n2t1ally checked. Further 

des1gn effort must be spent to prov1de a pract1cal f1eld sensor of th1s 

type 1f fast response 2s requ2red. The second type of temperature sensor 

used was the Honeywell Model 921A3 n2ckel res1stance thermometer bulb, 

w2th the w1nd2ng encased 2n a sta2nless steel outer shell. It has the 

same temperature-res1stance character1st1cs as the Model 60,1 and can 

be d1rectly subst1tuted for it 2n the br1dge system. Th1s sensor wa~ 

adapted for mount1ng 1n the same rad2at2on sh1eld as the Model 60.1 



sensor. It has proved to be rugged enough for fLeld use but Lts tLme 

constant LS several tLmes greater than that of the Model 60.1 and Lts 

use LS lLmLted to measurements where thLs factor LS not Lmportant. 

C. HumLdLty 

Measurements of humLdLty have been made on the range usLng the 

Bendix Corporat1on's Model DHGF-lP dewpo1nt hygrometer. In th1s 1nstrument 

the dewpoLnt temperature LS determLned by passLng an electrLc current 

of suffLCLent magnLtude through a PeltLer JunCtLon to form a thLn layer 

of frost on a SLlver m1rror surface. The temperature must be controlled 

so that the thLn layer of frost LS ma1nta1ned at approxLmately a constant 

thLckness. WLth the condLtLon of unchangLng thLckness, the saturated 

water vapor pressure over the ffilrror fLlm LS equal to the partLal pressure 

of water vapor Ln the aLr sample. Then the ffilrror surface temperature 

LS the dewpoLnt of the a1r sample. 

Two methods of detectLon of thLs layer of frost are used, the fLrst 

one monLtors the thLckness by a photocell focussed on the mLrror surface, 

controll1ng, through a servo amplLfLer, the current to the PeltLer Junct1on, 

the second method uses a therm1stor 1mbedded Ln the ffilrror to monLtor the 

temperature of the ffilrror requLred to ma1nta1n the frost th1ckness at 

equ11Lbrum. A s1gnal cond1t1on1ng ampl1f1er converts the therm1stor out­

put to a useful voltage output. 

The 1nstrument LnCludes two un1ts, one the power supply and the other 

the sens1ng, or hygrometer sectLon. Both are shown 1n F1gure 14. Attached 

to the sensLng sect1on 1s a passLvated sta1nless steel 1nlet tube wh1ch 

allows a1r samples to be brought to the m1rror pos1tLon w1thout changLng 

the sample's moLsture content. The servo ampl1f1er and control c1rcuLtry 

are also 1ncluded 1n th1s un1t. 
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V. CALIBRATION METHODS 

S1nce the data acqulsltlon system operates Wlth analog 1nput s1gnals 

over the range of 0 to ± 5 volts, 1t lS necessary to convert the phenomenon 

be1ng measured to a voltage. The callbratlon of the measur1ng dev1ce, 

or sensor, becomes most lmportant lf mean1ngful measurements are to be 

obtalned. Facllltles for produc1ng, controlllng, and measur1ng the envlron­

ment over the des1red operating range for the calibration of all types of 

sensors used 1n f1eld measurements are des1red but are not always ava1lable. 

In lleu of th1s d1rect1on cal1brat1on, the data furn1shed by the manu­

facturer must be rel1ed upon. 

Exper1ence on the EMP range Wlth a large number of var1ous types of 

sensors 1nd1cates that sensor cal1brat1on lS a maJor part of any f1eld 

measurement program. Once th1s has been carefully completed, the actual 

data gather1ng process lS very fast because of the high speed of the data 

acqu1s1tlon system. 

A. W1nd Speed Sensor Cal1brat1on 

Two methods have been used for the cal1brat1on of Wlnd speed sensors, 

one utlllZlng the fac1l1t1es of the BRL w1nd tunnel and the other a more 

d1rect, but less prec1se fleld cal1~rat1on. 

1. W1nd Tunnel Cal1brat1on. Three types of Wlnd speed sensors, or 

anemometers, were ava1lable for cal1brat1on 1n the BRL W1nd tunnel. These 

included two un1ts of Type AN/GMQ-12, three un1ts of the M.R.I. Vector 

Vane 1053, and one un1t of Cllmet Model 011-1. A Slngle sensor at a t1me 

was attached to a su1table mount wh1ch was placed 1n the alr stream 1n the 

93-lnch sectlOn of the supply header plplng of Tunnel Number 3. By sett1ng 

the nozzle throat, controlled alr veloc1t1es were generated over the range 

of approxlmately 1 to 19 mlles per hour and were accurate to ± 5 percent. 

C1rcu1try assoc1ated w1th the sensor produced an output s1gnal w1th a 

frequency proport1onal to w1nd speed. Th1s frequency was measured on a 

counter and pr1nted out Wlth a d1g1tal pr1nter every two seconds for the 

durat1on of a run. The a1r stream was allowed to stab1l1ze at each des1red 

speed and then data were obta1ned for several m1nutes on each run. A large 



number of data po1nts was thus obta1ned for each sensor at each speed 

over the ent1re speed range. Table I shows the data summary of these 

w~d tunnel cal1brat1ons. The summary 1nd1cates lower standard dev1at1ons 

1n the measurements made us1ng the Vector Vane than from the other two 

types of sensors. The standard dev1at1ons are apprax1mately the same 

for the AN/GMQ-12 and Cl1met Model 011-1. Th1s was pred1ctable s1nce 

both types are qu1te SliDl.lar 1n desl.gn and use anemometer cups as the 

sens1ng dev1ce. The Vector Vane uses a sharply p1tched propeller 1n 

place of the anemometer cups. Thl.s appears to l.IDprove the cons1stency 

of measurement over the range of cal1brated Wl.nd speeds. A second run 

was made on one unl.t of the AN/GMQ-12 and the data summary shows reason­

able agreement Wl.th the fl.rst run. 

From these data the best stra1ght l1ne equat1on was calculated 

and plotted for each sensor cal1brated. F1gure 15 shows the results for 

a typ1cal sensor of each type call.brated 1n the Wl.nd tunnel. 

Before the system can be used 1n the f1eld, one must know the 

relat1on between the frequency of the output s1gnal (produced by the 

a1r speed on the sens1ng dev1ce) and the analog output voltage must be 

aval.lable. Usually the manufacturer furn1shes data wh1ch relates the a1r 

speed and the output frequency for a spec1f1c type of sensor. As an 

example, the cal1brat1on of an anemometer cup un1t used w1th the AN/GMQ-12 

un1t was as follows: 

S (1n mph) = 0.637 + FremJenC~ ( 
29.5 7 

1n cps) 

Thus, a known output frequency equ1valent to a spec1f1c ~put a1r speed 

on the sens1ng dev1ce could be- determ1ned. Then a su1table signal of 

thls frequency could be fed 1nto the assoc1ated ampl1f1er cl.rcul.ts and 

the output voltages measured, F1gure 16 shows a graph of 2nput frequency 

versus output voltage for var1ous scale sett1ngs of an AN/GMQ-12 ampl1f1er. 

,' 
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Table I 

Data Swmna.ry, BRL Hind Tunnel Tests 

SENSOR: M.R.I. VECTOR VANE ( 20 SIDTS) 

Serial 160 Serial 162 Serial 163 

Frequency Frequency Frequency 
Air Velocity Data Output Std. Data Output Std. Data Output Std. 

Ft./Sec. MiLHr. Points (Mean) Dev. Points (Mean) Dev. Points (Mean) Dev. 

27.0 18.41 115 191 0.77 155 196 0.91 74 194 0,73 
23.5 16.02 - - - 74 162 2.47 
16.0 10.91 116 118 0.67 80 114 6.54 94 119 0.62 
7.0 4.77 121 49 0.71 129 50 0.66 98 46 0.55 
4.1 2.79 79 28 0.77 121 28 0.73 116 26 0.68 
2.2 1.50 226 16 0.51 86' 17 0.76 88 15 0.80 
1.5 1.02 126 14 1.53 122 7 0.56 

SENSOR: ANLGMQ-12 ( 100 SLOTS) 

£i" Ser. 48 (Run 1) Ser. 48 (Run 2) Ser. 42 
27.0 18.41 77 582 4.25 142 542 5.19 57 602 4.66 
23.5 16.02 - - - - - - 56 514 5.26 
16.0 10.91 94 349 5.59 119 329 4.24 85 365 4.25 
7.0 4.77 131 140 2.27 164 133 2.35 
4.1 2.79 141 76 1.76 74 74 1.56 
2.2 1.50 182 43 2.18 lo6 37 2.42 
1.5 1.02 96 19 3.09 
1.5 1.02 50 17 3.18 

SENSOR: CLIMET-MODEL 011-1 (100 SLOTS) 

Ser. 17~ 

27.0 18.41 86 605 4.64 
23.5 16.02 119 499 6.16 
16.0 10.91 67 364 4.17 
7.0 4.77 47 149 2.18 
4.1 2.79 102 82 1.55 
2.2 1.50 85 45 0.98 
1.5 1.02 103 18 1.06 
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2. Field Calibration. It soon became evident that it was not 

practical to calibrate each wind speed sensor in the wind tunnel for 

every program, especially s1nce some programs required the use of many 

sensors. To simulate specific air velocities it was necessary to use 

a method suitable for quick, accurate calibration of sensors installed 

at their various field positions. A group of synchronous motors, each 

geared down to a desired shaft speed and covering an equivalent range 

of wind speed from 3 to 21 mph was obtained. The powered shafts of 

these units were temporarily attached to the shafts of the sensors 

through a rubber bushing or coupling. The sensor shaft thus rotating 

at a known speed produced a voltage at the system output. It should 

be noted that the same group of motor drive units did not serve to 

calibrate all of the types of wind speed sensors presently available. 

This was due to the differences in the number of slots in the light 

chopper discs of sensors of various manufacturers. However, a total 

of six units was adequate to calibrate all available sensors. In 

cal1brating the Vector Vane 1053 wind speed sensor, it was necessary 

to account for the propeller pitch in determining the equivalent wind 

speed for a specific motor drive unit. 

