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A radiosonde system capable of real.time analog display as well as digi tal recording has been designe d
for use on tethered vehicles. A very simple configuration of the system, consisting of only the trans.
mitter unit , an AM radio receiver , and a stopwatch , can produce useful data . When used with a
commercial microcomputer system, the system can provide real-time display and digital recordings.
The system obtains information on the marine boundary layer from measurements of pressure alti-
tude , air temperature, and wet-bulb temperature thtoughout the lowest 600 m of atmosphere as It
ascends and descends between the surface and its maximum altitude .
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REAL’l’IME MKTF :ol(oix)GICAL l’ROF lIES usIN(; ‘l’UE NR L

M A R I N E  H( )UN UARY LA YER SON 1)E

INTR OD( t(’Tl(JN

A lig htweight sounding system , easily flown from a tether ed kite balloon , parafoil , or
kite , is needed for real-time meteorological mapp ing of the’ marine ’ boundary layer. Such a
device’ must hav e a nonstepping pressure indicator , because the alt i tude device must . respond
to continuous variations in pressure. The standard radiosonde , using a stepping contact on
the arm of the ’ aneroid barometer , will  quickly lost’ track of a l t i tud e  if it experience’s rapid
rises and falls. Some form of digital data recording would also be’ desirable , to facilitate
rapid automatic or perhaps real-time data analysis.

Tethered balloons and kites have been used for ve’ars , but they are.’ becoming incre’as-
ingl y popular for measuring the boundary layer for environmental purpose ’s. ‘l’he particular
s stem described in this report was designed independently for specific marine mett ’orologi-
cal soundings. It contains several unique features , developed over the past decade, which
suit it to difficult app lications such as operation fro m oceanographic ships at sea.

Instrumentat ion for a tethered vehicle is much more likel y than that for a free-flight
balloon to be recovered intact and ready for another flight . . This allows the’ use’ of relativel y
expensive instnime.’nts with very low cost per fl ight .

‘l’he’ de’signt’r of instrument at ion for the ’ te ’the’re’d vehicle has the choice of te ’lemetr
methods. Very lightweig ht conducting strands , to be woven into the tether lines . are availa-
We’ columerciallv : this offers choice of either direct-wire or II II’ data transfer. ‘I’he’ inst rument
dest’ribed in this report was designed to use the HF method for a numb er of operational
reasons, one of which was to eliminate ’ connector problems.

RAI)IOSONIW

‘The radiosonde is basically a collection of seven oscillators connected so as to tran smit
three channels of meteorological information to an observer on the ground. ‘l’he’ receiving
equipment at th e ’ ground ran vary in sophistication. ‘l’he’ simp lest ground stat ion ce)nsistS
of mer ely a communications re ’ce’iver and an observer with a stopwatch. A more’ complex
ground station design , describ ed here , includes a microcomputer-aided real-time ’ data plotter
as w(’ll as dig ita l  processing and recording o f t  1w data.

The’ form of the data is the period of time. ’ th at  elapses between tones , three pitche’s of
the aiulio-freiiueni ’y gt ’nerat ors art ’ set near the top, middle ’, and lower port ions of the audio
band pass of the’ receiver. ‘I’he’ manual observer , w ith  the ’ help of his stopwatch , first times
the period between two hig h-p it4 ’he’d pulses. ‘This period is mvt’rse’lv re’la(e’d to the ’ pr~’s.~ure
altitud e of th e’ inst.ru m e’nt pack age’. ‘l’lw obse’rv e’r next obtains the’ e’lapse’d t in ~t’ be ’twe ’ ’n two
me’dium-pth’hed pulses: thi s is directly related to the dry -bul b air temperatur e ’. Finally, t h~

MsI1IISO’ r lpt ti ,bmitt , ’iI Aug uiit Ii , I 97$
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ell ) se ’rve ’r t i f l i e ’s t h e  l) e ’ri e iel  lle ’t W ( ’e ’li t h i c ’ l I ) w - I I l t c IU ’el t ones I t )  ob t a in  ~v e t -bu lb  t e ’nl l) c ’r at ti r e ’
re ’aeliu gs. l’hus , by liv Ing the  t et he ’red vehicle ’ at a constant alt it uele ’ for e’ae -h se’rie’s of manual
obse’r~’at i e l i i S , a i i t t  eii at ig i iig alt  i t u t l e ’s in st e ’p for the ’ n ext  se’rie ’s of me ’astir e ’me ’nts . a whole ’
ilie ’t t ’e lr e) le ) gle ’al sound ing e’an he’ e elI ls t  rue ’te ’el w it  hi the’ simp lest of e ’ej t i ipme ’ii t

