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Cont1de11tial 

Section I 

INSTRUJDTATIC. 

A, Sut11Dary 0£ Work Do~ 011 In:;trwnentation 

In the period covereo ty tis rPport, flights c lube d1v1aeu into 
r ur ;·ro ps as far as t e 1nstrwnc; tat1 n W'1S c nccrne • T e 1 irst f 
these was a cont1nuation oft e flight c nstants fl1phts, the second •as 
ontinu.tion ancJ e~nsion f temp rature 1nvcst.lgations, the t ird was a 

oNgram r testing ~lar and c:,limer balloons, anu t.he last as the step 
flights which wtre the outcome of the fli~ht constants fiights. Fer each 
or thf!ae groups or fiights a different g nd la '11as requirea even though 
some or the aoparatus incluued 1n the Erondolas was interchangeable. In 

addit1on, the noraal proceae or lJllprovement in aev-,lopment continued during 
this period, so that none or the instruments that were flown 1n the beginnifl• 
or the period remained unchanged by the end. 

Th flight constants gondola, as it was nown at the end or the l&st 
report, period, waa little changed dw-ing this time except that a reat deal 
or w rk was put in on the canmand receiver and the receiver control circuit, 
which appeared to be the weakest link in the system. Analysis of results of 
the flight constants flights flown auring the last pcrioo s rowed that the 
bandwidth of the receiver was veey narrow, making it quite selective, and 
the control filter circui ta also had a very narrow barxiwi.d th. The combina­
tion of th~ two resulted in a system which was so selective that extreme 
di.1.fiC.i£1i-,1 "aes experieooeci in operating this system at long range and after 
the batteries had been partially used or after the equipment had cooled a 
little. A new receiver was developed with a slightly wider bandwid·c-h and 
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onl.} the r n1 ... neceaaary eqmpaent, na•ly an Ohand Cycle, a trana-
1111 t,ter, t. •• ter111, am an ante ma, and was encast'd 1n I l" styrotau box 
conred •.Ath •l•num .a'o1l. A eeoarate blOlldown t1•r, llown on so• or 
tt•• tli~ht1, consisted or a pocket watch altercu tor this J..urpoae w1 th 
batteries, a case, and blowdown squits ana can11on. Thu we1 •hea out 

The 1 .. p fli,:ht consietea essentially a la t.t r:= ~ 1c altered ta 
al t.J.tude ir. a preoeterCl.ned fashion, fr m 1c t he lift of an ordinary 
balloon wa j raeasureo. Thu pruented several probleu in u~truaentation. 
Regulation of t~ rate f ascent, uet.eranru~ the alt1 tude of each step, 
ana timing the aacent anu level portion of each step, waa one :,art of this 
problea, •Hle measuring the lift ot Ute balloon un.er study and tele111tenng 
th1-. 1n1'oraat1on to the grour&J •aa another part. The aolution waa two 
gondolas, or.e coaapoaed of • ballaat~ syitem, tlif(ht program ti•r, and 
weigh-oft device, the o~er cont.Ai ru~ al t1tUde neasur~ aences, n _g ht 
safety dertcea, telemt,terinv. equipment, and power sources. 

Two ballasting systems were dt:veloped, one using liqUld ba l ast, the 
other magnetic ballast, W1 th aooropnate programme re for each ,y11t.em. Two 
types of tenaiometers have been flown for measurmg t e lift f the test 
balloor,, the mo-rt recent one an adaptation of the 11am Cycle pulse-time 
coding l)'Sto11 of telemeteri~ linear position. Since the tttnsiometer and 
preasW"e-.as

1

.1ri~ units were nown in duplicate recently to avoid po aible 
loss or inf oration from equipment failure, the amunt of information to be 
telemetere"! was more t han ~ single channel telemeterinc system could contain

11 am a rn l tiplexi~ system became necessary. A commutator was developed whid'J 
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Section I 

INSTRUIDTAff<14 

A. Sunmary of Work Done on lntitruaent.at1 on 

Paa• I-1 

In the period c vereo ty tis rPport, fli~hts c0ulu be di11aeu into 

four gro ps 1s far 1s Le instrwoon~at1 n •~a c ,~ rneu. Te first of 

these was I continuation ft e fllght c nsta.~t~ fl1 hts, the second was 

cont.nuation AOO expansion • te ratur~ 1nvcst.1~ations , the t ird was a 

orogram of testing !tVlar and cyli~er balloons, ant lt--e last as the step 

tl1rhts wtach -ere the ut.come of the fli~t c atants flights. Ftr each 

ur theae groups or n1ghta a different g oo la us req 11reo even though 

&vme of the aoparatua incluu6d in the ~ ndolas was interchangeable. In 

addi t1on, the noraal proceu or 1J1proveaent 1 n aevelopment continued during 

this period, so that 1one or the instruments that were flown 1n the beginni~ 

o! the period remained unchanged by the end. 

The flight constants gondola, as 1t was nown at the end or the ...1st 

report period, was little changed dur1ng this time except that a i;reat deal 

or work was put in on the coamand receiver ad the receiver control circuit, 

which appeared to be the weakest link in the system. Analysis of results of 

the flight constants flights flown our1~ the last pcrioo s~OYted that tht 

bandwidth of the receiver was ver-y narrow, making it quite selective, and 

tho control filter circuits also had a ve':"y narrow baoowidth. The combina­

tion or the t•c, resulted in a !3)'St em which was so selvcti ve that extreme 

difficulty was experienced in operating this system at ong range and after 

the batteries had been partiall;y used or after the equipment had cooled a 

littll . . new receiver was deve oped With a slightly wider bandwidth and 
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• new control circuit waa alao OeYeloped, which, unaer test, •as better 

than anything uaeo preY1ously. Howftr , before it was tla-n the decision 

to eubetitute etep n1 •hta for flight constants tlliht1 was 1111de and there 

never has been a r i tcht t,est or th11 cOlllllllnd eqU1pment. 

St>ec1al equipment, developed for the tc,11>9rature and infrared measure­

•nte, 11 discueaed thoroughly 1n Section I, Band C, aoo •111 not be 

cOYered here. The gondola ~ont.rol tQUipment am te lemet r1 n "as stand~rd 

at the t11• and was not eh&fled 1n any way for these tenoorAture tllghts. 

A progru or teat-tl)1 ~lloona ot aifferent naatcrials anu s aoes 

requir..cl dnelopaent of a ; .u, n:lat1vely 11.ght-wel [;ht gouoola with good 

heat-conaern~ pONre tor one to two-day flighta. Ttu s waa d.lne in a 

gondola trU1 ••auring l rt on a 11de 1fl th 111 the uaual apparatus olus 

a water tank r,,r heat •tore,('. Th11 gorliola -.- .. ~ encasea 1n a styrotoam box 

built or two layers or 2" 1tyrotou wit'l alwainuc toil between layers and 

on t~e outside. It was noasible to make t • ~ up ano uown camera w1ndons 

eraaller than on the large ~ondola packar,es because tre tit or the box was 

tight, thus allowing acr i.r t e positioning. These were the only openi~s 

through the styrotoam, einct. t e antenna dropper was fastened on the outsiae. 

There was IJO contact of tt--t f, naola trcltDe w1 th the outsiae air, suspension 

being through nylon rope &1'11 with a fiber support for the antenna o.ropper 

and flasher. The total weight of this gondcla was about 47 lbs as prepared 

r or a two-day flight, with out parachute. 

was the subminiature gondola which, weigh , ;lbout I,¼ lbs without parachute, 

was intended for flight on small diameter balloons. Thi~ gondola contained 
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anl7 the 111n1 ... ncceaaary equipment, na•ly an Olland Cycle, a trana­

llitter, batt.er111, &J¥l an antenna, and wae encaat'd 1n a l" styrotou box 

coftred 111th alulllinua roil, A aenarat.e blowdown t1•r, flown on so• ot 

theN tlighta, cona1at.ed or a pocket watch altered ror thia purpose w1 th 

batt.1r111, a case, and blowd wn aquits ar¥J canron. Ttua we1~hed about 

aix ~ee. 

The step fli ~ht. consist.ea esscntia y a platJ'om ruch al~red it.a 

altitude in a preaetera1ned ra:sh1on, fr II JIit ch the lift of an ordinary 

b&lloor. was t1eaaureo. Th11 presented several proble.13 l n me truaentat 10n. 

ResulaUon or t,~ rate r aacent, uet.ermru~ the altitude or each step, 

ano tilling the ucent am lnel portion or each atep, waa one :>art of thia 

probl•, •Hle ■easur1ng the lift or the balloon \D..tr st.ud1 and tele•tering 

th11 in!orution to the groun1 waa another part. The 10lution wu two 

gondolas, one coapoaer o! a balluti~ system, rlitcht program tier, and 

we11h-ott derice, the other co 1ta1 ru~ al t1tude rmasur~ aencH, night 

safety dencee, tele■oterinP. equipment, ancl power sources. 