The first field calibrations using the simple method were made 

w1th the sensors in place at various positions as noted. Operating 

personnel were elevated to the sensor positions with the use of a "cherry­

picker" lift veh1cle. The motor drive units were then coupled to the 

sensor shafts and a complete calibration was made through the whole system, 

including amplifiers and long interconnecting lines to the data acquisi­

tion van. The output voltages were measured on digital voltmeters and 

recorded. Table II is a summary of this field calibration. From these 

measurements the best straight line equation was obtained for each field 

cal1brated sensor. These are 1ncluded ln Table III and have served as 

the sensor calibrations for most field programs. At a later date, two 

units of a new type of wind speed and direction system designated as the 

Beckman and Whltley Ser1es 50, were obtained. Similar calibrations were 

made on this model and the results, including the best straight line 

equations, are listed in Tables IV and V. 
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Table II 

F1eld Cal1brat1on, W1nd Speed Sensors 

DRIVE MOTOR SHAFT SPEED IN rps 
SENSOR FIElD TOWER SENSOR - - - - - - _1:67 - - r -1.o --r -5.o - -T --6:o- -
SERIAL SITE LEVEL TYPE 1,2 
NUMBER - - - - - _l:J_E~u:v~~~ ~~-s~irD_I~ ~~ _ T _____ 

4,69 6.28 10.78 17.55 20.91 
(2) MEASURED OUTPUT VOLTAGES 

5 1 bottom PJ!~GK~-12 0.840 1.136 1.914 3o091 3.702 
56 1 top AN/GI1Q-12 0.898 1.214 2.124 3o297 3.976 
15 2 bottom AN/GMQ-12 0,834 1,123 1.926 3,110 3o692 
47 2 top AN/GMQ-12 0.887 1.219 2,001 3o278 3o888 
63 3 bottom AN/GMQ-12 0,870 1,160 1.992 3.218 3o795 
21 3 top AN/GMQ-12 0,867 1.150 1.956 3.186 3o783 
45 4 bottom AN/GMQ-12 0.862 1.1)8 1.970 3ol78 3o778 
57 4 top AN/G>IQ-12 0.852 1,158 2,014 3o236 3.854 
49 5 bottom AN/GMQ-12 0,871 1.167 2.006 3o199 ).840 
59 5 top AN/GMQ-12 0.879 1,168 1.995 3.217 1.848 

(1) N,B,S, cal1brat1on used for MEAN 0.886 1.1633 1,9898 3o2010 3.8156 
calculation of veloc1ty STD DEV. 0,0275 0,0298 0.0551 0,0615 0,0807 

(2) Measured at Van w1th DANA DVM 
Ampl1f1er Scale 30 mph 

-------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SENSOR FIElD TOWER SENSOR 1----- DRIVE MOTOR SHAFT SPEED IN rps 

- -,:o- - - r -~:o- - - f - 6.o - - -1 - io:o- -1.67 SERIAL SITE LEVEL TYPE 
NUMBER (1) EQUIVALENT WIND SPEED IN MPH 

""2.2s-- i- -s:9;-- i -9:89--- -ri.a6-- -~- 19:77-

165 1 center MRI VECTOR VAll 
163 2 center MRI VECTOR VAN 
161 3 c~nter MRIVECTOR VAN 
118 4 center MRI VECTOR VA 
166 5 center MRI VECTOR VAll 

' -, - ~"-- ~ _, C'-... "'.L ,..,,.., c 

and Output frequency 1s 20 cps;rev 
(2) Voltages measured at Data Van w1th 

DANA DVJ•l 

I MEAN 
. STD DEV. 

E 0.645 
E 0,646 
E 0,728 
N~o.648 
E 0.646 

O,bb2b 
0,0)26 

' I 2 l MEASURED OUTPUT VOI; AGES 

I 
1.308 I 2,J47 2.867 '+.079 
1.312 I 2.)54 2.876 4.992 

I 1.395 2.390 2.886 4.891 ' 
I l,JJ8 I 2.)72 2.894 4.862 

1.272 ' 2.?67 2.827 4.865 : 
1.325 ! 2,)1J.6 2.tl70 4,88)8 

' 0,0405 0,0422 0.0422 0,0217 



Table III 

Calibration Data, Wind Speed Sensors 

SENSOR TYPE SERIAL NO, m! BEST EQUATION OF STRAIGHT LINE 

AN/G!IQ-12 48 Wind Tunnel where X ~ wind velocity in mph & 
(Run 1) Y = output freq, in cps 

Y = :32,28X -9.78 
AN/G!IQ-12 48 W1.nd Tunnel Y = JO.llX -8.12 

(Run 2) 
Climet, 011-1 17:3 Wind Tunnel Y : )2,65X -5.:36 

MRI Vector Vane 160 Wind Tunnel Y = 10,47X •0.0:32 

MRI Vector Vane 162 Wind Tunnel y = 10.42X +0,025 

MRI Vector Vane 16:3 Wind Tunnel y =10.78X -2.64 

AN/GMQ-12 Mf'r Calibration Y ~ 29.25X -14.6 

SENSOR TYPE SERIAL NO. m! BEST Ji!9UATION OF STRAIGHT LINE 
where X = wind velocity 1.n mph & 

Y = output volta~e 

AN/GMQ-12 49 Field Calib Y = O.l82X +0.024 

AN/G!IQ-12 59 Field Cahb Y = o.l8:3X +O,Ol7 

AN/G!IQ-12 5 Field Calib Y = O.l75X +0,029 

AN/GliQ-12 56 Field Calib Y = O,l88X +0,0:37 

AN/G!IQ-12 15 F1.eld Calib Y = 0.176X +0,017 

AN/G!IQ-12 47 Field Calib Y = O.l84X +0.0:38 

AN/GMQ-12 6:3 Field Calib Y = O.l81X +0,026 

AN/GMQ-12 21 Field Calib Y = O.l80X +0,020 

AN/GMQ-12 45 F1.eld Calib Y = O.l80X +0.017 

AN/GMQ-12 57 Field Calib Y =O,l84X +0.006 

MRI Vector Vane 161 Field Calib Y = 0,249X -0.052 

MRI Vector Vane 118 Field Calib y = 0.252X -0.117 
MRI Vector Vane 16:3 Field Calib Y = 0,256X -0.158 

MRI Vector Vane 165 Field Calib Y = 0.254X -0.151 
MRI Vector Vane 166 Field Calib Y = 0.25:3X -0,175 
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Table IV 

Cal1brat1on Data, B&W Series 50 W1nd Measur1ng s,rstem 

OUTPUT VOLTAGE - WITH ifl FILTER 
WIND SPEED TRANSIATORlFl34 TRANSIATOR11'138 

* 60 M.P.H. 60 M.PJL MILES EQUIVALENT 
I 30 M.P.H. 90 M.P.H. 30 M.P.H. 90 M.P.H. 

PER HOUR FREQUENCY SCALE SCALE SCALE SCALE SCALE SCALE 

0 o.oo 0.02 0.015 0.01 0.02 0.015 0.01 

5 51.68 O.l/ 0.08 o.o6 0.1'7 0.10 0.07 

10 110.78 0.34 0.18 O.ll 0.35 0.1'7 0.12 
I 

20 228.97 I o.69 0,34 0.22 0.70 0.36 0.24 
I 

30 347.16 I 1.04 0.53 0.36 1.05 0.52 0.35 

40 465.35 ' 1.38 0.70 0.47 1.39 0.71 0.48 

I 50 583.54 0.88 0.59 0.88 0.59 
I 

~ 6o 701.73 1.04 0.70 1.05 0.71 

70 819.92 1.22 0.82 1.22 0.82 

80 938.11 1.38 0.93 1.39 0.95 

90 1056.30 1.05 1.05 

100 1174.49 I 1.16 1.16 

110 1292.68 
I 

1.27 1.27 

120 1410.87 1.38 1.38 
- ~-

I -------- -----

* From mfr. where speed~ 0.0846 x Frequency (in c.p.s.) + 0.627, for 40 slot sensor. 

DIRECTION > I 00 90° 180° 270° 360° 

OUTPUT VOLTAGES 

Transm1tter 158, Translator 152 I o.oc 0.28 0.54 0.76 0.99 
Transmltter 158, Translator 159 I o.oo 0 27 0.53 0.77 0.99 
Transmitter 160, Translator 152 o.oo 0 24 0.50 0 75 0.98 
Transmlcter 160, Translator 159 I 0.00 0.24 0.50 0.75 0.98 



Table V 
Field Calibration of Wind Speed Sensors Using Motor Drive 

MOTOR 
GEAR R.P.S. 
RATIO 

5:1 

6:1 

10:1 

':- 12:1 

20:1 

36:1 

50:1 

12 

10 

6 

5 

3 

1.61 

1.2 

FREQ. 
IN 

C.P.S. 

1200 

1000 

600 

500 

300 

161 

120 

AN/GMQ-12 
( 100 SLOTS) 

EQUIV. VOLTAGE 
SPEED OUTPUT 

IN ( 30 SCALE) 
M.P.H. 

(1) (2) 

41.24 

34.47 

20.93 

17.55 

10.18 

6.28 

4.69 

3.820 

3.207 

1.979 

1.162 

0,874 

Best straight line I 30 scale: y = O.l814(x) 
equat1ons, where y [ + 0.023 
is the output volt-~ 
age and x is the wind!' 
velocity in M.P.H. 

FREQ. 
IN 

C.P.S. 

240 

200 

120 

100 

6o 

33-3 
24 

M.R.I. 
VECTOR VANE 

(20 SLOTS) 

EQUIV. 
SPEED 

IN 
M.P.H. 

(3) 

23.73 

19-77 
11.86 

9-89 

5.93 

2.95 

2.37 

VOLTAGE 
OUTPUT 

( 20 SCALE) 

( 4) 

4.94 

2.97 

2. 47 

1.48 

0.74 

0.59 

20 scale: 
y = 0.250l(x) - .0004 

80 scale: 
y = .06255(x) - .0016 

NOTES: (1) From NBS Cal1bration where x- 0 627 +Frequency lin c.p.s.) . . . ' - . 29.5 7 

FREQ. 
IN 

C.P.S. 

480 

4oo 

24o 
200 

120 

66.7 

48 

mw 
SERIES 50 
( 40 SLOTS) 

EQUIV. VOLTAGE OUTPUT 
SPEED 90 60 30 

IN SCALE SCALE SCALE 
M.P.H., 

(5) (6) 

41.24 

34.47 

20.93 

17.55 

10.78 

6.27 

4.69 

0.481 

o. ~3 
0.247 

0.208 

0.129 

o. 07'7 

0.059 

0.722 1.443 

o.6o5 1. 209 

0.371 0.741 

0.312 o.624 

0.194 0.387 

0.116 0.231 

0.089 0.177 

90 scale: y = .Oll54(x) + 0.005 
60 scale: y = .Ol73l(x) + 0.008 
30 scale: y = .03462(x) + 0.015 

(2) From best straight line equation obtained by motor drive calibration on ten (10) sensors. 
(3) Where propeller pitch is 2.90 feet/revolution. 
(4) Values obtained from field data using motor drive, where 5.0 volt output= 20 M.P.H. 
(5) From manufacturers data where x = 0.627 + o.o846 x (Frequency). 
(6) Values obtained from field data using motor drive cal1brat1on. 



The calibration data indicate that the best method of wind speed 

calibration is the wind tunnel method since it yields the most consistent, 

repetitive results under controlled conditions. For most programs, how­

ever, the field calibration method will usually be adequate for the measure­

ment accuracies desired. Calibration can be done by non-technical personnel 

after the sensors have been mounted in the field positions. 

B. Wind Direction Calibration 

S1nce the wind vane of the direction sensor is coupled directly to the 

center arm of a potentiometer, a de voltage determined by vane position can 

be obtained. The important point to note is that the center pos1t1on of the 

potentiometer's total range must represent the center of the voltage range. 

This reference point must also be known with respect to true compass position 

for the de output voltages to have any d1rect1on s1gn1f1cance dur1ng a f1eld 

data run. This requires careful sensor installation at all field sites and 

the proper orientation of each direction sensor with a known compass position. 