On the ’ ot he ’r hand , w i t h  the ’ itl e ’nt ical raeliosonde’ but  using an au tomat  ic dat a rc ’e ’e’iv in g

~V s t e ’ I i I . I lie ’ t e ’t hie ’re’el ve ’hie ’l..’ cat i lIe ’ allowe’e l I o cl imb e e l i i t  I i i t I e ) L1SIV or be’ e’ein t  i i i t i e ~t islv ptill e ’el
I I I  by a i l lo te ) r ize’el w in ch . \~ i t h i  t h i s  e’e l el i pme’iit data  are ’ automat  ie ’ally plot ted iii  analog fe rm
in real I line , as well as d ig it ally re ’e ’esr cle ’el clii paper tape ’ for ft i t  tire ’ e oinput e ’r analysis .

11w sub-H F sect ion of the ’ radiosone le’ is e’ompelse’d el f t hire ’e’ oscillators whose’ indivi d ual
fr c ’ejue ’ncie ’s are nioeh ifie ’d by the ’ an ibie ’nt pressure’, the ’ air t t ’mpe ’rat nrc’, ant i I lie wet-bulb
t e ’mIle ’r ature ’ re’sl I e ’e ’t ive ’ly , as we ’ll as I hre ’e’ tone else i l la te l r s  whose ’ fre ’que ’ne ’ie ’s are’ se’t pe’rma-
ne ’u t Iv t o th e ’ Ii 1gb , ce’nte’r . and low parts of the ’ audio pass ban d of th e ’ re ’e’e’ive ’r to he’ used .
lii t h e  m ann e ’r situ lIar to tha t  ele’scribe ’el by Gat hn ian  III , e’ach data oscillator has its indiv ie l-
ual out put fre ’e ltie ’Iicv cliv iele ’el by -109( . ‘l ’he ’ e otinte ’r s on the ’ radiosonde’ board e’sse’nt ially
average ’ t li e ’ i l ip t i t  data aiiel I hie’re ’fore ’ put le’ss s t ra in  on the ’ re’e e’ivtng anti aii a lvst s syste’ms ,
sac rif i e iiig re ’sponse’ I itu e ’ fesr re’lia l u l i t v  ati e l s impl ic i t y .  l’lie ’se’ eotinte ’rs cause ’ t lie’ tone ’ bursts
to he’ sl)ace ’eI far e ’t i est igh apart te )  be’ el i st inguishable ’ by I he’ hiu m aii  e’ar , an important  feature ’
for le sw .L i t i t lg e ’t d r  re ’mote ’ applic at ions. On t h e ’ change’ of state ’ o f t  he’ last stage of the  e’enin -
t e ’r , a 200-ms l ulse is ge’ne ’rate ’el : th i s  elpe’ns a gate ’ f e r  a particular tone ’ ge’ne’rat or to keel a
hur st esf a t i I l l e I  signa l  as a modulat  i el i i  t el  I h i ’ H F t ransmi t  t c’r thr ough an OH gate , as shown in
l’ i~~. 1. I~ c’e a s ist’ t he ’se’ tone ’ bursts t ake ’ up only a small frae ’t le l i l  e~ f t  line ’ , t he ’ same’ t ransmit  t e’r
Is tiSe ’el te l re ’lav simul t ane ’esusl v all I hre’e’ ehi~iiiiit ’ls of in t’orinat ion ove ’r t l ie ’ same’ HF l ink .

l”igur e’ 2 shows in detail  th e  eoi iipl e ’ine ’ntar y me’t al -ox ie ie ’ se’miceind ue -tor ((‘MOS
e’i re ’ti it rv i nvo lve d in th e sub- H F sect le l i l  e lf  the ’ r a elieison ele ’ . F’ivt ’ elf th e ’ osctllate lrs are ieie ’iit l-
cat ~iii  I . alt li ou ghi Ve ’rV Si Iii  I s le ’ I l l  ce l l i s t  rue ’ t i e  lii, h i aye’ a re’asel nat lI e ’ I e ’nt pe’ral ur~’ st abil it ~ I 2 1 -
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These dev ices are particularly well suited for marine boundary layer sounding, where tern-
peratures withi n a particular soun ding seldom dif fer more than 20° from each other. Dry -
and wet-bulb thermisters are the resistance elements in the two data oscillators, and fix ed
resistors control the pitches of the three tone generators.