Two ballaating cyat.ems were developed, one using liquid ballast, the 

other magnetic ballast, with aooropn.ate progrlJ!lDErs for each syetem. Two 

t,ypea or tenaiometera have been tl1.1wn for measur~ the lift of the test 

balloon, the a>at recent one an adaptation of the Ollmi Cycle pulse-time 

coding syate■ of telemeterirw linear position. Since the tensiometer and 

pre11ure-meaaur1rw units were nown in dupllcate recently to avoid possible 

loae ot 1nfor•t1on from equipment failure, the tuoount of information to be 

telemetered was more thia .. > a single channel telemeterinc system could contain, 

and a multiplexi~ system became necessary, A commutator was developed whidl 
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accepted f1,e channela or 1nrorut1on, coded • .. t, ahaneo the pulses, added 

a 1ycbron11at,1on pulse tor the read-out equ1p..ent, noo keyeu t.,e transu tter. 

In adcu tion to the !light equipnent me'lt1oned, some, grown equipment 

has betn oevelopea including a port.able rect .1 ver f r stat ion nv to uu in 

theoo 11 te t.racu'l;, a sm.ill ort.a le paauc .U Jar ·or testirie re~ure­

oocr teu equipcncnt a-.ay fr\Jlll tt\e laboratory, am an ~- r e proportional 

reader r r roaa1 llano Cycle rc.:c rds, amng other t.h1ngs. Theodolite 

t.racldne ana recovery arranr.earmts continued to be a responsi bill ty of 

i ,at.rument-at1on personnel, and the rt-ad1~ of records t-aa become another. 

B. Teaperat"" Ins7umen~tion 

Two 1nst.rwnento have t:.en used to measure temperatures in the u.r 

eurrour. 11 the balloon -anu •.1. th1 n tr, • ,on gas 1 taelt. Foth eq:,loy 

theraistors as the temperature sens1nc elements, tut the first was aesigned 

to record the meur ·re111mts, •Hle the second telemeters temperature 1nforma­

t1on on one or more chamels of the mult1-channU pulse-coded transmitter. 

For a description of ttor.1e of 1e problems relating ui -ectly to thermistor 

properties, See VolWDB II, Section v. 
l. The Air Thermistors 

Although it is iq>ractical to ventilate the air thermistor except 

on rapid ascent or descent, one conclucies that the teq,erature error 

associated w1 th a lack of rapid cor.vection i8 on the oraer of l O a1'¥i 

can be neglected. Consequently, for air temperature ~asurel!l1nts, 

one or two thermistors are either m:>unted on a non-hygroscopic lucite 

plate attached to the end of an aluminum pole which is a·ttached to 

the gondola, or nre suspended on an 8-ft lead and allowed to dangl£ 
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below the gondola. rn either case, care ia taken to assure lo• 

electrical leakage aoo negligible temperature rise tr011 conduction 

or radintion. l"ig. I-1 shoH the air thermistor pole ■ount.i~ tor 

2. The Ra 1.loon Therm~~ Droppers 

~c ~~ o the utreme fragility of the roo thermistors,• 1t is 

necessary to protect those r:10unted in the balloon for gas temperature 

measur ... mcnt frcxn reakage auring transport, inflation, a~ launch. 

lJunng terq,er.t.ure nights, measurement.as have been taken at seven 

points with!n the balloon (er. Fig. V-2, Volume IX, Section V); the 

therauetore are suspended at theee pointa by dangling them on leads 

ot appropriate length con'lfteted to t.he talloon fabric. 

U a own 1n Figure I-2, the therall ator u mounted on a small 

wooden stick ,r low heat capacity 'lrx1 is surr unded by a wire helix 

which •"ea to protect the therr.u.stor from falling against the balloon 

fabric duril'I ascunt and also as a spri~ to pop apart the two llWll:inwn 

hemisoheres. These h:>rlliapherea are helu toi~ther by wrapping the sus­

pension lead aroWXl them; this assembly 1s then moWltea in a prt. 1 •e­

operated aropper (Figure I-3) which releases it. at a predetermined 

preawre, allowing the spher6 to umrirxi and fall off as the thermistor 

reaches its preassigned coorainate. 

The thermi.stor ia dropped into the balloon gas 'flhen the balloon 

haa distended sufficiently for 1 t to avoid dropping into the fabric. 

* Friez Ir trument Company, type UL 419/ 00-4 
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owevcr, becaus r the 1mpract1cat1llty of c· llt-rat.ln~ a s1mole bell011a 

t ·at.e e late mcc anism belOIW a pres!>ure t' 1 ut 2'>0 m , some 

thernust.ors ave been m.:1t.urely rclca:;eo no • ve eltN!r broken or 

read tc ,oeratures ab orr..a ly 1g • 1le 1n c nta t. -..1 the abr1c. 

The temperatures 1nd1cateo by t e them1st.ors cu-op abr 1 tly as t e 

phere falls lWay, c.<nosin the t.hercds~ r t the, ball n gae. T 1s 

1, inu1cated in the teroperature plots (Volume U, Sect.ion V) J iA 

dotted ll ne. 

The thermistor dropper 1s mounted in a rigid alW1Unum cylinder 

encased in sponge rubter t rotect the balloon fabric (Figure I-u) arxi 

suspended at a istance ot about a foot froa. the hal loon fabric by means 

of a grommt contairunt an ~mphenol plug for electrical c nnectiona. 

Wires arc rW1 dor.i one or more gores of the t&l 1.oon. , v1ew r the 

connections at the fabric am a therc1stor dro er installed inside 

the halloon 1s shown in Figure I-5. 

) . The Recorder Voltmeter 

over a moderate temperature ra~e, the rcs1btance-temperature 

characteristics of the ML hl9/00-u thermistor can be expressed approxi­

mately by thA N::lat1on 

R • R e-'bT 
0 ' 

where R
0 

1s the resistance at ooC, 

bis a ~onstant, and Tis temperature in °c. A choice exists in select­

ing a parameter to be read with such a characteristic. Supplying the 

thermistor with a constant current am then measuring the voltage drop 
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across the tt- rrrdstor result: in 

V : IR e-bT 
0 

This system nes 1ncreasirt s,r ativ1ty 

~ th c.~creas1~ te· .perat.ure · , which s esirallc r ese , articular 

measuremen s. A t rnat1ve systems , 1c al " e s1L v1ty 100 

of tenperature woul take aavanta e f tte l ·ant mic c aracteristlc. 

As s cwn in F'lgw-e I-6, the t. eri,1stor c stant current 1s •ene rate 

by e°"loyi~ a lar •e ~ampi~ rcs1 tor in :1eries w1 th the t erm1stor 

acr ss a fixed v ltage stab1lizeo y a v lta .,e re"e ence tutE. 'nle lUL 

cathJ<ie follower circu1 t wh1c c u les the the rm1st.or vol tace to a 0-50 

microammeter is independent o! suptlY voltage variations ~rxi ia not 

critical to ~djuat. Adjustments of thP c1rc1.11 t ar made by applyi~ 

zero resistance in place of the thermistor a sett.i~ tt-e meter current 

to 50 (full scale), then substituting a 2 megohm resistance (-74°c) aoo 

adjusting the grid control to give a read1~ of 5. It is unnecessary to 

plot a special Calibration of scale v~. resistance sin:e this 1 s done 

automatically dur1~ flight. A typical curve so obtained from Flight 57 

is shown in Fifure I-7. 

4. The Te,nperature Recorder 

The complete recorder unit (Figures I-8, 9, 10, and 11) containsz 

(1) an A_utomat.ic V.lect.r:ic t.AlApt,one type 

selects the thermistor or calibrating resistor to be read; 

(2) an instrument panel contaj_ning a chronometer, a ioorcury manometer, 

two 0-50 microammeters, one of which indicates the thermistor reading and 
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Fig. 1-8. Tenperature recorder cace, closed.

Fig. 1-9. Temperature recorder case, open.
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Conri~ntial 

the otller t he 1nf'rared det,ector readlll,t, ana rive irl.ilOI ti~ l1~hta 

which poa1t1vel.y ide:1tity the particular elenaent bein reau; 

()) a 35-.11111 camera with an attached sw1 tch which synchr ruzos the 

stenpil)' sw1 tch •1th the camera rraoes an. turns on two 1llwn1nat ing 

ll~hts when the shutter 1s t.r10pedJ 

(~) a clutch rnec han1sm wt. 1c connects th e camera ootor t t he camera 

for t~ period of one cycle of read1ngs; 

(5) a timer which iru tiates a cycle of reau1ngs at preueter1111ned 

inter.ale; and 

(6) plug corn:ctiona fur air thermistors, balloon thermistors, 

infrared detector, voltmeters, and oc,rer. 

411 of theM are enclosed in a reasonably light-t1cht box sup;,orted 

on a rigid rrame tor attachment to the goodola. See Fl r,ures I-8, 9 aid 10. 