At the EMP range, Magnetic West was chosen as this reference point, repre­

senting mid-scale in voltage and 18o0 in direction. Calibration was accom­

plished by shifting the vane position in known horizontal angular increments 

and recording the resultant voltage. To do this, a round, flat, metal plate, 

or Jig, was obtained with notches cut on the outside circumference every five 

degrees. The Jig was placed over the sensor housing in a manner that would 

allow the vane arm to be positioned into any notched position. After the 

center voltage position was obtained for the mechanical center position of 

the vane on the j1g, the complete sensor and Jig was oriented to the desired 

compass position and locked 1n place. Cal1brat1on was carr1ed out 1n 45° 
increments. Figure 17 shows the Jig in the cal1brate pos1t1on for a 
direction sensor at the top level of a sensor tower. Table VI is a summary 

of the field calibrations made in the above manner on ten AN/GM~-12 direction 
sensors, and five Vector Vane 1053 sensors. It should be noted that the 
latter sensors could be calibrated both in azimuth and eleyat1on. For the 

Vector Vane sensors, the same calibration techique was used but required 

Jigs furnished by the manufacturer. The horizontal positions could be 
obtained in 15° increments over a 360° range and the vertical position in 

15° increments both plus and minus 60° from the level position. Figure 18 
shows the direction calibration for a Vector Vane 1053 sensor. 
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FIG. 17 - ON- SITE CALIBRATION OF WIND DIRECTION SENSOR USING JIG 



TYPE 
SENSOR FIElD TOWER 
SERIAL SITE LEVEL 

Table VI 

F1eld Cal1brat1on of W1nd D1rect1on Sensors 

~< lj 1'1_eas1lred Outpu_t __ V_o 1 +~• .,.,. 

WEST NORTH 
180 2 0 

~N/GMQ-12 14 1 BOTTOM 4.973 0.708 1.312 1,915 2,510 3,110 3o724 
, ~·12 11 l TOP 4,7)1 0,714 1,342 1.924 2,574 3.192 3.821 

~/GMQ-12 44 2 BOTTOM 4.936 0,687 1,295 1.920 2,524 3.144 3,766 
~/GMQ-12 36 2 TOP 4,881 0,679 1.299 1.848 2.501 3.104 3.710 
~N/GMQ-12 22 3 BOTTOM 4.911 0.575 1.244 1.880 2.1~93 3.093 3.699 
~/GMQ-12 7 3 TOP 4.936 0.684 1.326 1.931 2.520 3.037 3,680 
~N/GMQ-12 30 4 BOTTOM 4,891 0.540 1.171 1.810 2,461 3.102 3.742 
~/GMQ-12 33 4 TOP 4,914 0.777 1,)81 1.936 2.513 3.087 3.662 
~~GMQ-12 28 5 BOTTOI1 4.954 0.639 1,286 1,891 2.474 3.058 3.673 
iANtGMQ-12 10 S TOP 4.962 0,642 1.261 1.88 2,S28 1.1Sl 1.~ 84 

4.358 
4.444 
4.387 
4.306 
4.302 
4.303 
4.392 
4.283 
4.315 

'·'"' 
I I MEAN I 4.9089 0,6645 1.2919 1.8992 2. 5098 1.1078 1, 261 ~ 1~~(, I 

I STD DEVI 0,0656 0,0654 0.0546 0,0349 0.0296 0.0429 O. >492 I 0 0611 I 
VI 

--l ~I VEC. VANE 165 1 CENTER 0,092 0,628 1,272 1,877 2.473 3,099 3.723 I 
~I 163 2 CENTER 0,081 0.699 1.321 1.931 2.533 3.154 3.779 

4.348 
4.403 
4.515 
4.301 

~I 161 3 CENTER I 0.036 0.607 1.252 1.902 2.575 3.231 3.885 
~I 109 4 CENTER 0.023 0.568 1.197 1.811 2,444 3.081 3.711 
M!l.J: _ 111 5 CENTER o.o92 o.6S7 1,259 1.865 2.so6 1.110 1.?z 

I MEA!''I I 0,0648 0,6)18 1.2t 02 1.8772 2. 5062 1.: 
1 sTD DEVJ o.02<I4 o.o444 0.0397 o.o4"1 o.o457 o.oi78 T o.o6o4_ 

SENSOR F.T: 

.1Qi_ 

~ 
>. Q79'3 

TYPE SERIAL 
FIELD 
SITE TOWER I +6o" LEVEL ""''T) I ov I -6o' 

Volta~~:es 

(1) Measured at Data Van W>.th Dana D1~ta1 
Voltmeter 

~I VEC. VANE 165 
~I 163 
~ 161 
MRI 109 
IMFrr_ 111 

1 
2 
3 
4 
s 

CENTER 4.799 
CENTER 4,888 
CENTER 4.880 
CENTER 4.959 
r.F.NrF.R 4.9S2 

MEAN \ 4.8956 
STD DE'~\ 0,058 

2.469 
2.476 
2.380 
2.506 
?.40~ 

?.!,/)<;? 

0,01146 

0.026 
o.o)8 
0.023 
0.019 
0.01( 
0.02?2 
O.Olo 
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FIG 18. DIRECTION CALIBRATION OF M. R.I. VECTOR VANE 



c. Temperature Calibration 

The relation of the output volta~e of the bridge system to the 

equivalent temperature was determined by the manufacturer and is expressed 

in the following equation: 

Temperature (°F) = -886.28(e2) + 3644.38e -40.00, where e is the 

bridge output voltage. 

Using this equation, calculated values of temperature were obtained for 

specific bridge output voltages as follows! 

Bride;e 0utj2Ut in Volts Te!J2erature in Dee;rees F 

o.ooo -4o.ooo 

0.003 -29.075 

0.005 -21.800 

o.oo8 -10.902 

0.011 -0.019 

0.014 +10.847 

0.017 +21.698 

0.019 +28.923 

0.022 +39· 747 

0.025 +50.556 

0.028 +61.348 

0.030 +68.533 

0.033 +79.300 

0.036 +90.049 

0.039 +100.783 

0.042 +111.501 

o.o44 +118.636 

0.047 +129. 328 

0.050 +140.003 

Since there is an amplifier between the bridge output and the data measuring 

system, the above values of "e" are increased 100 times before converswn to 

digital outputs. The graph of these data is shown in F~gure 19. From this 

the values of the best straight line equation were determined. 
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y = mx + b where m is the slope in volts per degree F. 

b is the intercept on the voltage axis. 

y is the output voltage. 

x is the temperature in degrees F. 

y = 2.[[8 x 10-2 volts/degree (x) + 1.095 

or 

Y -1.095 x 102 = x (in degrees F) 
2.[[8 

Using either the graph or the above equation, the values of temperature 

may be easily determ~ned. 

To make the field calibrations of the temperature measuring system a 

type D-100 temperature chamber was obtained and placed at Site 3. With 

this chamber it was possible to produce a controlled temperature over the 

range of -20 to +100 degrees Fahrenhe~t. A type T thermocouple and a 

Honeywell resistance bulb, Model 921A3, were both placed in an alcohol 

bath and the container was positioned in the controlled chamber. The 

thermocouple reference Junction was maintained in an ~ce bath throughout 

the calibration run. The resistance bulb was connected to the Model 140 

bridge system described above and the output voltages were measured on 

an accurate digital voltmeter in the data van. The output of the thermo­

couple was measured by the standard potentiometric method at the field site. 

The chamber temperature was changed in approximately 10 degree steps over 

the noted range. Table VII shows the results of this calibration. The 

resistance bulb data were also plotted on the same graph as the manufac­

turer's calibration data. See F~gure 19. There is excellent agreement 

between the two calibrat~ons. The standard deviation of the temperature 
0 differences obtained by the two measuring methods was =0.39 Fahrenheit. 

D. Hum~dity Calibration 

Since no chamber was available to provide and control the humidity 

conditions required for cal~bration purposes, the manufacturer's calibrat~on 

data, shown in Figure 20, were used in the field tests. Dewpoint tempera­

tures measured by other methods were compared with those obtained using the 

Bendix DHGF-lP hygrometer. To obtain meaningful measurements with the instru­
ment required considerable care in the installation, maintenance, and oper­
at~on. Although this hygrometer was designed for f~eld operat~on, ~t ,;as 
necessary to handle the instrument as a laboratory-type device. 
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Table VII 

Field Cal1brat1on Data, Res1stance Bulb vs Thermocouple 

BRIOOE SYSTEM EQUIVALENT TYPE T EQUIVALENT TEMPERATURE DIFFERENCE 
OUTPUT TEMPERATURE THERMOCOUPLE TEMPERATURE BETWEEN RESISTANCE BULB 
(VOLTS) (OF) OUTPUT (IIIV') (OF) AND THERM:>COUPLE ( °F) 

).86 99.53 +1.519 100.69 -0.56 
).56 88.7) +1.274 89.48 -0.75 
3.30 79.)7 +1.057 ao.oo -0.63 
3o03 69.65 +0.830 69.91 -0.26 
2.76 59.94 +0.609 6o.oo -0.06 
2.49 50.22 +0,400 50.50 -0.28 
2.20 39.78 +0,169 - 39.91 -0.13 
1.92 29.70 -0.151 29.58 +0.12 
1.65 19.98 -0.252 19.90 +0,08 
l.J7 9.90 -0.471 9.61 +0.29 
1,22 4.50 -0.583 4.22 +0,28 
1.10 0,)4 -0.667 O.JB -0.04 
o.833 -9.43 -0.870 -9.91 -0.48 
0.556 -19.40 -1.070 -19.89 -0.49 

1. The Beckman and Whitley Model 140 Bridce System was used with Honeywell Resistance Bulb Model 921A3 
as the temperature sensor. 

2. Resistance Bulb and Thermocouple Meaaur1nc Junction were in alcohol bath inside Temperature Chamber. 
The Thermocouple Reference Junction was maintained in an 1ce bath. 

). The voltaces were measured with Dicital Voltmeters 

4, The temperatures were calculated from available sensor data. 
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F~eld tests were conducted us~ng an ML-24 Psychrometer mounted 

~n a standard ~nstrument shelter to obta2n wet bulb and dry bulb temper­

atures from wh2ch the dewpo2nt temperature could be calculated. Two 

sens~ng un2ts of the DHGF-lP hygrometer were placed 2n the same shelter 

env2ronment and the output voltages were measured on a d2g2tal voltmeter. 

Us2ng the cal2brat2on furn2shed w2th each 2nstrument, the dewpo2nt temper­

atures were obta2ned. Table VIII 2s a summary of th2s test. The range 

of dewpo2nt temperatures measuredwas 63° to 76° Fahrenhe2t. The standard 

dev2at2on of dewpo2nt temperature between the psychrometer data and that 
0 of the f2rst hygrometer was ± 3.07 F and between the psychrometer data 

0 
and that of the second hygrometer was ± 3.08 F. On the second day's run 

the standard dev2at2on was ± 3.8° F for the f2rst un2t. Compar2son 

between the two hygrometer results was very good. The results 2nd2cate 

the need for a better method of produc2ng a w2der range, controlled, 

hum2d2ty env2ronment so that the hygrometer un2ts can be more prec2sely 

cal2brated. 