The frequ ency of each of these oscillators is expressed as

k
RC

where k is a constant, C is kept constant and R is the frequency-determining element. The
period of the pulses emerging from the binary counter is

T = RC / 4096 * k = constant * R.

Thus , if we can assume that the resistance of the thermister is approximately linear over the
limited range of temperatures encountered in the marine boundary layer , then the period
expressed in seconds is directly proportional to the temperature expressed in degrees Celcius
and can in fact be set exactly if C is properly chosen. C

The altimeter , on the other hand , is based on an integrated circuit ( IC ) pressure cell
(LX 16O1A) that produces as an output an analog voltage that is linear with respect to absol-
ute pressure within a range of 10 to 20 psia. The difference between this voltage and a refer-
ence voltage is used as the input signal to a linear voltage-to-frequency converter. Thus , the
pressure is d irectly proportional to the frequency and inversely proportional to the period at
the output of the binary counter.

The locations of the dry- and wet-bulb thermisters are importan t for the correc t opera-
tion of the psychrometer . Figure 3 shows the mounting of the various components of the
device as they are located on the tether line. One convenient feature of a tethered vehicle is
that the orientation of the relative wind direction to an element of the tether line is always
the same [3]. Thus , no matter what the wind direction or the altitude of the tethered
vehicle, a device fix ed as shown in Fig. 3 is always, oriented properly. Rapid connection of
the radiosonde to a permanent loop in the tethered line is accomplished by dog chain clips
as shown in Fig. 3a. Battery energy consumption is low, but for long-term operation a
quickly exch angeable battery pack is necessary to minimize interruptions in the continuous
sounding process. Figure 3b shows the device in place on an actual tether line.

Details of the psychrometer are shown in Fig. 4a. Note that standard radiosonde therm-
isters ML4 19/AMT-4 are used for both dry - and wet-bulb sensors. The wet bulb is packaged
so that , although it is surrounded by a wet wick , the entire thermister is inside a thin water-
tight plastic coating, and thus water will not affect the thermister ’s resistance. A white sun
shield provided is broad enough to allow operation during the day except for the extremes
of sunrise and sunset , but is placed to allow natural ventilation of the dry and wet bulbs.
This is essential for proper psychrometnc action . Fortunately, the instrument operating on
a tethered kite balloon or kite is assured of adequate ventilation by the relative wind neces-
sary to fly the vehicle. Such a relative wind is, of course, essentially nonexistent in free-fligh t
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l ’ht ’ operational program for this  instrument was design ed to work wi th  an inexpe ns iVe
$2 -i 500) .  off- the-shelf  micro computer ,  The general design of the  systeni IS ShoWn in Fig, 6.

The inputs to the svst en l consist of three individual  Inpu t /ou tpu t  ( 1 0 )  lines , which contain
the transistor-to-transistor logic (TTL) level pulses corresponding to the reception of the
transn i ission signals of the audio-mod ulate d RF pulses from the radiosonde. For examp le , a
200-ms pulse appears on th e  “high-pitch pulse ’’ line when the radiosonde is t ransmi t t i n g  an
al t i tude  pulse . A fourth input  of informat ion  required for the calculations Is that  of t ime:
this is obtained internall y in the parti -ular microcomputer system used here. All t imin g of
the t ’v t ’nt s in this program is based on the intern al t imer , which USe S the accuracy of the
mic r ocomputer s O%%’ fl 1-Mi lz crystal c’lock.

Two typ es of outputs  are indicated in the figure. ‘l’wo lines of the 10  are used for the
analog channels. The analog data representation of the  desired data produced b y the micro-
computer has the form shown in Fig. 7. In this  technique the number “8” is represented hy
the four-pulse train shown in the figure , where each puiss ’ is of 20 ps durat ion and pulses are
separated by 20 ps and repeated every 20 ps. Similarly, the numb er 168 would be represented
by 84 pulses repeated every 20 ps. These pulse trains are fed directly into  a single frequency-
to-voltage conver(er , which results in a I)C voltage proportional to the number  represented.