The t1•r which initiates a cycle cloees a relay with holdi~ con­

tact•, which in turn energizes the clutch, thus starti~ the camera. 

Each revolution of the camera dr1ve trips the shutter, then steps the 

steppi~ switch around one position, ana repeats. This c ntinues until, 

after taking the last picture in the cycle, the stepp1nr, switch again 

advances and applies a shutoff voltage to the holai~ relay ,. sto~ing 

the camera drive ar¥i the cycle. The camera motor revolves at 5 rpm: 

which means that each of the reaoi~s in a cycle occurs about l.2 .,econds 

Gp.rt.. '!'he t1~r can l,,t preset to initiate a cycle every 2½, 5, or 10 

minutes, giving t total recording time, sux:e the camera can be loaded 

with 50 ft of film, of about 5, 10, or 20 hours respectively. 

This system allows considerable flexibility in progr&~ming thermistor 

readings, mi can be very readily set up for any duration flight. A. sample 

record of the film is shown in Fit~re I-12. 
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Fig. 1-12. Fanqsle film of temperature recorder.

wm

Fig. 1-13. Thermistor pulse generator.
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5. The T~Efnnistor Pul&t· Cenerator 

To obt.in temperature oat a 1n cases where eondola recovery was 

unlikely, a ocana or modulatil1l the telerneterinr. transmitter by 

th r~istors was ueveloped. 

T~e ther:mstor oulse generator (F1 6ures I-13, l.L, 15) was aes1gned 

to key a tc1emetcrll\; tra11smi tU:r at a rcoet1 t1on rate ~eterm1nea by 

t.c re51stance r the t rm1st.Jr. The c1rcUlt is a bootstrap relaxation 

oscillator w1 th aopronmately lluear char,lcter1st1cs. 

In the si_mpl:fieo iagr~m, Figure I-l6, pentooe v1 serves as a 

c nstant current generator in the charging of caoacitor C, w ose chargl'lg 

time is ucterm1ned by the thermi.stor resistance K. re key.i,~ t,"'be, 

v
2
, ill n~rmally held noncoooucting due to bias from t-.attery B, 

The change in vol tap across capacitor C as a funct1 on of time is 

given by 
ljt A Ec • ~ 

0 
idt, 

and because of the "cootstrap" action, 

i t - Ek = cons • - -i , 

lk 

giving = ~-

I, a typical cycle of operation, C is allowed to charge until v2 

reaches a condi t1on of near zero bias. v2 tt,en conducts, energ1zing the 

rela,, 0rw :ct -:,f emit,ar.te discharges C arn the othtlr applies a gr~und 

to key the telemeter. When C is shorted V 2 1s again biased to cutoff 

and the relay opens. v
1 

now begins again to recharge Cana repeat the 

cycle. 
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Fig. I-lU. Theralator pulse generator.

hf-Jf. ' ■

Fig. I-l5. Therad-rtor pulse generator.

Confidential Information



.... 1-11 

. --
I 
' 

' 

ClllftdlDt.ial 

.,.
1

- 111rr. 

-
II .$/MPLJFIED .SCH£l'IIITIG o, 
TN£AMISroll Pt/LS£ 6CHLAArDli 
800TSTA"' lf£Ul,ATION OSCIJJJITOA 

Confidential Information 

.-,.:.: 



I 
/ 

Confidential 

The resistance r the thf!rmistt>r increases w1 t aecreas1ng teai:-er­

ature, so a uecreas1nr, ten:perat re ecrea:;es t re etitl · n rate of t.he 

rulse .t:nerator. Te ~rcrator c1rcu1t 1s es1!:ncu t •r,auce a ~oet1-

t.1 n rate ran'. r a. 3 t 20 ;,ulscs per miu e 1n the :·esutance 

ranr,e fr m l .. £f'O . to 11 hms r • LCt.l vtly. 

a , rfect linear functl r o re.,1starx:c, as :; w, in Plgure I-17, but 

t c vari ti ,. 1s • 1f r1 r m one u it t a .Jtht. • ano a stan:1ard correc-

t1 n can be a . lle . c .~ ensate f r ll».JlV &l 1fferences in units 

aoo v lta e c an ·cs J.rlng fl1r t, two c r1 i1crat1 resistors ., hich en-

close the t, 1cal operatu1;- extreoes of ther1T11stor re~1st.111ce are 

per1ooically switched into the circ · t. See Figure I-16 for t,t,e varia­

tion o~ nulDe rate rnth chan6es in supply voltages. 

For selection of reac1n s, a ra1lsfor~ l ~m motor WJS ruooifieci 

t rotate a 12- os1tiJn ,afer switc one pos1t1 n ClCh minute. Thie 

allow:; selection of 11 oss1ble furx: t 011.:), two for cali ration lrxi the 

re,oa1111~ nine for one or roore t crm1 ·tors or other elements. Three 

unit types hav teen evelop~d to uat~ - tre1r circuits aporoxir.iate 

the s1m~lifittd uiacram, F1gure I-16. he basic tiifferences are in the 

co«.ponent values and s1.-i tching sequences. 

Un , JJT~-220 (Fi u.re I-19) was ucs1r11ed to work with two thermistors, 

one mounted inside the gorrlola a!lCJ the other in t. e utsiue air. TWo 

6RH6 1 s were selected in this circuit for their lcw heater drain. The 

chargj ng pentode uses ~22½ v screen voltage and a fixed resistor to 

limit the charging current. The charge capacitor in tr1s unit is 

l mfd. The pulse duration is prolonged by use of a 20 mfd electrolytic 

capacitor on the plate side of the keying tube. 
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Co11f1 utmtul Pac• l-~ ·; 

Unit ))T?0-226 (Pl~rc I-2 ) 1s 1ae t cal •. 1t. , it 2;>-) e.<cent 

ror aoa1 tional coa:oonen~s t r.1 vc 1nrr·1nau ·c: t~c t. r ir.:· orm.-1t1 r. on 

s1 tions 5, , 1110 l. 

Unit ))TPG-2 6 (Fi ·lll"e I-21) 1s esi 1'ra t v ra \, t . a c .-

pan1on trans1Uttcr w 1c rday ., k pcrat re ir. rr.r t.1 n r t t~w 

ball n t l ~ ru la on n fh ts. enerat r, 

trans 11t r, nc. ,,er s bt:s ar nca:,t; 11 -nu s s-

pP.naec fro .n t.re to·" hallo n. t ';'1 ·ure -

7~e f1rst t- moaels o t .vc vcral 1sad-

vantages that ~av een r ~w.e rel es 1 
• o t f. tJ pe res0ntl y 

in use. The effective late ~ r. 1!j ance f t e 6 H6, • e1. usea as t e 

c~argin~ pc.n~e, vanes tJ a •reat ctgree fr n tube t~ tu .c, w~1ch 

necessitates a ood eal of tut. se ct1or. In unit 2) , lh1s charging 

tube as beeri replaced wi U a 6RJ , a remote cut ff pent~rle • 1ch 

ooerates more uniforruy un e t c3nd1t1 rs of low chargin current 

used in this generator. Alon ~ w1 th t e tube ct anee, t e a,'ii<V,ard 22 :, 

v bias rattery i5 rt placed w1 t a staooara 45 v Lattt:!ry, t e 1 na'd 

capacitor is reduced to o.L rnfd, t~e f1xeo resist r in trc cJt oae 

circuit of the charginf; tube 1s ellnunatea anu t e pulse uurat1on is 

increased to 1mprJve readability. In aamtion to the electronic changes, 

the relay is rnou1fiea ty aaurni; a pair of c .mtacts to energize the c m­

panion trausrm. tter keying ,·elay, ar.u a ~witch bas uet:n adueu to the 

t ermistor switching assembly to Key the t,ram,mitter for six seconus 

while switching cetween positions. '1'i1s latter switch clearly uefines 

the pulse groupings and facilitates uata read-out. 
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Fig, 1-22. Equioment for transmitting balloon and air temperatvires from toit 
balloon during step flights. The package contains a thermistor 
pulse generator, 10 me transmitter and batteries. The 10 me 
signal is relayed by the main telemetering system.
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One major di rr1culty with t~e f1rat 1110dels of the temperature 

pulse generator ~as t • err~t1c behavior of the unit a r1~ the first 

hours or flight. S1nce tt-e wu t conta\ned some ci.·cuit,s operating at 

very high resutance Wl t respect. t the chaa is, a leakage resistance 

uue to absorption of water vap r in hygrosc pie ele.ocr ts \,as s spected. 

U though er¥:asin t c uru ts in sea ea polyethjilene ba s w1 t a essica t 

effectea c nsiaerable 1mprovement, the osH1b1ll ty t at leaa<a1"e resi s­

tances on t c or er of 50 mcgohms co lu scr1 usly affect tre accuracy 

cictatea the redesign of the wut. The newer roouel p..use eenerator, 

flown aft.er rlicht. 137, is r~r less sensitive to ca,<a e aro is c nse­

quently a more accurate telerneter1n uevice. The ueta1ls of U,1a unit 

will be r ported on 1n the next reoort. 