A very s2mple method of obta2n2ng the wet bulb temperature (requ2red 

for the dewpo2nt temperature calculat2on) w2th the use of a Honeywell 921A3 

res2stance bulb was tr2ed. A w2ck was placed over the bulb end and kept 

saturated w2th water 2n the same manner that a wet bulb thermometer 2s used 

2n the ML-24 psychrometer. The equ2valent wet bulb temperature was then 

measured us2ng the standard br~dge system already descr2bed. The dry bulb 

temperature was obta2ned 2n the normal fash2on on a second channel of the 

br2dge system. Table IX 2s a summary of th2s s2mple test. The temperature 
0 0 

range was from approx2mately 33 to,43 F and the average value of tempera-

ture read2ngs of the prec2s2on wet bulb thermometer was 34.28 ± 1° F and 
0 was 34.17 ± 2.7 F for the wet bulb res2stance sensor. The dry bulb 

read2ngs were respect2vely 40.47 ± 2.3° F and 39.18 ± 2.1°F. Th2s 2nd2cates 

that the calculated dewpo2nt temperature could be obta2ned as accurately 

from the res2stance bulb measurements as from the thermometer measurements, 

at least over th2s narrow range. More prec2se measurements w211 st2ll 

requ2re f2eld operat2onal hygrometers wh2ch have been most carefully cal2-

brated 2n a controlled env2ronment. 
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Table VIII 

F2eld Dewpo>nt Temperature Measurements 

70.6 65.0 62,0 74 5.10 65.3 5.40 64.9 
0915 71.5 65.1 61,6 71 5.11 65.5 5.42 65.1 
0930 n.o 65.0 61.2 68 5o09 65.1 5.41 64.9 
0945 72,0 65.5 62.0 70 5.10 65.) 5.42 65.1 
1000 72.0 66,0 62.8 72 5o19 66,6 5o 52 66.7 
1015 71.5 66.9 64.6 78 5o2) 66.9 5o 56 6'7.1 
1030 72,0 67.2 64.8 78 5.22 66.9 5.53 66.7 
1045 72.8 66.6 6).4 '72 5.20 66.7 5.54 66.'7 
1100 73.5 66.9 6).5 70 5.12 65.5 5.44 65.5 
1115 73.1 64.9 60,4 64 4.97 6).5 5.27 6).5 

"'1130 73.2 65.1 60.6 65 5.00 64.0 5o)1 64,0 
"'1145 73,0 65.8 62.0 68 5.03 64.0 5·35 64,6 

1200 7).2 65.7 61.7 67 5.02 64,0 5.34 64.6 
1500 79.0 66.8 60.J 53 4.94 I 6).1 5.29 6).9 
1515 79.1 67.0 60.5 53 

26-Aiir.-65 ------ ----- ------ -f-r -li--------------0700 69.0 68.5 68.2 
0715 69.0 68.5 68,2 
07)0 69.1• 68.9 68.6 
0745 70.0 69,0 68.1 94 5.62 
0800 70.2 69.1 68.6 94 
1200 78.) 74.0 72.) 81 

NOTES: (1) Borometr1c Pressure dropped from JO,O ~nches to 29,9 ~nches dur1ng run. 
(2) Output voltages measured on D~g~tal Voltmeter. 
(J) Dew Po~nt Temperature obta~ned from manufacturer's ca~brat~on curve. 



Table IX 

Wet/Dry Bulb Temperat~e Comparison Tests 

TEMPERATURE CAICULATED TEMPERATURE BAROMETRIC 
DATE/TIME PRECISION DEWPOINT HONEYWELL BULB PRESSURE 

THERMOMETER TEMPERATURE IN 
OF oF ~ OF (MILLIBARS) 

7 DEC. 65 WET DRY WET DRY 

13:30 33.5 40.8 20.1 33.33 40.39 1023.5 
13:45 33.6 41.2 19.5 33.69 40.75 1023.6 
14:00 33.3 41.3 18.0 33.59 40.57 1023.6 

14:15 34.2 42.5 19-7 34.41 41.18 1023.6 
14:30 33-7 41.6 19.0 33.62 40.89 1023.6 

8 DEC. 65 

09:15 32.4 35.8 27.3 32.33 34.17 1021.0 

09:30 32.5 35.7 27.7 32.40 34.70 1020.8 

09:45 33.0 36.5 27.7 32.87 35.82 1020.5 

10:00 33.0 38.1 24.9 34.16 36.90 1020.3 . 
10:15 34.1 38.5 27.5 33.77 37.04 1020.2 

10:30 34.3 38.5 28.1 34.05 37.33 1019.7 . 
10:45 34.4 38.6 28.2 34.27 37.76 1019.8 

11!00 35.4 40.9 27.3 35.06 39.30 1019-7 

11:15 35.7 41.9 26.6 35.03 39.52 1019.7 

13:30 34.1 40.8 23.5 34.02 39.78 1017.6 

13:45 35.1 41.9 24.6 35.13 41.00 1017.6 

14:00 35.6 43.4 23.5 ' 35.46 41.58 1017.6 

14:15 34.5 41.5 25.4 34.31 4o.o6 1017.7 

14:30 34.9 41.2 25.3 34.63 39-96 1017.7 

14:45 35.0 42.0 24.3 34.70 39.99 1017.9 

15:00 35.2 42.1 24.7 34.92 4o.l0 1018.0 

15:15 35.7 43.0 24.5 35.13 4o.78 1018.2 

15:30 35.2 43.0 22.5 35.03 41.07 1018.2 

Average: 34.28 4o.47 Average: 34.17 39.18 

Std. Dev: +1.0 :!;.2.3 Std. Dev: :!:.2.7 +2.1. 
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VLRANGE ?ROGRAMS 

The f1rst f1eld program carr1ed out after the 1nstallat1on of the 

d1g1tal acqu1s1t1on system, the s1gnal l1nes, and the 1nstrumentat2on 

shelters was run w1th 14 w1nd speed sensors and 14 w1nd d1rect1on sensors 

of type AN/GMQ-12. S1nce the sensor towers had not yet been 1nstalled, 

one speed sensor and one d1rect1on sensor were mounted at the ends of the 

standard AN/GMQ-12 T-bar supported by a 5-foot h1gh tr1pod. These tr1pods 

were placed 1n a l1ne 100 feet apart along the east s1de of the range. 

After the sensor cal1brat1ons were completed a ser1es of data gather1ng 

runs was made w1th the output recorded d1g1tally on magnet1c tapes. 

These were turned over to personnel of the Exter1or Ball1st1cs Laboratory 

(EBL) who superv1sed the computat1on and data analys1s; the results w1ll 

be conta1ned 1n a forthcom1ng report. 

Table X 1s a summary of the f1eld runs made dur1ng th1s program. 

The data were acqu1red over a rather long t1me per1od 1n order to obta1n 

a range of w2nd speed from 3 to 30 m2les per hour and Wlnd d1rect1on 

from several compass po1nts. The f1rst few runs were made w2th a complete 

scan of all sensors each second for a total run tlffie of 30 seconds at 

half-hour 1ntervals. Dur1ng later runs the scan rate was 2ncreased to 10 per 

second for a 30 second run at hourly 1ntervals. A total of 62 data runs 

were made produc1ng 8610 total scans of the sensors. 

Another program was carr1ed out to measure temperatures at var1ous 

tower levels at the f1rst four tower s1tes. Both types of temperature 

sensors prev1ously descr1bed were used and measurements were made at ten 

ffilnute 1ntervals on three separate days. Table XI 1s a summary of these 

data. Var1at1ons 1n the temperature from one tower level to another and 

from tower to tower are clearly shown. W1nd speed data acqu1red on a 

f1eld program are 1ncluded 1n Table XII to show results obta1ned w1th 

two d2fferent types of sensors located on the same T-bar mount, tr2pod 

supported. The tabulated values were extracted from pr1ntouts of d1g2tal 

data recorded on several runs on the days noted. These typ2cal data 

show the var2at2ons 1n w2nd speed that were recorded us1ng two types of 

prev1ously cal1brated sensors located only three feet apart. 
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Table X 

Data Summary, F~eld Test Us~ng AN/GMQ-12 Sensors 

Wind Wind Number Rate Prevailing Wind 
Speed Direction Scan Data Run of of Velocity 

Date Channels Channels Rate Time Runs Runs Direction MPH 

( 1964) 
21 Aug 13 14 1/sec 30 sees. 4 ea l/2 hr 
26 Aug 13 14 1/sec 30 sees. 5 ea 1/2 hr 
3 Sep 13 13 l/sec 30 sees. 6 ea l/2 hr WSW 3-7 
4 Sep 14 14 1/sec 30 sees. 8 ea 1/2 hr NNE 1-5 
6 Oct 14 14 1/sec 30 sees. 7 ea l/2 hr NE 20-30 

0\ 9 Oct 14 14 10/sec 30 sees. 7 ea l/2 hr CD 
11 Dec 14 14 10/sec 30 sees. 5 ea 1/2 hr 
14 Dec 14 14 10/sec 30 sees. 6 ea l/2 hr NW 7-13 
(1965) 
6 Jan 14 14 1 0/sec 30 sees. 5 ea hr NNW 15 
7 Jan 14 14 10/sec 30 sees. 4 ea hr NE-2 4 

S-2 10 
8 Jan 14 14 10/sec 30 sees. 5 ea hr S-SSW 7 

• 

TOTAL DATA RUNS: 62 
TOTAL SCANS: 8610 



Table XI 

Field Temperature Measurements Using Bridge System 

DATE SENSOR SENSOR SENSOR _ _s:~_Ne_O!!_ _ _ _ SENSOR 
- - P&w-60.T -- - -B&wEio.i-- -mw6o.:L - - - P&w- 6o: 1- - - -HONEYWELL 

921A3 
SITE 1 SITE 2 SITE 3 SITE 3 --~~~--- - IDPIEvEL- - - -TOP LEVEL - - TOP LEVEL - -MDL LEVEL - -TOP LEVEL 

OUTPUT TEMP OUTPUT TEMP OUTPUT TEMP OUTPUT TEMP OUTPUT TEMP 
IN IN IN IN IN IN IN IN IN IN 

VOLTS OF VOLTS oF VOLTS OF VOLTS OF VOLTS OF 

J 3.2601 77.94 3.3200 80.09 3.3001 79.38 3.2803 78.66 3.2879 78.93 
u 3.2800 78.65 3.3179 80.02 3.2999 79-37 3.2899 79.01 3.2877 78.93 
L 3.2899 79.01 3.3200 80.09 3.2879 78.93 3.2807 78.68 3.2899 70.01 
y 3.2799 78.65 3.3099 79.73 3.2879 78.93 3.2629 78.01 3.2790 78.62 

3.2720 78.37 3.3007 79.4o 3.2803 78.66 3.2699 77-93 3.2701 78.30 
15 3.2600 77.93 3.2800 78.65 3.2801 78.66 3.2519 77.64 3.2640 78.06 

3.2600 77.93 3.2803 78.66 3.2801 78.66 3.2507 77.6o 3.2619 78.00 
65 3.2480 77.50 3.2999 79.37 3.2778 78.57 ' 3.2507 77.60 3.2601 77-94 

3.2479 77.50 3.2800 78.65 3.2779 78.58 3.2559 77.79 3.2635 78.06 

P&W 60.1 l'&W 60.1 HONEYWELL I HONEYWELL l'&W 60.1 
92lA3 921A3 

SITE 1 SITE 3 - _ SI'J;'E_ 3_ _ -! SITE 3 SI_TE 4 
- - TOP LEVEL - - - TOP LEVEL -i - Blli LEVEL I MDL LEVEL ' TOP LEVEL 

J 2.8690 63.86 2.8800 64.25 2.8729 64. oo 1 2. 8819 64.32; 2.8819 64.32 
u 2.8803 64.27 2.9170 65.59 2.8979 64.9o I 2.9079 65.26 2.8879 64.54 
L 2.8999 64.97 2.9298 66.05 2.9201 65.7o I 2.9279 65.98 2.9180 65.62 
y 2.9379 66.34 2.9278 65.98 2.9200 65.69 I 2.9280 65.98 2. 9439 66.56 