Six , seven , or eight dig ital lines , depending on the code used , are reserved for the Opera-
tion of the paper tape punch. Each line operates relays that  in turn control the individual
solenoids of the punch. The punch is designed SO that it is inoperative for one particular com-
bination of input lines , but all other conabinations set the solenoids and start the punching
cycle.

The entire program is contained in 1000 bytes of RA M on the K I M - i  system at -id is
loaded into the RAM by means of the self-contained system monitor and a simple cassette
audio tape recorder prior to operation.

9

--  - . — ~~
-— 

- - - -- - - - - -~~~~~~~~~ _ .-- - -  ~~~~~~~ —



-- -~~~~~~~~~~~~~ - -

GATH MAN

HIGH - !LTCH _~~~ . 0-’
~ Id I N - I

MEDIUM- R ICH PULSE M I C R O —

C O N  P U T  E R
LOW—PITCH PULSE

W I T H  ________

I N T E R N A L

T I M E R

P U N C H

Fig. 6 — Block diagram showing the I/O lines between the micro -cors5 puter
and the boundary layer sonde receiving and recording systems.

NUM BE R OF PULS ES~ DA T A

OUTPUT
2 O m s  p’- REPRESENTING 08

Fig , 7 — The time-voltage configuration on one digital line representing the
number 08 , which , when fed into a simp le frequency-to-voltage converter ,
produces an analog voltage proportional to the di gital number

SOFTWARE

Operation of the microcomputer system is essentially simple and consists of a main pro-
gram that contains an infinite idle loop and an interrupt service routine. The machine spends
most of its time doing nothing in the idle loop. Figure 8 is a flow diagram depicting the main pro-
gram , which on the startup of the machine initiates the I/O lines to fit the design of the system,
assigning certain lines as output lines and certain lines as input lines. Next , all locations where
data and processing information are stored are cleared so that erroneous startup outputs are
eliminated , the punch output buffers are cleared , and th e “do nothing ” combination word is
output to the punch. Finally, before the idle loop is entered , the internal timer is started so that
the interrupt flag will be thrown exactly 10 ms later. At this time the infinite loop is entered ; it
is executed continuously except for periods when the machine is being interrupted by the vari-
ous functions of the system.

Obviously the main work of the computer is accomplished by the interrupt-service routine.
The flowchart of this routine is shown in Fig. 9. The first item of business after the sensing of
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Fig. 8 - - — Flow diagram of th e
main program of (he
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4
an interrupt is to restart the timer so that variations in the time required to complete the
various interrup t service options will not affect the t iming accuracy of the device, The only
requirement is that all of the service steps must- be able to be executed in the 10-ms allot4’d
time.

• As all data transmission in this system is based on the elapsed time between two pulses,
this t ime is reproduced digi tall y in the microcomputer by individually timing f-he pulses in
each of the three channels in the manner of an automatic stopwatch. On the reception of a
data pulse, a pair of word s in memory , devoted to timing the pulses, is cleared. Every 10 n-is
during the execution of the internal service routine , a “1” is added to each timing word Pair.
For convenience , the words are set up to represent a maxinaum value of 25.6 for the most
significant word and 0.1 for the least significant word . ‘rhti s , when the second data pulse is
received the data control routine transfers this time (stored in the most significan t word and
expressed in tenths of a second) to the current data buffer and again clears the timing word
pair in preparation for the next cycle.
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:\ number of logical processes performed it the data control routine increase the useful-
ness of the device. ‘l’hree sets of data “windows” are available. If the measured time is less
than the lower hound the machine assumes that a noise pulse was present and waits until the
following pulse appears to “do its thing. ” For short-period data , the 0.1-s accuracy of the
t imin g process causes unnecessary digital error , and this feature simply multiplies the data by
two for a more accurate representation should the data actually go into this area for a period
of time. If the second pulse is not received in a time less than the highest bound , the machine
assutnes that the receiver has lost contact with the radiosonde ; it flags all out puts of this fact
and awaits the ’ reception of another pair of data pulses to continue data logging. This immed i—
at ely tells the operator watching the real-time disp lay that something is wrong, so that he can
quickl y take remedial action , such as retuning the receiver , in addition , the flagged data are
put on the punched tape at-i d can easil y be recognized in later analysis.