C. Infrared l!easurements 

A description of the t eory of operat.ion f the 1n rared detector is 

given in Volume IX, ection V of this report. Two 1,1odels of the aevice have 

been used to date. Te first of the5e, 2-IRD 1-540, 1s sown in Figures 

I-23 and I-2L, wit the shutter open and closed. The detector block is made 

of two pieces of brass, heavily silver-platea, such that when assembled they 

form a tight eeal on a winuow of silver chloride, used as a filter and a 

pressure window. Two thermistors are mounted in two holes drilled length­

wise through the block; the surrJunding space is filled w1 th wax to assure 

good thermal contact. The tHrd thermistor is mounted behirxi the silver 

chloride window on two Stupakoff seals. See Fieure I-25. 

In this detector, the shutter 1s made of thin aluminum foil mounted 

on a wire frame. The frame is attached to a springy brass arm v-l1ir.h is 
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Fig. T-23 (top) and Fig. I-2U. Two views of the Model I
I.R. detector.
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forced to one side as the armature fa mooifiea Guara1an relay closes; 

this motement pushes t.he aluannu111 shutter away from the window, exoosing 

the thermistor beh1nd the s1lver chlor1ae •indow to the 1nc1aent rad1at1on. 

The block, shutter.mec~an1sm, ana electrical c nnect1ons are enclosed 

1n a r1g1a alwunwn ox, ainted w 1te to miniauze solar bs rpt1on, and 

this is suspended beneat t cg nd la ouring flight. •Por the electr cal 

coMect ns, see •ir.ure -26. 

lilodel 2-IRD 2-547 is a much roo:-e c mpact aetector ues1gr ed t operate 

from -1th1n the r. ndola or on the frame of the ti Lep flight eondola. The 

two se11s1ng thernustors are beaa types,• which ave essentially the same 

character1st1cs as t.he rod thermistors but 4l much smaller thermal lag. 

The tt ira theranstor is the type used f r the ther temperature measure-

ments and acts here as a block thermometer. Ass own in Figures I-27, 28, 

and 29, the shutter is made of O.uSO• aluminum, mounted on the movable plate 

of a Ledex rotary solenoiat;"- which rotates the shutter away from the ther­

mistor cavity. Good thermal contact with the block is maintained in e1 ther 

open or closed position by shaping the shutter so that most of its edge is 

always in contact with the block wall. During operation, the rotary solenoid 

is periodically switched on and off and soon reaches thermal equilibrium, 

the solenoid acting some~hat like a temperature stabilizer. 

The voltmeter circuit which measures the voltage output from the de­

tector bridge circuit 1s shown in Figure I-6. The voltmeter is itself a 

bridge wjth a self-balancing feature; a change in voltage between the two 

* Victory Engineering Co. , Type 51A2. 
MG. H. Leland, Inc., Type BD2-SR-45-28-I5. 
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Fig. 1-27 (top) and Fig. 1-28. Tv-o views of improved I.R.
detector. Model II.
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gride ot the 3A5 11 reflected in a change in plate currents 1n the two 

halvee or the tube, which causes a pr00ort1onal curr,mt to now in the 

0-SO microammeter. rt,e charact"r1St1c or thft voltmeter rircui t is ver, 

linear and its sensitivity of O.l v for full-scale deflection is more than 

sufficient. The reading or the microammeter is hotographed aloru; with 

the temoerature oata in the temperature recorder. 

On flights after flight 73, thc- two models of infra-red detector 

were flown W1 th the thermistor pulse gEnerator, model 33 TFG-228. The 

Pitching c1rcu1 t in this unit connected the detector bridge outout to 

the grid of the charging tube, thus limiting the rate at which the capacitor 

can charge. Figure I-30 shows the variation of repetition rate with bias 

change. Unfortunately, the bias voltage at which the knee in the character­

istic occurs denends on the supply voltage ana the 1miviaual tube. Further­

more, in flight, changes in the temperature of the infrarea aetector tlock 

cause a small zero voltage shift in the thermistor bridge output, which in 

turn shifts the zero level repetition rate. After trying various circuit 

codifications on flights subsequent to 73, without being atle to justify 

the accuracy or the data, atteq:,t was abamoned to have the pulse generator 

telemeter the infrared data and work was begun on a linear null-balance 

servomechanism. 

D. General Instrumentation 

Figure I-31 is a table showing the general breakdown of the equipment 

flown during the period of this report. By using the key, the comoosition 

of each gordola can be ascertained. Uli.t s are arr~ged in groups 
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generally aescriptive of their function ana will te 01scuased in that order. 

Safety Devices 

1. Blinker 0 eacon 

A mechar cal osc1l at r is eu as peratin t e blin er beacon 

Jn the early f i •hts ft is r ort ~as a c y f tile Dayco inca .aescent 

flasher tTEntlo~d in Vol ire V, P~ e V I-2 . The Dayton Acme Co any 

haa gone out of usiness ana theref re it was imo ssib e for us to obtain 

more of the units which hac been usea previously. ~ c y maae in the 

Physics De artment s· ~ was sea nt1 the Ar.ioerite 6F30 ·1a1her tube 

was brought to our attention t the Tufts Laboratories working urxier 

co .. tract with the WBY lJICl\ project. This flashe,· tube. was 1ncorporatea 

in a unit which ~as being aevel:>pea at the same time as a flight control 

~ox ana which as tee. callee the sequence control programmer. This 

will be aescribed more fully as a low alt1 tu e release, but a w1ri~ 

diagram is give in ~1gure 1-32 and a picture in Figure I-33, 

~rnal flashers were flown on some flights where !'or one reason 

or another it was not desirable to power the blinker beacon rom the 

main gorxiola batteries. These external flashers were a 6F30 tube arxi 

tattery enclosed in an insulated package and powering a 21 candle power 

automobile bulb in a lucite protective case. This bulb became standard 

at the same time the 6FJO tube was first used, whereas previous to that 

time three ueneral Electric No. 48 bulbs in parallel had been used. 

Flights 90 ana 92 had in addition an external flasher with four sealed 

beam automotile headlamp filaments connected in series-parallel which 

were used for tracking by theodolite imt1Ediately after launcb. This 
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Fig. 1-33A. Sequence Control programner, top view.
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Fig. I-33B. Sequency control progiammer, side view.
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tlaaher was seen by the naked eye at a oistance of about 40 miles on a 

cloudless night w1 th alight hue arx: was followed with the theoooll te 

to a distance or 84 miles. A wiring diagram of the externa f asher is 

given in Figure I-34, and of the automobile heaala~ flasher in Figure 

I-35. 

2. Lo• Altitude Releases 

The early flights in this series usea t e same low altituae release 

describeo in the first arx:i second oro'"°ess reports. However, because 

one step flight gonciola was seoaratea from its balloon during launch by 

a difficulty in settil'I this rnechaniso, and beca~se the setting was not 

reproducible, another low altituae release was developeo which consists 

or a louvered shelf on which the pen arm of a Bendix-Freize radiosol'Jie 

bellows assembly 1515-307-4 rest.a. As long as the pen arm moves up the 

ecale with a decrease of pressure the arm stays on the louvers. When 

the arm moves down the scale With an increase of pressure, it slides 

between the louvers and falls on a plate in which there are adjustable 

contact points which are connected tt,rough fuses to squibs. These 

squibs may be used to drop the ballast or perform other functions at 

predetermined pressures on descent, besides the safety blowdown. This 

mechanism ~ , be set quite easily to a fraction of a millibar and is 

reproducible to the same degree or accuracy. The w1riJ11: diagram is 

given in 'Figure I-32, the picture in Figure I-33, and the shop drawings 

in Figure I-)6. One precautionary note, however, is that this mechanism 

is position-sensitive as to shock aoo sh~uld be mounted with the plane 

of the louvered shelf in the axis of least physical shock. Under test, 

10 to 15 g of acceleration jolted the pen arm through tm louvers, 
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causing what could be, dur1ng the night, a premature blowdown. With 

this precaution in mounting, thu progruuner has functioned •1 tho·Jt 

mechanical failure. 

There have been two human failures aasocia ted w1 th this instrument, 

one when the link pin was unseated from the cup on the bellows as the 

pen arc was lifted onto the louvered shelf for cocking, arxi the other 

failure occurred when, after setting Ute blowdown altitude arxi while the 

unit was still plugged into a power source,the cO¥er of the box was 

allowed to short Ute pen arm to ground as it was bei~ put on the box. 

This burned out the fine nexible wire between the pen arm and 6V supply. 

A small lamp bulb was then installed in the programmer so as to 1rxi1cate, 

even though the box 1s closed, that the pen arm u on the shelf and that 

there is current to it. 