20 2.9201 65.70 I 2.9379 66.341 2.9179 65.62 1 2.94oO 66.41 2.9479 66.70 
2.9400 66.41 2.9399 66.411 2.9239 65.84 i 2.9427 66.51 2.9399 66.41 

65 I 2.94oO 66.41 2.9379 66.34 2.9400 66.41' 2.9599 67.13' 2.9400 66.41 
l I 

I 
I 

67 ·99 i 2.9620 J 2.94o7 66.44 2.9629 67.24! 2.9449 66.59 2.9839 67.21 
u 2.9800 67.85 2. 9798 67. 85 : 2.9711 67.53 2.9794 67.83, 2.9901 68.22 
L I 2.9801 67.86 2.9699 67.49: 2.9600 67.35 2.974o 67.641 2.9939 68.35 
y ' 2.9799 67.85 I 2.9878 68.14 2.9681 67.43 2.9737 67.631 2.9959 68.43 

21 I 3.0201 69.30 2.9898 68.21 2.9817 67.92 3.0000 68.57 3.0180 69.22 I 

I 
3.0201 69.30 1 2.9980 68.50: 2.9843 68.01 I 3.oo64 68.80 I 3.0109 68.97 

65 3.04ol 70.02 3.0215 69.35: 3.0059 68.79 3.0200 69.29 I 3.0320 69 73 

1. Measurements were made at 10 minute intervals. 
2. Sensors were tower mounted in aspirated thermal sh1elds, 
3. Blower fans were on. 



Table XII 
Wind Speed Compar~son Data 

16 NOV. 65 17 NOV. 65 19 NOV. 65 
WIND SPEED IN WIND SPEED IN WIND SPEED IN 

M.P.H. M.P.H. M.P.H. 
SENSOR A SENSOR B SENSOR A SENSOR B SENSOR A SENSOR B 

TIME SER. 144 SER. 21 TIME SER. 144 SER. 21 TIME SER. 144 SER. 21 

08:40 10.4 9.8 08:40 24.7 27.9 08130 6.6 6.3 
08:50 19.1 19.7 08:50 08:40 8.1 10.0 

09:00 18.0 19.1 09:00 8.5 9.4 08:50 4.1 5.3 
09:10 18.1 18.7 09110 10.0 12.3 09:00 
09:20 18.3 17.5 09:20 09:10 8.1 9.3 
09:30 18.6 19.5 09:30 09:20 7.5 8.0 
09:40 16.9 15.2 09:40 16.3 18.4 09:30 4.6 5.0 
09:50 17.1 14.4 09:50 11.5 9·9 09:4o 7.0 8. 4 ( 
10:00 10:00 18.5 20.1 09:50 8.3 10.0 
10:10 15.7 14.4 10:10 9.6 11.2 10:00 7.6 8.3 
10:20 10.4 11.9 10:20 15.6 15.0 10:10 5.2 5.7 
10:30 13.2 13.6 10:30 12.7 13.5 10:20 5.7 7.2 

10:30 7.7 7.5 
*12:00 5.6 6.3 13:30 18.1 17.7 10:4o . 
12:10 5.4 5.9 13:40 14.3 16.3 10:50 6.5 8.3 
12120 8.1 8.9 13:50 23.7 25.5 11:00 10.1 12.1 

12:30 8.7 9.6 14:00 14.8 13.7 
12:40 11.4 12.2 14110 16.6 19.1 13100 6.3 7.7 
12:50 6.7 8.4 14:20 13:10 5.8 7.0 

13:00 13.1 12.9 14:30 15.7 19.1 13:20 4.9 5.8 

13:10 7.3 9.0 14:4o 21.5 25.2 13:30 8.9 9-7 
13:20 7.7 8.9 14150 13.9 14.6 13:40 9.0 10.6 

13:30 6.5 7.8 15:00 23.0 22.0 13:50 5.5 7.2 

13:40 6.2 8.6 15:10 12.8 14.6 14:00 6.4 8.3 

13:50 8.0 9.1 15:20 14tlO 5.4 7.7 

14:00 7.5 8.8 15:30 13.5 14.5 14:20 5.6 8.5 

Pressure: 1007.6 mb.to Pressure: 1000.3 mb. to Pressure: 1016.2 mb. to 

1002.8 mb. 998.7 mb. 1015.6 mb. 

* Rain during 2 hour run. Std. Dev. is :!: 1. 5 

Sensor A· AM/GMQ/12 Sen-or B: Beckman and Wh~t1ey, Ser~es 50 
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VIL S~Y 

The measurements prov1ded by both cal1brat1on and range programs 

1nd1cate that the range fac1l1ty 1s capable of furn1sh1ng the requ1red 

support for fundamental research 1n the near-earth env1ronment. 

The mu1t1-channel, h1gh-speed, analog-to-d1g1tal convers1on system 

w1th the output d1gita1 data presented on magnet1c tape 1n a compat1ble 

computer format allows the use of many more 1nput sensors than was prev1-

ously pract1cal. The rate of acqu1r1ng data has been greatly enhanced to 

allow more deta1led analys1s of des1red parameters of a system under study. 

The many advantages of computers can now be brought 1nto use on many more 

types of f1eld programs. This facet has not yet been fully explo1ted on 

data obta1ned on the range fac1l1ty. The system 1s not l1m1ted to use 

w1th meteorolog1cal sensors but 1s capable of acqu1r1ng data from any 1n­

put dev1ce produc1ng an analog voltage output w1th1n the system spec1f1-

cat1ons. 

At the present t1me the types of meteorolog1cal sensors ava1lable 

for use on the range are much too slow 1n response to approach the 

requ1rements of certa1n proJects and to meet the sampl1ng speed of the 

d1g1tal system. Effort should be spent to acqu1re 1mproved sensors 

g1v1ng faster response and 1ncreased accuracy. Coupled w1th th1s are the 

requ1rements for 1mproved methods of cal1brat1on, both for 1ncreased 

accuracy and ease of the f1eld cal1brat1on operat1ons. Coord1nat1on 

w1th and ass1stance from both commerc1al manufacturers and other govern­

ment agenc1es w1ll be necessary to obta1n the des1red 1nstruments. 

It 1s planned that future operat1ons on the range fac1l1ty W1ll 

1nclude not only the gather1ng of meteorolog1cal data but data from 

both opt1cal and electron1c dev1ces. Installat1on of the add1t1onal 

requ1red fac1l1t1es for these types of measurements has begun. 

The f1eld operat1ons of the Army Meteorolog1cal Team ass1gned to 

th1s prOJect have been very sat1sfactory and the team has served an 

1mportant part 1n the 1nstallat1on and use of the range fac1l1t1es. 

CHANNING L. ~S 
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APPENDIX A 

RANGE OPERATIONS 

lnstallat~on of the range fac~it~es was made w1th the purpose of 

obta1ning as much flex1b1l1ty and versat1l1ty as poss1ble where a large 

number of several d~fferent types of sensors and assoc~ated c1rcu1ts 

would be used m 'rar1ous conf1gurat~ons. Although all poss1ble layouts 

could not be foreseen, the overall system lends 1tself to relat1vely 

fast changes of sensors and cablmg at the var1ous towers and at d1fferent 

tower levels. 

The s1gnal cables to the data acqu1s1t1on van are permanently 1n­

stalled but qu~ck access 1s ava~able to them through proper term1nat1ons 

at each mstrument shelter for fast changeover from program to program. 

Th1s also allows analog outputs from other systems to be fed 1nto the 

d1g1tal data sect1on. 

A meteorolog~cal team was ass1gned to BRL by the U.S. Army Electron1cs 

R&D Act~vlty at Fort Hauchuca, Ar1zona for use m the f~eld operat1ons on 

the range. Th1s team has worked very well ~n carry1ng out such funct1ons 

as f1eld mstallat1ons of cabl1ng and sensors w1th assoc1ated clrcu1ts, 

the fleld calibratlons of sensors, the ma1ntenance and repa1r of var1ous 

types of meteorolog1cal equ1pment, and the calculat1on of results from 

observed data. In add~t1on, smce May 1965 da1ly records of meteorolog1cal 

data have been made at the van Slte and tabulated by the team. The type of 

measurements made and the equ1pment used are as follows: 

1. Atmospher1c Pressure: Surface to 3000 ft., preclS1on M1crobar­

ograph, Belfort Instrument Company, Model 

5 -Boo. 
0 4 0 2. Temperature: -50 to +1 0 F, HYgrothermograph, Instruments 

Corporat1on, Model 594. 
3. Relat1ve Hum1d1ty: 5 percent to 100 percent, Hygrothermograph, 

Instruments Corporat1on, Model 594. 
4. Prec1p1tat1on: 0 to 12 1nches, Un1versal we1gh1ng ram gage, 

Fr1ez Instruments D1v1s1on, Model 775 B. 
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5. 
6. 

W1nd Speed: 1 to 60 mph, W1nd measur1ng set AN/GMQ-12. 
0 

W1nd Dnect1on: 354 az1muth, W1nd measur1ng set AN/GMQ-12. 

Append1X B 1ncludes the monthly summary o~ these data from 1 May 65 

through 31 January 66. 

The follow1ng summary 1nd1cates the system type and the number of 

un1ts presently avallable for f1eld use: 

Measurement Number Data 
Channels 
Required 

1. Wmd Speed and Dnechon AN/GMQ-12 30 60 

M.R.I. Vector Vane Model 1053 12 36 
B.&W. Ser1es 50 2 4 

2. Temperature 

Res1.stance Bulb, Honeywell 921A3 18 36 

3. Humid1ty 

Bendix Hygrometer, Model DHGF-lP. 5 5 
Wet/Dry Resistance Bulb 9 18 

Characteristics of the various systems are contained in Tables AI, 

AII, and AIII. 
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Table AI 

Characteristics of AN/GMQ12 Wind Measuring Set and Climet Speed 

Sensor, Model 011-1 

A. Wind Speed Sensor! 

(1) Range 

( 2) Threshold 

( 3) Accuracy 

( 4) Response 

B. Wind Direction Sensor! 

(1) Range 

(2) Threshold 

(3) Accuracy 

c. Power Requirement! 

AN/GMQ-12 

1-60 mph 

1 mph 

:!: 5 percent 

354° 
1 mph 

:!: 3 percent 

(Overall 110 volt 
AC 60 cycle at 
20 Amp) 
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CLIMET, Model 011-1 

0-90 mph 

1 mph 

:!: 5 percent 

5 feet (63 percent 
recovery) 

(Speed Sensor Only) 
10.6-12.6 volts DC 
at 30 milliamps 



Table AII 

Characteristics of Vector Vane Windspeed and Direction Sensor, 

Meteorology Research Incorporated 1053 

A. RESPONSE CHARACTERISTICS: 

1. 

2. 
3. 
4. 
5. 
b. 

7. 