Next , the analog output  routine is executed . The machine alternates between the two
analog outputs on successive passes of the interrupt-service routine. On the even count the
altitude channel is activated , The time between the received pulses of the altitude channel is
inverse l y proportional to the altitude. Therefore , the microcomputer performs a double-
precision division of a constan t by the period of the data to obtain a number proportional
to altitude. In the manner described above , a series of pttlses proportional to this altitude
calculation is put on outl)ut . line A02. On the Odd 10-ms pass through the interrupt service
rottti ne’, a further decision is mad e by the microcomputer. This tin-ic it looks at the clock’s
“second” regis ter and divides it s tin-ic it-ito 10-s intervals, putting the air-temperature data
out on line AOl when the ’ register time is between 0 and 10, 21 and 30, and 41 and 50 s.
‘l’lw rest of the time the wet-bulb temperature is displayed on line AOl. This format has the
great advantage of allowing the observation of both the individual temperatures and their
difference’s in real time on the same channel . Mois t layers at-id temperature inversions are all
immediately observable to the operator. Examples of these featu res will be present ed below
under the heading ‘‘Perfo rmance’. ’’

The next section of’ the routine is concerned mainly with housekeeping functions on
the very slow mechanical punched-tape apparatus. it checks whether various solenoids in
the punch are scheduled to be turned either on or off. This is necessary because of the rela-
tively vast amounts of time it takes to punch a data set on a 10-character-per-second punch ,
in coin parison with microcomputer functions.

Finally, after the clock registers are updated by 10 ins, the machine checks to see if the
PL I N CII  l)A’i’ :\ OUT subroutine is to be executed. ‘l’his routine is set to be’ activated every
mi nute ’, or more often if desired . The vnly limitation is the speed of the pun(’h and amount
of data that might be’ usefu l to the invest igator .

If this routine is executed , the current values of time, altitude , tii’v-bulb temperature ,
and wet-bulb temperature are converted from binary to decimal notation , and these t’harac-
tt’rs plus several format characters are put into the buffers for later punching. The schedule
for the Pt (MCII CONTROL routine is set up, and the first punch control is initiated by th is
routine , ‘l’his completes the interrupt service routine , and the control is again switched back
to the main program idle loop to await the next interrupt signal .

‘I’lw machine ’ language code for this software is available from the author in severa l forms.
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PE R FORM AN(’E

Obviousl y, the ’ most meaningful  way to test an ins t rument  sy stem de’signe’d to operate ’
in a changing e ’nvironment is to eili serve ’ i ts  performance’ in tha t  env i ronm ent ,  I” igurt ’ 10 is an
t~x ample’ of the ’ analog display obtained under sea t ’ond it ions dur ing  ,lune 1977 on the ’
l”o\i FT 77 cruj se ’ of the I I SN S I!a~’t ’s in th e Me’dite ’rrane an Sea. ‘l ’he’ figure ’ shows the ’ dry -
and w e t— b ulb  tt ’mpe ’rat ures coming closer together at the max imutu a lti t u de ’ , in d ica t ing  tha t
the ’ relative h umtd t t v  was higher aloft.  ‘l’Iw general cooling trend of th e ’ dry —bulb te ’mp erat nrc ’
suggests an ad iabatic t’oolmg rate.

The’ missing (laLe pulse’s on the wet-bulb channel ~tr e’ imt n ee lia tt ’l al)pa re’ tl t wt th  this
type’ of dtsplay, as seen in the ’ upper port ion of the ’ lef t -ha n d plot.

‘l’he’ alt t tu e le plot on the’ right shows level areas before ’ and after the ’ f l ight .  It was dur ing
these ’ times that  the ’ instntme ’nt package ’ was he’ld at mast height on t h e  ship Whil e ’ the  zero
le’vel f t c ’ ., 20 in above the ’ surface) of the ’ altime ’ter was ele ’te ’rmine’d and the ’ dry - and wet-b ulb
th e ’r mome’te ’rs we’re ’ e’a lihr ated with re ’spe’ct to pr e’e’ision ship board e ’quipnic ’nt located at the ’
same level.