As can be seen from the wiring diagram in Figure I-32, there are 

other functions of this sequence control progranmer besides operating 

a flasher and blowdown. It makes up to three pressure-operated ballast 

drops, unloads the ballast before blowdown, furnishes blawdown warning 

and delay, and the most recent models contain a blowdown timer. 

J. Parachutes 

The standard chute used here has been the 24-ft surplus cargo chute 

in a pack which is released by a ripcord wt--en the load separates from 

rigged the salll! way as the larger chute, and t.he subminiature gondolas 

have been flown on radiosoriie paper chutes rigged open between the 

balloon am the gondola. The step nights 'ave been rigged differently, 

however, partly because of the necdssity of unloadi~ any liquid ballast 
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( Ulat m1ht reaa1n in the tank at ttM. tuae ot releaee. A 24-ft chute 

laid in an open cardboard box w1 th a drag chute to pull 1 t out of the 
box h11 been uaed r or these n1 gh ta. 

\ 

A• auat be the experience on other croJects, 1t has been r und here 
.,at the shock ot the parachute operun can be the cost ext~ite s~ock 

the equipment 11 subjected to during t e course of a f ic t. We ave 

had heavy rigg1~ ri~s retw-ned aeformed to p&r-'l lel-s1aed narrow 

links by the shock, and 3000-lb test cord sna ed y l - t loads. ··.c 

believe it p~ j to make the parachute rigging extremely heavy to avoid 
loads tree falling. 

4. Termination Tillers 

A number ot different t)'J)es r timers have boen used, as shown in 

line 4 or Figure I-)1. The camera tlowdown descr1bea in Volume V has 

been changed substantially and Will be described 1n the :.ection of this 

report on \!amaras. fl,e low volta£e blowdown descrited in Volume V, 

Page VII-211, was not changed during this report period. It was finally 
discontinued because replacements tor the sensitive r lays used for this 
pl.rpose coul.a not be fc,und. 

Minneapolis Honeywell 5411 illl timers have been flown several times 
during th 11 period With the precaution that tJiey be kept warm. 'fhey are 

always flown in parallel to eliminate the possibility of failure. An­

other tim~r made from an Ingersol pocket watch (~).SO) was flown on the 

subminiature fiight. A 2-56 screw was set in the plastic crystal and a 
sliver of spring bronze was Eoldered to the head of tlie screw inside 

the crystal. This sliver was so bent that it contacted the hour hand 
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once every l ' hours. The minute t-and was cut short. li\eae watches ran 

with no special preparations, even thoJgh urieo 1n dry 1ce overnig t, 

a test aonlied to all.such timers before fl1~ht. 

The project received on oroperty transfer from General 1!llls a 

number of Lux chart drive 81LJ clockwork motors and timers s ch as u,, se 

flown on N ONJ 875 (00) oroject. These Lux chart ar1ves ~ere altered 

slightly for our ourposes b) substituting different micr swit hes ana 

new mountings, and ave been used in sn·eral of our fll hts. 'nle most 

recent moael of the sequence c ntrol rograi'.liler c ntains one f these 

Lux tl.lners. 

'nte last type of termination timer used a ring this period was a 

Payden chronometric motor, 5700 series, ~hich was used as a ose dropper 

on the step fli~hts. The lag screw which was driven by the ayden ~otor 

continued on after t e lcsst hose had dr poed to close a ltti.croSWl tch 

causing tlowdown. ~ince the rotational seed of this model of motor is 

constant to vdthin 1/10 of 1%, the timer could be set very accurately by 

posi tiom~ the r.dcroswi tch along the track of the lag screw. Fig. I-37 

is a picture of this hose dropper, and the flight termination microswi tch 

can be seen at right in the front. 

Flight Control 

The sequence ballast droppers,both command and pressure-operated, 

listed in line 5, Figure 1-;l, were tile same as those described in 

Volume V, pages VII-214-218. Eoth of these units operated in the manner 

in which they were intended. The presJure-onerated sequen::e ballast 
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drooper was replaced,howner, by the sequence control programmar tallut 

dropper, since thiS new instrument had several advantages over the old 

one. The programmer, Flgures I-32, I-33, and I-36, was able to unload 

~llast Just before blOlldown and thereby pr tect the parachute from 

destruction due to overloading in case or talloon failure at wer alti­

t udu. In addition, the danger of t he prograamer not fir ng because the 

balloon did not reach arm1ng altitude was le sened, since arming altitude 

was continuous stepwise all au.ring the ascent. 

The step flight hose dro per, F1gu..""8S~-37, I-38, aoo I-39, is 

mentioned unaer the descr ption of the te~nation tiJDers. A lag screw 

which is driven by a Hayden chronometric motor moves to the right in the 

picture, Figure I-37, and when it moves past the slots in the base ola te 

the mtal tabs to which the hoses from the ballast cans are attached drop 

or r the end of the screw, through the slot in the base pl.ate, and fall free. 

'ftlis device is not adjustable, obviously, and the tuli~ for the hose arops 

muat be machined in when the slots are located by the shop. 

The pressure follow-up servo, Figures I-uO, I-U, aoo I-42, is 

basically a si~le pole druble throw switch, the armature of which is 

the pen arm of a radioson:ie bellows assembly and the two fixed contacts 

ot which are mounted on a block tra,reling on a motor-driven lag screw. 

When the pressure decreases, the pen arm touches one er the con tacts 

the mC'veamt of the pen arm. \tlen the pen arm stops iooving up, the motor 

stops. If the pen arm moves in the other direction becau..,e of irx:reasing 

pressnre, it touches the other contact and the valve rpleases magnetic 
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ballast from a ho per. This device ~as intcnaea to aceep a ballo n from 

losi~ altitude once it reachea alt1tuae, ana on the ne fli ht where it 

has been used it workea as in ended.* 

6. Rallast Containers 

Three types of containers f r tallast were used durinr the p n.od 

far d~opping both liqu1d aoo ma net1c shot ballast. Tree a1fferent 

types of ballast res nse were re uired. T l ast sacks escn bed 

on Page VII-218, Volume V, were us d for aiscrete ballast release. :ti'or 

small tallast drops on the order of four ouros or ess, a small ( )'' x l ") 

ballast sack was used which also had a pointed bottom, althoug it was 

fowxi that the explosive force of a 2-grain squib was enough to disinte­

grate the whole end of the sack. 

Experience has shown that the squib line must be securely fastened 

to the outside of the ballast sack, because in transporting the sacks or 

in the rush at en 1ng the actual laurx= 1ng the sacks are lifted by the 

most convenient handle,which often happens tote the squib line. lf the 

squib is pulled into the center of a mass of shot it is cushioned by the 

shot to such an extent that the sack is unaffected by the explosion aoo 

no ballast 1s droooed. Doubling over the neck of the ballast sack and 

the squib line leaa1ng out of it,an:i tying it by its supporting cord in 

this position, al.so helps prevent its being pulled loose. 

The second type of ball.a st container used during this period was the 

same magnetic ballast hopper mentioned in Volume V, Page VII-218. It was 

* Note in proof -- this device has been used on numerous flights since 
#100 with success. 
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modifiea slightly for easier manufacture ana a shop uraw11 1s giv 1n 

Figure 1-L). 

This type of container is esi..rat e ~ h r ba last is re asea 

at a rate constant and rnce ena nt f t C am unt rm 1m l e 

t.ainer, the wc1 ht r eas t1r.1e rat1 f 

cirop. The magnet c va v sec 1n C juncti r 1s a l .-

oroved ver~ion of the or vi ous ma .€ 1c va ve, n s ra,·, s 

given in F'igure I-LL. 

The third ballast container used auring tis report ri a was e 

liquic ballast tank used for the step flights. A rat, f ballas re l ease 

which would be aooroximately a constant fracti()n of the gros l:>ad rema.rn-

1~ was desired for the step flights, ana liquid bal ast was t ught to e 

the best ~aterial. However, after lengthy experimentati on it was found 

practically impossitle to attain true exp nent1a.l flow, arxi a clJse a roxi­

mation using a square root relationship was finally accept.ea. It should be 

mentioned that a variety of fl ow-governing devices was tried bef et is 

solution was accepted. It was thought that capillary fl w fr om a de­

creasing head of liquid in a tank would be a P.asy soluti on, ut investiga­

tion revealed that the capillary length necessary was on the order of an 

earth diameter. In this investigation, besides the caoi l lary tube, a 

bW'ldle of rods (the interstices acting as capillaries), a cylinaer of 

round shot , glass wool between screens, tig~tly woven orlon ana cntton 

over an opening, and various crifices in metal plates were tried. These 

devices gave essentially the same flow rate except for the glass wool ana 

orlon, which acted more like filters than the others am as they strained 

dirt out of th~ liquid the rate of flow became slower. Even this filtering 
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~ct1on was n n-reduci e n er f r unusable. The majority f test 

was one Wl t water :- reas ns f saf ty ana c nvemence, nc a l f 

trese evices were triea h ano nt ut aer s l l he Y,at r. ~ 

a rati n, f C ,..se, was d ne Wl t t e na us d, 

... i<e y- . 

f f e s f lt- t t C a r (F res -L ' 

I- v-·as _ar r cte 

site airs ea 

t e r e: rt. he cir.le rs 

f a e s 

am nt of \,. st 0 \ c.:r n ac ac of ressure r 

eac orifice i·,as det rtilln a y t e se rif1ce 

t e bot om f e tank 1 s aeot a ove t e oit 

ta r. . e r s o s reu c ea \1 t r e 

ac racy, f1 a siz of e r fice was ae r ned fr ea 

flight by ex en .en 4ti n. e a1mens1 ns oft e syst t ca 

flight are give the ta le in F1gur I-h7. A detailed a1sc ssion of 

the theory of the liquia bal~ast d1spe~sers 1s given in V wre IX, 

Section VI. 