Starting Threshold: 

Response Distance: 
Delay Distance: 
Damping Ratio: 
Overshoot: 
Linearity: 

Matching: 

Speed 
Direction 
Speed 
Direction 
Direction 
Direction 
Speed- ' 
Duection 

B. OUTPUT CHARACTERISTICS: 

1. Direction, azimuth 
a. Full scale 
b. Linearity 

c. Resolution 
d. Maximum Power 

2. Direction, elevation 
a. Total Resistance 
b. Full Scale (1/3 segment) 
c. Linearity 
d. Resolution 
e. Maximum Power 

3. Speed 
a. P~tch 

b. Signal 
c. Resolution 

4. Range 
a. Directlon, azimuth 
b. Direction, elevation 
c. Speed 

0.5 mph 
0.5 mph 
2-3 feet (63 percent recovery) 
2-3 feet (50 percent recovery) 
0.4-0.7 
Less than 10 percent 
~ 1 percent of pitch 
~ 1 percent 
The sensor elements are considered 
matched if the response distance 
and delay distance are within one 
foot of each other. 

2000 ohms + 5 percent 
+ 0.8 percent of full scale (w1th 4° 
o-gen space) 
1 
1.5 watts 

6ooo ohms ~ 5 percent 
2000 ohms 
+ 0.8 percent yo 
0.5 watts 

2.90 feet per revolution 
20 pulses per revolution 
0.145 feet 

o - a56° 
.:t 6o 
0.5 - 100 mph 



Table AIII 

Character~st~cs of Windspeed and Direction Sensor, Beckman and 

Whitley Series 50 

A. Wind Speed Sensor! (with staggered-six cup anemometer) 

1. Threshold: 0.5 miles per hour 

2. Distance Constantr 3.3 feet of Air 

3. Accuracy: ! 1 percent of absolute value or ! 0.15 miles per hour, 

whichever is greater. 

4. Range: From threshold to 90 miles per hour 

5. Nominal Output: 2.5 volts p-p into 600 ohm load over the frequency 

range of 1018 cps (0.5 mph) to 1059 cps (90 mph) 

6. Power Requirement! 12 volts DC, nominal at a maximum current 

drain of 20 milliamperes 

7. Operating Temperature: -40 °F to +l4o°F 

B. w~nd Direction Sensor: (with "Quick One" wind vane) 
0 1. Threshold: 0.7 miles per hour at 10 

2. Distance Constant: 5.7 feet of air 

3. Damping Ratio: o.6 

4. Accuracy: + 2° 

5. Output: Phase modulation at 1 KC over full 360° 

6. Power Requirement! 12 volts DC at maximum current drain of 

10 mill1amperes 

7. Operating Temperature: -40°F to +14o°F 

c. Modular Translator: 

(a) Power Supply 

1. Inputr 115 volts AC ! 10 percent 

2. Output Voltage: 12 volts DC, 0.1 percent regulation 

3. Maximum Current Output: 600 milliamperes 
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Table Alii (Cont'd) 

(b) Translators 
Wind Speed Wind Direction 

1. Signal Input 0.5 to 3.0 volts P-P 0.35 to 0.5 volts 
rms 

2. Input Impedance 6oo ohms 6oo ohms 

3. Accuracy DC Output voltage DC Output voltage 
linearly propor- l1.nearly propor-
ional to speed t1.onal to phase 
:!:. 0._3 percent angle between two 

1.nput s1.gnals 
:!:. 0.15 percent 

4. Power Input 12 volts DC at 4o 12 volts DC at 6o 
milliamperes regulated milliamperes regu-
to 0.1 percent lated to 0.1 per-

cent 
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APPENDIX B 

METEOROLOGICAL DATA SUMMARIES 

MA.Y 1965 - JANUARY 1966 
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I 26 69 t>5 81 81 86 77 63 &2 29 87 zq 86 ?9 85 29 8 2 5 6 7 SSW SSt.- NSW .SSII' 26 

27 72 '7 85 86 99 o7 67 61 29 82 29 79 29_ll 29 7 2 4 5 12 SW ESE S S 13 27 

I 28 7o 7C 78 BO 54 " so 4h 79 R7 ~ 29 8 29 8' 5 8 13 13 NNW WNW W W 1 28 

,o " ,. •• .. r- " " , ., 1" " 1 '" •• '" 9' 29 o 4 • • • s ssw ssw s 
:~a .5.2_ .iii o;; 6 n_ l....£L. s_1 __jg 1,__;18 ·u\ I tn '\fl 11 I 'tn n. 7 6 8 7 _____ ~E N_ ENE SE 

" I 59 I 61 L1>2_1 69 I I 74 I 54 I _45 L A4 I ho oabo_ uuo o~ 30 o4 ___2__l___4_l___li) L 1l. I I s l s I s I s 
T ABUL,.6,TE'1 8' APG MET TE.\.\1 VERIFIED 9Y 

REMARKS 

* lmhcatcs t1mc of dav th(. charts ~oere read, 0800 lOOo , 1200, & 1400 
~ ,_ ,.10 

MONTHLY VALUES 

so 29 

30 

31 

1 I Jl7 

l ... ,, US .. Ili'C •on KU&I;IIUU .. llOio-



ATAQBTAINED FROM LOCAl ION ABERDEEN PROVING GROUND M()~TH 

METEOROLOGICAL DATA CONTINUOUSLY RUNNING S I TE E M P RANGE ON SPESUTIE 
MD 

-"""' 
TABULATION SHEET QIART RECORDS TIME ZO!I.E ISLAND 

YEAR 

PER I 00 6 HOURS EASTERN 

~ .r;MP ~~ 
0 \RE T~:;e ~D ';, -~~c ru;~s N HG W ND SP ED MF NOD ~I PREC 7 .~ . ""'!"" P IN 

" • 14 • '" 
, ,_ 

'" 
,, ... .... 

I 66 71 74 80 84 10 66 40 30 07 30 08 30 06 30 06 l 6 ' • '" u < < • I 

2 69 13 76 81 86 6R 63 58 29 97 29 96 29 92 29 87 7 • • . <0 ... < • -" 7 

3 51 59 •s •8 96 80 65 " 20 92 29 9S 29 99 29 98 20 •• '" 
, .. ...... u • • ' 

4 •• 63 65 •• .. " 46 47 '" 19 '" 20 '" 201 '" I • , ...... uc <E ' 
• •• • • •• ,. .. " <4 " '" .. '" , '" " '"" . n .. ••• ... -· 
• •• 60 " 

, , 60 " .. '" 10 .. '" .. >n.l7 " 
, .. . ... • • 

1 11 74 80 •• 07 " 67 '" '" " '" " '"-"' '" "' 
, .. .. .. ••• ·~ ••• 7 

8 12 17 '2 •• 92 87 69 •n 1, ••• I'" " ''"-"" I'" n· I o " .. .. • _ssw ... < • ., • 
• 72 , 

" •• oc 01 on "' 
n I,. n ... n7 I'" "' I • '- .. n ... c .. •• 70 •• oc •• •• 1 •••• 1 •••• I 7a o· I .. - ... ·- ... 

.. " " T6 . , .. l,n n 1 .. ., I'" I'" nn ' n n • 0 . . ._ .. .. " 
, , ,. 1 •• . . . . .. -'II1E_ .... .m , 
<7 .. '" " .. I •• " . . . . • "" ...... ...... " 

14 63 64 68 70 69 60 56 53 29 90 29 94 29 94 29 9 I ' • • • c '"'" S£ < .. 
IS 61 65 66 65 90 77 68 64 3012 30 16 3017 301 I '" 0< 

16 54 56 57 56 98 90 78 .. 30 17 3017 30 I 30 I I 

'" 7n , cu . NE "" uc .. 
~ 17 51 61 63 64 66 70 65 62 30 15 30 14 30 I 30 1 • ' ~ NNI' ... . .. .. 

18 51 60 60 64 92 19 73 66 30 OS 30 o• 300 30 0 • " .. - .. .. .. .. 
19 62 67 66 75 69 63 17 62 29 90 29 89 29 9 29 8 .. .. .. 
20 . . . . . - - ,._ .. , .. , 2•. 29.91 I ' • 7 • .. • - ,.. 
21 - - . 84 - . - 58 29 93 29 ., 29 92 29 90 l 7 0 , , .. ... ... •• 
22 70 79 82 85 94 74 62 60 .. .. "' '" "' 30.01 I 0 1 9 13 - ssw ssw , SSW 

23 ,. 70 •• •• •• 76 67 <A "" .. "" .. "' 70 00 • 10 '3 I' ... ssw ssw ... .. 
,. 

" 70 , ,. •• " 
., 

" 
.. ' .... .. 70 i 6 '" • 0 .. •• • "' .. 

,. on <7 .. .. ., .. .... I •• 1 .. I , • • • ... ...... • 
,. .. 7n 74 .. .. .. .. " 

.. .. .. I •• " I '" ,. '" • • • •• •• uc N ,. 
, •• .. .. • • •• " 

.. .... I •• • '"" ' 1 n • cc - E .. . 

'' '" 
.. .. .. " 1 .... 1 •• " I'" 7• 7 " '" " •• ••• ••• ccu 

70 ,. 70 .. .. 1 •••• .. I 7o "' • • • • • • ... ... .. 
'" 

,. " .. 1 •• nn n • '" • . ... ...... uc 

-
T ABULATEO BY APG MET TEAM VERIFIED BY MONTHLY VALUES 2 43 

REMARKS* Ind1Cates t1me of day the charts were read, 0800, 1000, 1200 & 1400 

tiUII ,.,. .. 10 

, ... " _,, ... 15 rOfiT llltACIIIU:A .. IZOIIA 

• 
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!DATA OBTAINED FROM LOCATION ABERDEEN PROVING GROUN MONTH 

METEOROLOGICAL DATA 
TABULATION SHEET 

MD 
CONTINUOUSLY RUNNING sITE E M p RANGE ON SPESliTIE I JULY I 

YEAR 
CHART RECORDS TIME ZOJ\E ISLAND 

I~ . TEI<J'ERATUftE "F 
8 _ Lto_____l_ 12 I t4 

68 I 74 78 80 

71172 78 80 

' 10 I n 74 77 

4 10 I 77 82 86 
s 10 I 74 79 83 

6 10 I 75 78 79 

7 67 I 72 76 82 

s I 74 I 79 I 81 I 83 

9 I 76 I 84 I 88 I 90 

1 n I 7R I Rn I 7ft. I R 

nl 12 1----.b.B.._\ fiR 

12 I 68 I 11 I 12 I 76 

13 I 69 I 12 I 76 I 77 
14 I 75 I 78 I 80 I 84 

15 I 77 I s2 I 83 I 79 

16 

17 

18 

19 

20 

21 

22 

_ll 

" 
" 

--"' 