‘l’he’ noise’ le’ve’l on t I-ic ’ alt itLt de channel is great e’r than ne’ce’ssarv . liii, leve l is largel y the ’
re ’sult of d igital ttne ’erta inty in the Wat\ ’ the ’ time period information was handle’d in the ’ pro-
gram software and e)f the ’ characteristics of the ’ particular altimete ’r. The’ noise appe’ars to tie’
gre ’ate’r at higher altitude ’s. ‘l’his is be’cause the’ period be’twe’en petl se’s be’e’onie’s shorte ’r at

TEMPERATURE (C)  ALTITUDE

WET BULB , DRY BULB

• ,
~•~.~•LI~I 

~~~~~~~ . - .  -

I
r~55$ING ,rç i t~e:s • - 

wet

200 4(S~l M i l lS .
- - _ _ _

- 
- _____________

_______ I ‘ - S

Fig. 10 —— Reproduction of the’ actuit i analog str ipe ’hart
recording of dry-bulb temp erature , wet -bulb te’mperal tire ’ ,
and altitude from a boundar y la~ t’r conch’ opera t i n g frot u
LTS NS I1ay~’c during a cruise in 1977
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i i t gt ie ’r alt t t t i d t s . antI t ’ eet l st ’e i t l e ’ I l t l V  t htg tt al  error ’. t e f  tile’ t rele’r of ‘ I (RI in s t l l ; t k e ’ a e’ t , i l sttIe ’r ~c Icl t ’
c l i f f e ’r e’i e e t ’ i i i  t he ’ t a let i l5 t te ’t l alt t U t t l e ’. I l i t s  u t l e t t ’st r a l cl t ’  fe ’a t c t r t ’  c.t tt itt’ e’ l t I t I t t l ~t te ’e l h~’ it i ece l i fy -
t u g  the  s , c f t ~~s art ’ to ‘,turt f l i t ’  t t l l l e  t u l t e ’r ~a is l e t grt’ate ’r lcrt ’,’l~ t~~tl ti l t h e ’  e ’a lt ’t t l i t t i e iu i s .

l ilt ’ ile’l ~ i l t r t t i I tt ’ itc ‘. e ’ itltilltafe ’ii Ill lilt’ iiat ~u a t i _ i l y s t s  ‘ c l  I lie ’ l’l i g l t t , hi \’ t i l e ’  st in i c l e ’ tt ’e ’ii -
ulle l t t t ’  cii  ;tvt ’ragttlg h~’ t i i t e ’ t ’ the ’ i i . i t a  about e ”, e ’tV a l t t t t t e l e ’ l n t t t l l  to I’or t i i  a s t t l t n c t i l e ’ ,t alt  it  t i de ’
t ’ttt’% e ’ . l l ~ is alnoe t t i ts  to p t t t t t i l g  .t i f t g i t a l  i t l t e ’r oti t i l e ’ ~i ( t  i t t i c l i ’  data .

, \ n cc t be ’r t t i i i t ’re ’t i t p re ilile ’tll tti h its tv h )e ti f t l ; t t5t  t r au ls t l l l ss t t c l l  st i le ’ i l ie ’ t~ f l i t ’  pe iss t i i t l t ty  t i t ’

I i~ c c  lo t te ’  ptIIst ’s t ) ve ’rla p j i t t l g  c acti ci t he’r i i i  ( t i t l e ’. I ) cl r t t lg ( i t t ’ l i t t le’  t h a t  ~ c c  i ulst ’~ a re ’ .e t t t ’n ip t  -

t u g  t o  t r ansn i i t  th e i r  l~ trt tt ’ t t l , t r  t u t u ’ s a t t i l e ’  sat tu ’ t i t t i e ’ , t in ’ t t e t n i t , t e ’ a r  d i g i t a l  ‘eN I I t ’irt ’ci t t  F at ls
f ec  .t t ’t . is .i t rue’ a n i l t e c  n i i ~ e ’r , ii t t i i tile ’ tie ’t r esult t h a t  t i e ’ t t l i e ’r Ut ile ’ is  re ’e ’ec g t i t i . t ’e i at t h e ’ f e i n t ’
c h’e ’oe h ’r . ( ‘eiuise ’q t ia ’t i t l v ,  f lit ’ ‘‘ oi l ’ t i t h e ’ of f l i t ’ se ’cu ’ iit l pulse ’ us ap~care ’ti t lv tle ’lav t ’el anti t ’rroiie ’-