The hoses used on this bal]a stug mechanism were several orders of 

magnitude larger in diameter than the or1fices at the end so ~s to pr v nt 

the frjctjon of the liquid in passing aown the hose from affecting the 

flow rate. The use of these hoses aictated that they be made of a material 

unaffected by organic solvents, one which was strong enough to wi thstarxi 

the shock of dropping suddenly, ana, most important, a ffi3.terial was needed 

which r2tained flexibility at low tempe'atures. Fire hose, flexible auto 
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BlWST DIIElEIO~ POR ,UOJff 79 

Weight ot Peight or Length or 1rea or Ti.M to 

~ 
1Cero11ne Kero11ne Hose or1t1ce ~&in 

Dropped 1n each ()1. "Di•) 

Can 

11-21.i I 172 lbl, J.7~ ft,. J.71 ft,. 0.216 in. 201 32" 

24-31! l 126 2,78 2,57 0,195 20' 39" 

'3h-!Ji l 112 2.44 1,44 o.206 20 1 40" 

bh-54 l 72 l,57 o.88 0.186 201 43" 

Fig, I•1'7. 
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heater duct, S-mi.l poly tubing, rubber hose, and neoprene hose were 

among the different types of tubing tested before tygon tubing ias 

finally accepted. Even this is not a perfects lution, because it was 

found that the tygon has a tendency to def rm pcnnanent y if bent 

sharply, and on several ccasions leaking fractures ave developed at 

sharp bends. Thi trouble has been eliminatea b inserting ose y 

wound wire springs insiae t~e ose at the point of reatest expected 

curvature. 

When it was observed that the fourth ose on two flig ts apparent]J 

did not drop properly, it was suspected that tygon haa t e property of 

gradually becoming stiff at low temperatures, even though laboratory 

testing and manufacturers' spe::ificatlons did not reveal this behavior. 

This conclusion ana its solution v,ere not reached until the ena of the 

report period, and s1rx:e it involves an entirely new ballasting and 

control system, it will be discussea at length in the naxt progress report. 

7. Gas Valves 

The balloon valve inriicated on line 7, Figure 1-31, was the same as 

that described in Volume V, Pages VII-222-224. The liquid superpressure 

valve which is shown 1n Figures I-48 and I-49 was a regulating valve used 

to create superpressure of a predetermined value in the balloon, yet 

allowing full valving of any pressure above that value. The valve con­

sisted of a li~ht gauge aluminum can with an open top; w:i th A smA ller 

dia"leter cylinder fastened inside, to which the bottom of the balloon 

was clamped directly. There was a space between the bottom edge of the 

cylinder ard. the bottom of the can for the valving of gas. A volume of 
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B. Top view, showing steel wool packed inside 
the valve. 
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-

liqwd (Skelly S) was poureo into the can to a level above the bottom 

edge of the cylinder proportional to the .;uperpressure oesireu. This 

level was determined for each balloon by cJCpericentation. The space 

between the can ana the top of the inner cyll er was packea loosely ,,i th 

coarse steel wool in order to catch any drops that m1gt-,t splatter as the 

gas bubbled throug t e 1qu1a. T ese ar os were then returnee to the 

resfrvoir, thus mGinta1ning the liquid level and the total w 1g t oft e 

valve. Because the balloon was attached directly t t e tylinaer, an 

inflation tube was needed, 1"'ich in the u;trative odel was built into 

the valve. This was plugged with a cork when tte talloon was released to 

prevent the entrance of air. 

The calibratin~ of these valves was made simpler by the use of a 

Prailsford Differential Pressure Telemeter, Brailsfoni & Co., Inc., 

Milton Point, Rye, New York. This instrument, ori ginally aeveloped for 

the Signal Corps, is a lightweight D.C. :::.ervo, intenaea for flight on 

Piebald balloons, which transforms a positive differential in pressure 

between atmospheric and one side of a diaphragm into a shaft rotation. 

A calibrated dial mounted on the output shaft allows the pressure to be 

read directly up to 10 mb, the total range of the instrument. The scale 

was periodically checked against the reference manometer used for the 

calibration of the project pressure equipment and was fourxi to be very 

accurate even after several months or relatively rough u::.c&~t:. 
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( ) 

8 and 9. Receivers am Transm'itters 

These are discussed jn this report, Section II, Volume 1. 

10. Antenna Dropper 

The antenna dropper shown in Figures I-50 and I-51 is changed in 

several details from the aropper mentioned in the last rogress r p rt. 

The latch arm now has a roller as a latching surface in order to prevent 

possible sticking due to sliding friction between the alununum latch and 

the spring steel striker plate. The illustration shows a droooer :nade 

for use with the smaller JL15 KC antennas. All antenna droppers which 

were flown in the interior of the gond~las have ~en enclosed in a¼" 

plywood box in order to insulate the gondola equipment from contact with 

the outside air. When the dr-oppers were flown external to the g ooole, 

they were fastened Wlprotected on the flasher light arm. This proved to 

be irwdvisatle, for on one flight when there was a strong grouoo win:! 

requiring a short rWl with the gondola, the knee of one of the ground 

crew struck the dropper, releasing the antenna on the groulli. In this 

case no permanent damage was done, since the ~andom winding of the 

antenna ball allowed it to Wlwind rapidly without tangling. On another 

occasion, when a large appendix was used on the balloon, it was ooen to 

wind around this Wlprotected antenna dropper i~ediately after release. 

Since no radio signal was received from that fiight, it was deduced that 

the antenna dropper was prevented from operating by the appendix. 

11. Encoders 

The encoders mentioned in Line ll, Figure I-31, served two different 

purposes. The Command Signal Coder, mentioned in Volume V, Pages VII,.2.;8 
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to VII-2uO, generated a coded si~nal which keyed he transmit~cr arxi 

indicated operation of several aif ferent c mm n<l ins rume ts in t e 

~ n<l a. This instrument was urx:hanged from the acscr pti n g1 ven in 

the last progress reoort. 

e other type f enc der used during tins r rt erio<l ·,a a 

t1olex1ng commutator w 1c reoet1tively eyed t trars tter with 

t e nformat1on fr m several aifferent sensing ev1c s Jn the ~tep fl1bht 

gondola. A ~ulsc, 1fferent1at~a in ti~ aurat1 n fr m tto informa ,ion 

pulses, was includea every cycle on which the decoaing equipment was 

synchronized so that the signal c~uld be read out the s:ime way 1t was 

fed into the enr.oder. This type of multiplexing 1 s particularly easy 

t~ adapt to oulse code modulation sue as this project uses. A commuta­

tor reDetitive rate was chosen which was short with respect to the 

shortest expected 1nformat1 n pulse length (15-20 RPS compared to 1 sec), 

so that information 1 ss and inaccuracy would be minimized, 

The first commutator used was basea on a mechanism built by the 

Applied Science Corp. of Princeton, N. J., Model #2-)0S-5L1, consisting 

of a motor-driven arm riding on a number of closely spaced contac~s. 

The whole assembly was packed in grease for lubricntion. A vacuum tube 

pulse-shaping circuit was used to convert the oulses into square waves 

of the proper voltage to key the transmitter. A picture ana schematic 

of t~is instrument are shown in Figures I-52 aoo I-SJ. Several serious 

faults were found with this anparatus which resulted in a change in 

design. The motor of the commutator constantly varied its speed, making 

synchronization of tl1e ground equipment extremely difficult. In addition, 

the constant wear of the contact points and wiper arm susoe~ed metal 
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particles in the grease around the contact points and he keying of 

each channel t:ecame very ragged after the comm tater haa been used a 

short t:une. As use continued, the metal particles fr m each contact 

spread to the next, so that kej'lng ore channel resul te in the keying 

of the adjacent chamels. Cleam~, rinsing,and cha~i~ the grease 

solved this problem temporarily. Actually this commutator v.as es1gned 

for USE. in rockets, where short-time operat1 n is required. For ong­

duration balloun flights the commutat r problem is more severe. 