" 
28 

29 

10 

ll 

71 76 

76 I 79 

~ 
1o I 74 

62 I 68 

66 I 72 

68 I 74 

69 I 73 

7S I 80 

an I 7& 

74 I 78 

7ft I 1s 

_14\_ _1jl_ 

_681 n 
661 72 

681 74 

80 

84 

82 

76 

70 

75 

76 

77 ,, 
AA ., 
7Q .. 
75 

_]J_ 

78 

83 

86 
85 

so 

74 

78 

78 

•• 
87 .. 
•• 
• 
n_ 

= 
__&L 

80 

TABU LA TED BY APG MET TEN-I 

\ RlfLATIV, HUMI,lTY 
a I ro 12 t4 

60 41 3S \ 30 

64 S3 46 I 44 

70 78 68 I 60 ., 60 45 I 42 

94 96 78 I 68 

94 74 62 I 56 

92 70 64 I 49 

81 72 I 62 I 61 

97 69 I 53 I 53 

81 87 I 81 I 77 

100 93 I 100 1100 

66 58 I S6 I 56 

97 93 I 79 I 80 

91 83176168 

81 65 I 63 I 70 

62 62 56 54 

PER I 00 6 HOURS EASTERN 

BARD,TRIC rRESS I IN ""I I wk.No SP~ED 1 I I .~0 ""f"\"~011 a 10 12 14 a r 10 JZ 14 _ ______a__L 10 . __ __li_ 

30 12130 14130 13(30 121 17 13 I 8 5 NNW N N NE 
30 16(30 16130 14(30 101 7 10 I 11 7 s ssw 
29 87(29 85(29 84(29 8 17 17 I 14 14 

29 97(29 98( 29 971 29 961 7 4 I 5 7 

29 93129 921 29 911 29 8· 6 s I 8 _10 

30 01130 051 30 101 30 0 8 12 I 12 8 N N NNW NNW 
30 13(30 121 30 lot 30 0 6 10 10 !3 ESE I S s s 
29 891 29 891 29 gQ 29 8' s I s I s I 6 WSW! NNWI s I s 
29 941 29 941 29 9:i 29 g, 418111113 s I s s I s 
29 841 29 87t 29 8~ 29 8' _4 I 8 .I 14_l_7 ssw I s NW I NNW 

29 961 29 961 29 97t 29 9 _, I • I 4 _ _Ll2 WNW I NNE I NNE I NNE 

30 121 30 161 30 16 30 1 9 I 8 I s I s _NE_LNNEI NE Is 
30 17130 16130 HJ 30 1 -• I 1 _I , _ _L7 NEINEisEisE 
30 00( 29 981 29 951 29 9 _____ul 15 I 15 I 13. sswlswlswlsw 
29 811 29 84( 29 Bsl 29 8, NNwl NW \ NW \ NIL 

29 951 29 971 29 9~ 29 9 --"'- ~ NE 

94 84 68 I 52 I I 29 921 29 o~ 29 9~ 29 9 

19f.l:; 

PRECiP INv­
INdHES 

2 

3 

4 

5 

6 

7 

8 

~ 

_lO_ 

.JIO I _ll 

1? 

__ll .. 
,, 

" 
~ 
69 I •2 ~

2 I 129 85129 8f 9 8f 9 7d t- I - I - I - J I - I - I - I - I I I I "I 57 I 55 29 9S 29 9 29 9 29_~ - -- - - - -· - - - - 10 

58 I 53 47 I 42 I l3o 1713o 1~ l9 2d 30 1 

54 I 46 48 1 42 I I 30 241 30 251 30 2~ 30 2 7 s l_s_ I s s 21 

76 I _$6 52 J 55 _l_ llll.MilO d lO 0~ lO 0 o I n 16 17 swlswls~ sw 22 

R4 I ~>9 68 I _6s I l29.9sl29_94l 29.9~ 29.....& -...__t__,_,_ __lfl_ --"- s ssw\ s s '' 
1(10 I P:R 74 _ _\ fia__l__ I 'O s,( 20 s~ 29 ad 20 1 5 I 11 9 11 SSW sw I s ssw 24 

_...__l_qs_ ?0 7, • I 1 10 6 s ' ENI' I NW WNW _lO 25 

67 I c-.2 _50_1 ,,_ 1~ zo o,J 29 o~ JO o 7 I 7 8 6 NNWI N I NNE N 26 

~ 64 I 68 s I 14 10 14 SSE] SSW( S ssw IS 27 
_ru __ ., 57 I 5_1 I 29 8~ 29 8~ 29 9d 29 a 4 I to 9 13 ____!i_ J _ ssw I ssw .s_ 28 

M.J. _62 58 I 52 29_ 9~ 29 g!J 29 9!1 29 9 8 I 1 3 s NF I N l_s_ _s_ -29 
R4 I 76 66 I 56 I 3o.o~ 3o.o! lo oLzo o to I a_ _j_ _5 NNI' I Nl' I NNF --- _30 

90 I 76 53 I 49 l29 9~ 29 9b.sol 29 1 I 6 6 • NE l NNE I E_NE .ENE_ 31 

VER IF I EO BY MONTHLY VALUES 31 OS 

REMARKS -.- Indicates time of day the charts were read, 0800, 1000, 1200 & 1400 

~f~ltUI 
1 -.r ,, ":r...-JioC J'Oit"' ltUKNUtA liJIIZO.a 



AT A OBTAINED FROM LOCAl I ON ABERDEEN PROVING GROUND MQr..TH 

METEOROLOGICAL DATA CONTINUOUSLY RUNNING SITE MD 
E M P RANGE ON SPESllfiE AUGUST 

TABULATION SHEET OIART RECORDS TIME ZOfi.E ISLAND 
YEAR 

PER IOC' 6 HOURS EASTE.RN 
IO« 

I~ TEMP RATU' OF '."" r:~ ~!" TY,. ""!"' r~~c m;~s N"HG 
NOS ED M W NO DI IECriO PRECI IN 7 •• 10 '2 14 . '" >? .. .. .. 

c-

1 67 68 68 75 96 96 96 90 29 93 29 91 29 86 29 82 .. " " ' .. ... ""' ,, I 

2 73 77 78 81 82 74 76 67 29 66 29 66 29 66 29 95 ... 
' • .. ... .. . • 

3 66 72 76 76 71 59 57 57 30 86 30 89 30 90 30 90 . " .. • .. 
' 

4 66 74 79 82 92 68 66 62 30 08 30 10 30 I 0 30 07 . • • .... •• . 
s 68 71 73 78 100 90 81 64 3011 30 14 30 15 30 14 . • . . s 

6 70 75 82 84 100 93 81 71 30 11 30 11 30 I 0 30 0 8 6 9 11 s s s s 6 

7 76 80 84 86 100 82 72 70 
30 "' 30 0 300 30 0 9 14 11 10 . . . . 7 

8 76 81 84 83 92 82 78 73 29 96 29 97 29 9 s 29 9 11 12 IS 12 . . . . IS 8 

9 77 78 80 84 96 86 82 75 29 90 29 91 29 9 1 29 8 12 13 14 11 s s s s 9 

10 72 80 82 85 100 74 66 57 29 85 29 88 29 9 0 29 8 9 7 • 8 sw sw s s I ,S 10 

11 70 71 74 76 76 72 68 64 30 07 30 10 30 I 0 30 I 10 . . . N . . . 02 11 

12 66 74 80 82 100 66 60 46 30 15 30 IS 30 IS 30 I . 10 10 12 . . s s 12 

13 70 76 83 85 92 64 54 51 30 03 30 o2' 3o o 1 29 9 3 10 8 7 WNW sw WSW WNW 13 

14 72 77 81 84 96 78 70 64 29 97 29 •• 29 .. 29 9 I 6 3 s s NE NNE E E 07 14 

15 74 79 .. 86 98 82 66 53 29 99 30 0[ 30 0[ 29 • s s 5 s E SE E E IS 

ill 16 77 80 84 89 100 83 70 49 29 94 2919 29 9 29 9 ' 3 7 7 11 s s s s 
29 • 

16 

17 74 78 83 88 94 83 74 65 29 91 29 9 29 9 6 8 5 10 s s s s 17 

" 74 79 82 88 95 92 80 73 29 87 29 8 29 8 29 8 5 5 7 7 s s s s 18 

10 74 Rl .. 95 78 68 62 29 72 29 7 29 7 29 7 4 7 7 13 sw sw sw - 10 

7n 70 .. .. 81 <7 47 .. 129 9 29 o• 30 0 30 0 IS 14 10 10 NNW NNW """'NNW •• 

" •• 77 .. 78 60 52 42 30 I 30 I 30 I 30 I 7 3 3 3 ENE E SE s " .. 
, <7 .. '"" ... '"" 

... I 30.m 30 " 30 "' 300 6 I 5 8 SSE SSE ... , 
. 

ESE . 

.. 76 . .. <0 •o I 10 o I 7o.o• I 7o o ,, 
' . •• .. .. .. . 

.. .. I '" "' I 7o ~ I 7o • " • 4 .. .. ... I • 

25 69 72 74 75 90 79 64 58 300 300 30 0 300 4 • ' ... • . • 
26 70 73 79 81 93 93 84 70 29 8 29 8 29 8 29 8 ' 7 " • • . < 7n .. 
27 71 81 83 83 90 67 61 60 29 8 29 9 29 9 29 8 ' • 0 • • . • 
28 77 80 86 87 94 86 57 52 29 7 29 7 29 7 29 7 ' 1R " ... ... •... 
2Q " 59 65 69 58 56 56 50 30 I 30 I 30 I 30 I 5 7 5 9 s WSW NW WSW 29 

'" '" •• .. 70 64 57 49 41 30 2 30 2 30 2 30 2 6 7 11 8 NW NNW N N 30 

31 61 68 72 74 58 52 52 52 30 2f 30 2 30 2 30 2 8 12 13 IS s s s s 31 

TABU LA TEO BY ·-· ., VERIFIED BY MONTHLY VALUES 4 36 

REMARKS• Ind1cates ume of day charts were read, 0800 • 1000, 1200 & 1400 
. 

SCUll,_ 1110 uu"s .OtT IIUIICJIUC' AltlllllUI 
l .... ,, 
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AT A OBTAINED FROM LDCAT ION ABERDEEN' PROVING GROUN'O M0"7H 

METEOROLOGICAL DATA CONTINUOUSLY RUNNING SITEEMP 
MD 

SEPTEMBER 
TABULATION SHEET I MUDT ··~··· 

RANGE £W SPBSlfflE 
YEAR -

TIME ZOr-.E ISLAND 
PER I OD ~., .,..,mr EASTERN 

1965 

~ •, T MPERA ~: '."" !A;~VE HUMID TY 
~· T~~c ·~~s '~." • I .N?n s p E?,'' .... : '",R' ·c:~· PO£~~ !.s'N I/ = ' " IN 

1 •• " "' Rn "' ... 67 ., bo og 9 97 29 02 29 88 ,, 20 23 21 s s s s 55 I 
? ., 7? ,, ,. ., •• • hn 13 hn 17 30 18 30 17 • • • 3 •• NW NW NN 2 

' •• .-'>a 73 76 RS •• « • ltn 21 0 24 30 24 30 23 8 3 3 3 NW ENE E ENE 3 

• •• .. 74 " •• 7? •• •• ltn 3n [,n 30 30 33 30 33 • 7 • 7 - - - - 4 

' •• ., 7n ,, •• ,. <R " 1,. ' '" " 1,. " 1, ... ' ' • ' - - - - 5 

• ., ., 
" " • " '" •• ltn '· hn ' ltn " 1 .. " ' ' 

, ' - - - - 6 

~ 65 70 77 R2 ., 72 " •• 1,. '" ltn '" hn to 1,. " < < ' ' - NE • NE 7 

.J! 64 74 7R R2 '"" <R 58 .. ltn n< 
'" n 

1,. n. 1,. "' n ' ' 7 - s• s s 8 
~ 71 74 7R ., "' " 