c u t s  s l , i t , i  are ’ r i ’ t - u ’r ~h , u l  Re ’e ’;utsc ’ all osc il lator s art ’ e ’oIll ~i le ’te ’lv t ntte ’j n’unl e ’t l t  of one ’ a u u t c t h e ’ r ,
f l i t s  is a icti rt ’lv r ancfon l  tcr ewe ’~~ atid (tie ’ p r u u h c i t i u t l i t y  cci ’ t h u i s  ot ’eii rr eule ’o is st a t i s t i c a l l y  el t ’le ’r-
iii itie ’~ I icy t h e ’  cci 1st’ lt ’t i gt ii alit I f l i t ’  f t  t ile’s I let %e ccii t h e’ I U iSt’S . l’ii e’ t iiax till  Li in error is alst ch’
te ’rnl t ul t ’ t l b the ’ pulse’ ~ t e l t h , the ’ t t n l t ’ iie ’f wee ’ti i~ulse ’s . and f l i t ’ l ength  of the ’ ~t t t t h t t c  t t i t i e ’ htt r st
ru ’e iul r t ’tS for th e  h u h ’  ciu ’ e ’ece it ’r to re’e ’e cgnl ~’ e ’ t h e ’ t one ’ burs t as a pulse ’. ‘el i  of t iie ’se ’ sc . cui ru ’t ’s of
e’rrt ir e .t ii lie ’ ke ’p t w i t ii III I t t i i  i ts  t e l  l ire it Itt t e’ I I It’ t lest ret I aect tr ac y of ie ’rtt rti i at lee ’.

Ftgure ’ i i  show s f i le ’ plot cii dry -bulb t e ’mpe ’raturt’ ~s alt t t t t t ie ’ euhi t a i t ie ’tl fr e itu ( lie ’ d ig it al
rt~e ’t i r ding ec f f l i t ’ f l ight  show ii in Fig. 10. F lit ’ solid li t i t ’  ott  t h e ’ grap h is f l i t ’ least -squar e ’s,
se ‘cell t e l  - crc icr pe ii viii m i  uiil ft t t i c  l i i  e’ el~it a. ‘F lu ’ creisse’s a re ’ t lie ’ t ti t i iv ieltu al ci at a pot ii Is froni t i l t ’
f l ight  it i  wh ich t u t ’  ave ’rz tguig- by t hre ’e’s I nt ’l l i t i t i  of alt t t title ’ f i l te r ing  was a l i lmil t ’d i i e ’fe cr c ’ plot -

tu g . Fbi ’ slanelat — t i e f e ’v t a t ten i  of h it ’ a i t t t u t h ’  i~t ta ~th out  ( l i e ’ u r i c ’ is .~7 iii . in te l  t i l e ’ ah i ii ar e ’iit
t li ’vt ~ t t e t t i  t if f l i t ’ te ’tnp e’rat tire ’ ch it a i t t i t i t t t  f l i t ’ line ’ is 0.3~ ( ‘. ‘ Flit ’ t i le ’8ti lapse rate ’ of t lie ’ least -

‘.1 ;t iai’ t ’s curve’ to the ’ lt we ’sf 200 in is I () 100 in . %vh le ’li Is Ve ’rV close ’ to t h e’ t ’X t i e~c ’te ’tI t t rv
atI ia l t ~t ( i t ’ lapse’ r a t e ’ .

\V iie ’t her t hits c i t  i t e ’r t at iii  v is f l i t ’ rt ’stt I t cu ’ t in ’ alt  tt title’ !iie ’astt re’tile’t if or cit (lie ’ I t ’t ll P~’,’~t-
ii i rt ’ hIlt’asc urt’I iie ’t it ‘at I tie ) t l i t ’  c le f cr111 juice I I re 101 f l i t ’ t cuu i~ me rit f t ire ’ cr0 fi le ’ - I f t c  iv e ’V t ’t’ , t h e ’  at - c i i

e t c ’S of (h i ’ tin ’- ant i  we ’ t —iu i l h  te ’nlpcrit ture ’s are’ bo th ve’i -y itii t uo rt aul t iii f l i t ’  t ile ’a sctre ’nhc ’iil ci i
is a tt ’r vapor , iii tha t  (ti e ’ use ’ of the ’  psye -iirome ’t rid ’ t ’quat ion re ’qL i i re ’s I he ’ eli ff e ’rt’i i t ’e’ itch W t’t ’il