Because of these difficulties with the r1rx:eton commutator, the 

instrwnentat1 n section aeveloped another type. It consisted of a motor­

driven cam which closed pairs of contacts locatec around th~ axis of the 

cam. A motor with a more constant speed was used, ana since there was 

only a very slight -rubbing movement intended as a cleaning action between 

contacts, there was little corxiucting dirt associated with the contacts, 

nor was there the preserving grease medium. This com111Jtator was used 

with two different types of pulse shaping Nttworks, ore usi~ subminiature 

vacuum tubes aoo the other tlillisec relays. A schematic of the former is 

given in Figure I-54, and a picture and schematic diagram of the latter 

are given in Figures I-55 arxi I-56. There appeared after use to b! 

little basic difference in the performance of thP.se two pulse-shaping 

networks. 

The contact type of commutator (Shop Drawings are given in Figure I-57) 

also had some serious faults which should be mentioned. At the speed at, 

which the contacts were driven it Vias fowid that there was a good deal of 

contact bounce which resulted in uneven pulse shape. This was helped but 

not eliminated by giving the rear contact a very stiff mounting, bendi~ 

the ends of the contact mounting leaves at an angle, and locating small 
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stop pins behina the driven contact to llmi t its boWlCe. Loading the 

contacts improvea the pulse shape but that aecreased the motor speed ana 

resultftd in uneven drive, since the load on the motor was unevenly spaced. 

Therefore, though this type f commutator was an improvement over tM 

first type usea, it was not the perfect sol t1on. 

A third type of comnl.ltat r, developed but not flown during this 

report peri od , has oroved to be the most faultless tested here. A picture 

is given in Figure I-58, shop drawings in Figure I-59, and a wiri~ diagram 

in Figure I-6o. It consists of a permanent magnet set in the rim of a 

flywheel rotating within a magnetic shield, which induces pulses in several 

pickup coils wouna ar und U-shaped poles locatea around the edge of the 

flywheel. The voltage pulse genera tea in the pie kup coil~ is shaped and 

rectified and is used to key the transmitter directly when circuit is 

completed through the information-generating equipment. The syrx: pulse 

is transformer amplitied to cUf'ferentiate it from the informat.i on pulses, 

and in addition is separated in tiJE spacing from the adjacent channel 

pulses. The magnetic shorting ring, the function of which is to short 

out the magnetic field between poles, serves to eliminate a considerable 

amount of interaction between adjacent circuits, and also shortens the 

rise and decay time of each pulse, thu: increasing the pulse amplitude. 

In addition, it eliminates the difficulty in starting the JWtor caused 

by the permanent magnet locking between the legs of one pole: a~ evens 

the running load on the motor, resulting in longer f!lOtor bearing life and 

smoother operation. The flywheel also has a smuothing effect on the drive 

speed. 'nle case is so constructed that it seals the commutator from the 

entraooe of dirt. 
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Many hours of laboratory testing and several flights have revealed 

only one tallure 1n this instrument, when a dioue opened and caused the 

loss of the 3ync pulse durin~ a flight. The speed was constant enough, 

however, to allow read-out by ree-running the aecoding equipment, ais­

playing the s1cnal on a scope, ph tograph1ng the scope, and reading the 

film. 'nlis technique allowed t e reader t o watch any speed ct,anges and 

keep track of the charmels through the noise. 

Sensing Devices 

12 . Olla rxi Cycles . 

The Olland Cycle for pressure measurement was discussed at length 

in Volume V, Pages VII-259-281, but since then some changes have been 

made which tear mentioning. A picture is given in Figure I-61, shop 

drawing in Figure I-62, and schematic in Figure I-6J. On several occasions, 

because of a shifting of the reference arm in relation to the mounting of 

the bellows assembly, calibration was lost. To remedy this, the reference 

arm was eliminated aoo the rotor altered so that the calibration was a 

func~ion of the machined pattern of the rotor and not of thP. assembly of 

the instrument. Two lines parallel to the axis were milled the length 

of the rotor, from which phase angle to any position on either helix could 

be read. Two reference lines are necessary because with only one pen arm 

points at wh ~ch the phase angle relationship is zero degrees and the refer­

ence and helix are superimposed, become areas of uncertainty. A secondary 

reference, with such a phase angle displacement from the main reference 

that under no circumstance can both references be concealed by the helix, 
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reducee the equi vocali ty ot the crossover area to a 1111nia.ull. Figure l-6u 

ia a atrip chart record or a crossover or a double reference Ollanci Cycle, 

illuatrat111; the readable and unreaoatle portions of the signal. 

The lland Cycle with this change becomes a much more rug~a instru­

ment, and once a call bratlon ~as been made only a lateral shift or the 

rotor along 1 ts ax1s in relationship to the bellows assembly mounting 

nll cha~e 1 t. Even then, by aetermining a few points, a new scale can 

be fitted to the old curve with no loss in accuracy. 

Because or troubles mentioned in the Texas report, Volume VIII, Page 

II-5, when small corrosive deposits on the rotor caused the loss or 1ntorma­

tion, the c1rcu1 t waa altered to UBe a higher voltage and a high impedance 

rel,,, ana the rotor was given a very light silver platirg. The relay 

uaed, a M"del ~l RO 12,0005, Sigma Relay Company, is delivered from the-· 

factory with a pull-in current value or about 1.5 ulliamps aoo release 

at about 0,15 ma. ThiS was alt.ered by bending the armature spri~ to give 

a pull-in value of 1.1 mlliamps and release of o.6 ma. In addition, a 

small tab of phoSJ:hor bronze shim was spot-solaered to the wioerside of 

the armature to prevent it from sticking to the core of the relay due to 

residual magnetism. 

As can be seen from the wiring diagram, the re lay 1 s normally held 

in, and rhen the pen arm runs over an insulated portion of the rote r the 

the insulation on the rotor then is applied to the recording neon wlbs 

in the cameras, for direct gon<iola recording or pressure data. It has 

been tound that no mre than two neon tubes can be operated in this fashion, 
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or they Will short out tt,e Ollaoo Cycle rotor anu key tt-e higJ1 impedance 

relay on cont1nu us_y. 

Preliminary worY was aonc on a high a t1tuue llano Cyrle ~h1ch bell 

jar tc'sts indicat~ is capable of measuring balloon altituce ~1th an 

accuracy of 45 ft at 102,000 ft, as pared v th ar acc\!racy f 210 !'t 

at the same al ti tuae f r the staooard lland Cyc e. The llm1 t of accurate 

pressure eterr.dnation w1 th the llano Cycle telemetering is the bellows 

element much core than the telemeteriJl;, reading, or calitrat1~. he 

new high al .. 1 tude Ollana Cycle uses two bellows, one which gives maximum 

response below 6o mb ana another giving manmwn response above 6o mb. 

Further analysis of this instrument after use will be incluoea 1n the 

next progress report. 

13. Teneiometers 

The tensiometers listed on Line 1), Figure I-31, were of two types. 

The first was used until Flight 90 and was the same instrument as that 

described in Volume V, Pages VII-238, 241-24). It was essentially a 

single-turn Ollarxi Cycle, and because the tension meaourements desired 

were of a smaller order than could be easily resolved, a different instru­

ment was designed which used a standard 11-turn Olland Cycle rotor and 

an 8-to-l pen arm ratio. The result was a much more precise record which 

was readable to about one lb at JOO lbs, or within the accuracy of the 

calibrating scale, and because ball bearing pivots were used throughout, 

the reproduceability of the record was greatly improved at the same time. 

However, on Flight 91 when this new instrument was'first flight­

tested, a portion of the record was lost anci the decision was made to 
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!ly all important sensi~ aeviccs 1n duplicate on step fllghts. Therefore, 

a doub e l ana cle t.l)e of tens1ometer as been usea s 1nce that ti.me. 

A 01cture is given in F'l.gure I-65 of this in.5trument, shop arawings in 

Flgure I-66, ana a wiring iagram in t"1gure I-67. 

14, 15, 16. Thermistor Interpreters, Then:ustor Ur~ppers, ana Infrared 

Detectors. 

These are discussed in section I, B and C, of th1s volume. 

Recording Cameras 

17, 18. Up al'¥i Down cameras 

The cameras which this project uses have become such important pieces 

of equipment, and can be adaptea t sue a variety f purposes, that a 

detailed description has been thought aesirable. n,e basic ca:nera was 

first designed in 1948 as a data recorc!ing caul)ra for use in balloon­

borne cosmic ray equipment fl0wn by the University of Minnesota Physics 

Department. In this application it was useo with a short fJcal length 

lens without a snutter, exposure within the totally enclosea gonciola being 

by strobe flash. Film drive was continuous. 