., ., '" .. ltn no 1 .. '" ltn " < ' ' ••• " NO ~ • 
72 76 79 R7 75 68 63 48 ho.os 130 "' 

ltn •. 30 01 : . • • - ' ' .. 
l1 74 82 "' 82 tno 64 64 70 ho.o6 1 .. "' I '".II 1,.' I 

0 4 s 4 - NNE NNE N II 

12 68 68 .. •• on .. "' •• 1,. , 1 .. ?. ltn' 1 .. " 
. 
' 7 8 6 7 ENE ENE E NE 32 12 

" 62 63 " 66 tno O< a< 95 1,. " 1 .. ltn n l,n n I 8 6 5 3 ENE E E N 68 13 
64 66 7n 71 •• ., "' 76 1, ••• 1 .. "' ltn n I'" "' ' s 4 6 3 NNW NNE' E SE OS 14 

" 64 68 74 7R •• •• R6 •• loa o< .. 1, ••. - 7 8 3 - s - - IS ,. 7n 75 7R Rn .. 6n <6 48 1,. "' ltn "' I'" no ltn ' ' 6 8 4 3 NNE N E N 16 

e\ " 6R 70 74 7R on Rn 7< 71 1,. ,. hn " ltn' I'" ,. 12 8 7 2 E NNE NE NE 17 .. 7n " 76 "" O< O< on 82 30 30 Jn 30 30 2' 30 26 ' 3 s 6 6 ssw sw s s 18 
,. 71 Rn •• on O< 7R •• S8 '" hn " ltn '" I •• ' 0 ' 4 4 - WSW ES• SSE 10 
, ,, 

"" "' " 1 •• , I'" " I'" ' • • , 
' " ... < NNW ' 

21 74 79 86 •• 100 84 64 62 30 20 30 22 30 20 30 16 7 n ' ' < < < , -
22 72 74 88 91 96 74 60 50 30 18 30 20 30 17 30 15 n '" • " . < •• , -
23 74 80 82 85 94 84 67 63 30 12 30 11 30 08 30 03 • " " ' . . ., •• 
24 73 75 80 75 •• 84 76 80 29 88 29 86 29 82 29 74 < • " - . 
25 55 59 63 64 67 55 47 45 29 88 29 93 29 95 29 95 10 13 18 16 NNW NNW• NNW NNW 25 

26 49 59 64 67 73 59 47 47 30 15 130 16 30 16 30 14 ' 12 8 6 5 .. N ESE s 26 

27 56 57 60 62 81 72 52 43 30 32 30_~ 30 421 30 39 8 5 10 13 NE NNE NE N 27 

28 48 56 62 66 79 61 64 62 30 41 30 41 30 38 30 32 12 11 12 5 
' 

NE E ESE E 28 

29 54 60 64 68 100 83 75 61 30 12 30 13 30 13 30 10 7 5 • 7 NE s s s 29 

30 62 65 68 68 100 75 68 73 30 16 30 18 30 19 30 I 12 IS 9 13 E E ESE SE 30 

TABULATED 8) VERIFIED BY MONTHLY VALUES ,. 
REMARKS., 

Ind1cates nme of day the charts were read, 0800, 1000, 1200 & 1400 
IIUI.I ,.,.. lt10 ..... ,, OJIUPG rO•T HU.&CIIUCA AUlQfriA 

-



AT AoBTAINED FROM LOCAl 1 Qr.,j ABERDEEN PROVING GROUND 1 MO~ ,.H -
METEOROLOGICAL DATA CONTINUOUSLY RUNNING '>I TE MD nrm••• 

TABULATION SHEET ICHAJIT .. CORDS 
• M p RANGE ON SPESUTIE YEAH 

TIME ZOt\E ISLAND 
PER\00 6 H 1\IRS EASTERN 1965 

I~ T MPERA ~ .. 0 ... AT! VI HUM! TY "':"" ·:~ ~~s I~."G I NO Sl EOMJ w IN• Dl Cf!O ... ~~ IN 1.71 B 10 12 14 8 10 12 14 IN ES 

•• o7 70 70 '"" I'"" on 98 29 97 29 92 29 88 29 82 ' 13 16 20 18 s s s s 35 1 

' " ., .. •• ,. •• '" 46 l,n 02 30 OS 30 OS 30 01 : 7 13 13 9 WSW NNW NNW N 2 

' <7 "' •• 70 07 ., .. 42 129 88 29 83 29 77 29 74 20 20 14 20 WSW sw sw WSW J 

" •• <7 .. <7 •n ., 4S lm •1 JO 02 30 01 29 97 
I 11 20 17 16 WNW NW NW NW 4 

....... ,. •• 40 <O <7 <O .. lm '' '" ' '" " "'' 8 11 13 8 NNW - WNW NNW 5 

• 38 51 57 57 100 49 44 43 l,n ,. 30 ,, '" .. "'" 2 8 7 12 sw s s s 6 

7 52 58 53 51 100 79 62 88 20 •• •• on , ... 70 " 7 10 11 17 SE SE SE SE 7 

8 57 61 65 70 100 72 72 46 29 46 29 •• ,. A< ,. 5 10 13 17 sw WSW SW WSW 80 8 

9 51 60 60 61 94 59 62 60 ,. , . ., , ... 7 11 15 8 WSW WSW sw WSW 11 • 
In " " ., . , •• • • •• •• 7n ,. " ,. 7A 70 7< 10 • 14 • WSW WSW w NNW 70 

11 43 52 59 63 100 68 51 so 29 99 30 0_1 30 02 30 00 I 5 7 • 12 'WNW • NNW sw , 

" ss 55 56 63 100 100 72 43 29 94 30 01 30 00 2V 95 ' ' 0 0 10 •• IINW NW • " 
lJ 47 55 59 61 72 52 43 36 30 14 30 20 30 20 30 15 ! < < • 7 NNW ... • < .. 
14 48 54 55 59 93 93 90 82 30 23 30 25 30 26 30 21 ' . ' < < INE I •• •• IN .. 
" 59 63 •• " 100 o8 .. 76 30 15 30 16 30 14 30 10 i < . . . •• •• •• 0< 

g: ,. ,. .. •• 71 100 30 13 30 16 30 18 30 16 
I • on 

INNE ·-95 54 46 7 I NNF IN 0< 

17 47 " " ,. 76 70 62 54 30 38 3041 30 44 30 42 ' . • . IE I • F • •• " 
,. .. " " <1 •• 78 52 47 30 46 30 49 30 49 30 43 I 7 • • A 1 .... I NF ... .. . 

00 

7Q .. "' •• o7 700 77 40 3 30.37 0 40 30 39 3033 l < . . INN. I NNF •• F on 

70 ., .. ., 40 1 •• 77 hn " I'" 7' I "' " • . . 
' •• .. 70 77 u 7A ., .. I"' "' JR 02 29 9 29 91 7 8 6 7 ENE E NE ESE 21 

" 
., n• 07 RO 1,. 7A "· " 

I 7o. 7' I •• •· 6 7 7 6 .... SE SE s 03 22 

23 56 59 62 . 100 71 59 46 29 47 29 46 29 4 29 l 4 • 7 • Is I WSW lww •• .. 
24 44 48 52 52 79 62 48 42 29 67 29 72 29 75 29 7 0 on o• '· NNW I WNW NW 7. 

2S l4 46 <n " 78 60 4• 42 l<o 19 3021 3023 30 1 7 n . ... ... · . 
26 40 so 63 65 90 •• 37 45 30 14 30 14 3012 300 • . NW WSW ;. • .. 
77 44 58 59 61 7• 60 48 44 30 01 300 30 0 300 7 0 on lww • ~ NNW 77 

,. 44 •• .. .. .. .. '" 36 I 7o.97 29 97 30 04 300 7 .. I • NW • 
,. '" " .. .. on •• <n 4l I"'·" 130.52 30 5 "'' • .. . 1- - ·-
'" .. .. . , .. 70 •• .. 39 . . . . . .. .. ... •• • • 

" " S4 .. 70 •• .. 38 35 . . . . • 00 .. ... • • •• .. 
TABULATED BY APG MET TEAM VERIFIED BY MONTHLY VALUES 1 32 

REMARKS IndJ.cates t1me of day the charts were read, 0800, 1000, 1200 6 1400 . 
... , .. uu ,_,, UIAI,. rftf IIUACMUI:A Mll .. ll 

•• 



co .... 

• 

METEOROLOGICAL DATA 

TABULATION SHEET 

I~ •, T MP~~ ~,· .. ':" r:~ flu:~· In' .. 
1 44 ,, << 57 <A 48 .. « 

2 34 41 46 46 ,. •• '" .. 
3 50 53 57 65 ., ,. '" " 
4 59 72 77 77 .. " " 

,_. 

' '" •• ,. ., 
" '" .. 

• _.._ 
" '" .I "' .. .. '" 

7 40 .. •• •• .. • <n 

R S3 <4 .. •n •• no on " 
• dQ <? " .. " .. ., 
10 31 36 39 48 7J 70 64 54 

11 41 42 43 45 100 100 100 100 

12 47 48 53 55 90 86 77 72 

13 49 51 54 56 100 100 100 97 

J4 41 51 53 52 88 47 42 40 

15 31 37 41 43 64 56 49 47 

16 52 56 54 52 77 71 100 100 

17 41 44 47 46 48 45 42 40 

18 35 41 44 48 48 45 41 37 

19 35 42 46 49 60 48 44 44 

20 32 42 so 50 100 74 48 50 

21 41 49 49 47 84 70 62 82 

22 44 45 46 48 100 100 100 100 

n -"'- 52 5I 53 1'" 70 66 63 

" ·" " 50 "' 70 " <2 

25 32 38 48 50 95 84 62 56 

26 42 48 54 55 100 71 60 62 

27 64 08 64 68 80 100 100 33 

28 40 48 - - 60 so 44 49 

29 26 37 38 38 60 4S 45 46 

10 27 " dO ,. "' <0 ,, 
" 

T ABULATEO "' APG MET TEM-1 VERIFIED sv 
REMARKS • 

Ind1cates tlme of day the charts were read, 0800, 
ULJII ,.,.. 1010 

1 .. , ,, 

[DATA OBTAINED FROM 

CONTINUOUSLY RUNNING 

OL\RT RECORDS 

PERl 00 6 HOURS 

I"'?' -~c m;~· IN HG 
14 

- ''" ' I'" ' .II 

1 •• " 1 .. '" 1 •• " 

1 •• " 
1 •••• 3" " 

! •• " 1 •• ' 1 •• ' -" 
'" " '" . I'" ., '" « 
'" '" I'" " '" ' 
'" , '" " I'" " '"- .. 
'" " '" ' I'" n· '" "' 
'" .. '"' I'" ' _, 
30 34 3037 30 36 30 29 

30 28 30 30 30 30 30 28 

30 31 30 33 30 30 30 28 

30 04 30 04 30 01 29 98 

30 14 30 19 30 19 30 19 

30 33 30 34 30 flO 30 27 

29 77 29 70 29 68 29 62 

29 so 29 53 29 49 29 50 

29 76 29 84 29 83 298 

29 99 30 OS 30 03 30 0 

30 12 30 11 30 05 29 9 
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