fl i t ’  Iwo te’tnlut’ rature ’s to lie’ used . If e ’zteii te ’mp e ’rature ’ had unc ’e’rta tt it te’s ccl 0.3’’ (‘ , eeiu is tele ’rahmle ’

c ’rre ir wcnil e i  result .  Feir It i s t iti i e - e ’, if to ( hit’ worst -case ’ st t t i at  it)tis , t’rreirs ect ’ (1 .3’ C ’ wert ’ a t t r i bu t e d
h e ’  both d ry - anti  wt ’t -h ~~h ic mt’ .i sure ’t n e ’nts at itt ~i icle ’ti t t ’ t uui t l tt te ul i s st u i i t l i t r  fec those’ tu i Fig. I I
at ie l 12 , une ’t ’rt aiu it it ’s i i i  re lict tve ’ i t u t i i t t l t f  v of -l - we itih t i rt ’~tt l t  - ‘en e’rrt r i t t ialv sts of fl i t ’
d ata p lott ed iii l” ug . 12 w i th  rt ’spe ’t’t (ci t i le ’  Le ’ast-st iuar e ’s se’e ’eiuul-o r ele ’r  cut-s e ’ Fi t  I t ’d f e c  t in ’ data
~ lye ’S an ci nt ’e ’rt at iii v t ml tin lv 2. 2 ’ - H i i .  ‘I ’li is at i~t l s’ sis tin ph it’s t hat liii ’ t t ’tn ~ ue ’ra f i t  re ’ t b  at i t i e ’l s
t -emn ta j n  a ran d om e’rrcir ci f abemu ( 0,1 ~c ’ (‘ while ’ the ’ r e ’u i iatnc j e ’r of I lit ’ errors art ’ a f t  r i b t i f a t i l t ’ ftc

rat u h im t’rre ir in I he ’ at t imt ’t i’r sv 51 ciii , i - e ’ , appreix i in at e’lv ‘ I I in -

( ‘ONCIA SIt )N S

Flit ’ b emntiarv lav c ’r r aehiemsemnei e ’ has prtcve ’n ve’rv tis e ’fcil for ship boa rd tl ie ’fe ’ecr ecloglc al
e’xpc’r ime’nts. i t s  t ii aje ir a t ivat i f  age’ is ve’rsa t il it  v in the ’ re ’ t e ’I v cog iii eielt ’s , winch allows use ’fct l
profile ’s to lit’ emh t aitit ’d tuti t i e ’r even pru iitt  ly e ’ e ’emnt i t t  tons.
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Fig I I A profile ec I a t i r  t e’nlpc’r at tire’ math’ at sea l”i~ I ‘i, i cr , ( i t t ’  e el ’ rn ’tct l i ce ii urti t e t u  i~
- eat , ’u

t en a c’ru tcc’ of 1 SNS I Lo- ,‘ .t ti c 1 977  ‘The’ t ’r eusst ’s ha tt i’d t ic i t l i  I he’ cI s .cuc c i wet - t iu l Ii ic t ui p t -c- at t U it ’s
re ’pr ece’r it the ’ el ig it al pou nts r e’eemr ti e’el e’ve’ r %’ me flu te’ t cht  z t i t ie’ tt ,tet ring .i Ku t e’ hat tot eti  tligh t ott .t t - ru i st’
clu ring the ’ flight - t’ht ’ l i i i , ’ t ic it st’c’tind -ore l e’r 

~‘‘ ‘Is -ct ,, ,‘t S N S / ~.s t i t  I 9 7 .  ‘fli’ ’ ,- , ~~~~~ w ~ct ,‘ice’ut r
mta t . h’~~sI - cet ua r t ’s f it  t t i  ( l i e’ data. i t ieh i ~ t eI t ia , I  c I , ( , I  m u t t _ i t ot is ,c t ’ t , ’I , , t  c c , ’ it ~ i u u c t , h i l

I t t i l i t  iii , ’ , hc ~ u t  ci c ha t  ~i , . i i id  I he i tt ie us ,i se’ce ’tueh
, ‘ c , h ’ c  i ’ ,,i~~itc ’ i f l t c t I . I, ’,t~ t s c i t c . u f i ’ s I i i  t~ uf t e , t . t u , i

nde’r tiiie’rocotnpttt e’r coot rol , real-I ime mid digit a l rc’t’ore l logs c’tmn t am ratidoni e’rr ors
of atmout d o , I 5 ’(’ for both d ry - and we’t -hiu lb te’t iiperature ’s and • 1 - t  for pressure’ alt ituc le ’
cle’tern iitiat icmns ,
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