Early in the Balloon Project, when a need developed for an automatic 

camera, this basic unit was adapted to the purpose by the Physics Depart­

ment shop. The major change necessary was fi ttill?; a shutter drive mechan­

ism to the rnm drive, and si nce .. lor,gsr fvcal lc~gth le!!!: was to hA used! 

a lens tube mounting which also could be used for focusing was devised. 

Mounting brackets for both up and down positions were also necessary. 

This is the basic camera described in Volume I, Pages 5-3 and 5-4. Natur­

ally, a considerable a11Dunt or improvement and modification has taken 
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place, 10• of which us aescribed in Volume V, Pages VII-22u, 2Jl-2)u. 

The shop draWings for the current camera are given in F'lgure I-68, 

with pictures 1n Fi gw-e I-69, ano a wiring aiagram in Figure I-70, The 

basic camera 'body is a magnenum casting maae to Physics Depart!Dl'nt 

shop snec11'ica .. ions by the . C. P1 tchcock tt Sona, Inc., MiMeapolis, 

Minnesota. .UJ mach1n1~ 1s aone in the Physics Departmerat shop. The 

lens and shutter assembly are bought from two different c cxnpanies, that 

for the down camera from the 13olsey Corp. or .\merica, New York, r. Y. , arli 

the lens for the up camera from the Ilex Optical Company, Rochester, ~.Y. 

The motors most commonly used have been Drailsforcis of 1, f, or 1/5 rpm 

from the Pra1lsford Company, Milton Poi~t, Rye,New York, but on soecial 

occasions Chrono:netric Haydons ;·,ere used (The A, ,,. H~ydon Co~ny, 

laterbury, Conn.), when need was felt for a more accurately timed film 

drive. 

The most recent moaifications that have not been mentioned in the 

last progress report are a new felt gasketed light-tight back to eliminate 

the need for taoing the back of every camera against liBht seepage, and a 

new light-sealed lens tube. The previous lens tube allowed a light leak 

between the tube and 1 ts barrel when the set screw to hola the tube was 

tightened. This seal was accomplished by fitting a felt ring in a slot 

milled in the inside wall of the barrel. ~ filter retaining ring wtiich 

fitted inside the lens tube to hold the filters was also adaed. A new 

telemetering recording tube has been included which requires les~ alter­

ation of the camera casting. It is a tube which takes the place of an 

idler roller over which the film passes as 1t leaves the film storage spool 
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and allows the inclusion of h'o telemetering recorder bllbs, one on el ther 

s1ae of the ?ict re area. These bulbs record dots and dashes from, e.g. 

lland Cycles ,r her sens:n dev:ces. The back pressure plate was ex­

tended over the t b t n ure the t'lh maintaini~ contact with the t be. 

l\n:>ther variation of t l!l t oe c nta1r.s a f 1ght termination c nt.act 

ir. ne er a the u e anc a lemeterin recoraer in t,e other. 'nlis 

contact is a~ insulated po 1 ed contact whicl ~uring fli~ t ana while 

the camera st1ll contains film riacs on the edge of the picture area f 

the film. ,iren the erxi of t he fllm passes, the c ntact 6 rourxis itself 

on the tack oressure ?late, thereby signali~ flii;ht terau.nati n to the 

Sequence Control ?ro~ranr.icr. This tyne of tioer has actually terminated 

only a few fli .hts even thjugh it has teen flown almost as standard equip­

ment in this period, because in most cases flight t~rminati n was effected 

previous to camera 'clov.-dov,n by some other technique. 13ecause f the diffi­

culty of measuring fil . ength in the aark for accurate timing, the camera 

blovldown has been usea mainly as backuo, rather than principal tirner. To 

prevent the possibility of the film end not releasing from beneath the 

clip on the storage spool and the camera avoiding blowaown, a U-shaped 

notch is cut in the edge of the film approximately 611 from the ena, so 

that a positive llo\,down signal occurs at this time. 

The mounting plate on which the up camera is fixed tilts the axis r::£ 

the len~ 15° to the vetLlc~l iu ordar that the c~ere lens (whjch has a 

cone of acceptance of a little over 30°) will ~hotograph from the center 

of the bottom of the balloon to the outside edge. This applies to a 60° 

cone-angle balloon with the camera atout 6 ft below the core apex. 
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,ctually, as can be seen from some of the up camera pictures of the 

talloon at or near altitude, a slightly sh~rter focal lcn~ ana wider 

cone of acceptance 1s aes1rable since tle ,uter edge of the ball~on is 

Just out of tne f1ela of view. Therefore, th1 s angle has tee al terea 

on occasion t.J tetter ph tograoh either the auct appenc.ax r the skirt 

appendix, aepending n which •. as fl ttea to he particular bal on. 

The down cuera was made ,·,1th a flexible mount t all \·1 adjubtment 

so that the lens axis was absolutely vertical. Determinati:m of balloon 

altitude and trajectory by film measurement is dependent .:>n the camera 

being perpeooicular to the ground, but tr is peroendiculari ty has been 

di!ficult to maintain after launch because of the packaged ballast drops 

which put the gondola off balance every time a package is aropped. 1n 

examole of this behavior is seen in the film trajectory of Flight 69, 

Volwne n, this report, where after the gondola attained al titooe and 

started rotating, the slight angle of the camera mounti~ resulted 1n an 

apparently staggered trajectory. At 2014 a package of ballast was dropped 

and the gondola balanced, with the result that the trajectory became 

smooth. 

When the shift was maele:, to the smaller gordolas, there was not enough 

space !or the adjustable ;oount inside the gondola so the cameras were 

fastened rigidly to the goooola frame ana the whole package was leveled 

as much as possible by the location or the moveable weights hung on the 

outside,such as the chute, ballast packages, cosmic ray equipment, etc. 

This genera11~· !'equires that the gondola be hung up prior to launch and 

these weights distributed and fastened in the proper place. The use or 
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a 20-tt olwab Une hanging trona the camera to aeterm1 ne vertical hu 

eliainated this problem, where t11ere is no aanger of f ~ing w1 th the 

tranami tting antenna. 

Figure I-71 shows the elective components usua ly used in the typical 

cueraa. The choice of &.>tor type, Column 2, a oerxis n +..he neeo for 

accurate tlJlling of the pictures or th telemetered rec ra. Constant 

speed is highly desiratle in recording time-pulse inform tion, since any 

variation in the recorder speed between referen:e pulses of the lland 

Cycle changes the phase angle relationship of Ue inf rruti n hellxes. 

An extreme example of this can te seen in the time-al t1 tuae curve fJr 

Flight 67, Volume II this report, which had the additional complication 

or a very poorly defined light spot. The opposite effect -.vas noticed in 

reading the ca•r• information for Flight 92, where an error in film 

speed or less than 12 secooos was fouoo during the 6½ hours for which a 

telemetered check was available. This camera was driven by a Chronometric 

. Haydon mot or. 

'nle choice or drive speed, Column 3, is dictated for U,e up camera 

by the film capacity of the cameras and the fact that the essential cha~es 

in the balloon of which a photographic record is desired take place in 

general during the ascent and shortly thereafter. At l RPM the maximura 

film capacity is 10 hours. This is generally enough for the first day 

of flight. In ~dditior., the ep2.~i~.g 0f t~ information pips recorded on 

the film at 1 RPM is much more accurately read than at the slower drive 

speeds. The down camera on the other hana is generally required to record 

flight trajectory as long as the flibht is airborne, and for any flight 
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longer than 10 hours a 1/5 RPM motor is us a. 1s as the a va ~ e f 

rum sh1ng a telemetered rec ra, 
• r 

out the entire f i, t, a f 

and speed r tre ,a ' .. v r 
t r-

vals an ne V rJ 

A very rec . C /' ., r r · s. 

This S a C :nor 

ex e t t e J'o' n C ra 
20 h ir r. , 

stancard in e f ure. 

The lens c ~ice .a in s die atea t e e 

f:,c f t n I ex ens. The se 

LL 11¥11 makes 1 t a ore esira le l ns ~or SU jec s at a ,r at 1s nee 

from the camera, w ereas t s rt •r I X 35 

makes i t e e r 1 ns f J r C •r · j a t il e s:::. 

apparent and a v:i r ar a s 0 ea. 

The filters li tee 1 
s n, e C e of (J J W 

camera, to cut aze Wl ut t a fll r actor, and t e case 

of the up camera to pve sharp contrast betw en t h ralloon • nct the sky. 

An Aero-I filter serves as well as the G listed. • e eX"'J osures listed 

were arrived at by exoerimentatian, s1rce no previous irJ''.)rmation was 

available. :uite a v:iriety f film types rave been tried on this project, 

:i!'!C l'lct:i.ng ·,-1 ~t.m;in Commercial Kadachrorne, Li nograph Orth o, Plus I.., Super XX, 

Infra Red, and DuPont Superior 1, No marked advantage was noted with any 

of these except, of course, the color actvar.tage of Kodachrome, which was 

not advisable for routine use because of its narrov, exposure latitude. 
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f ter l • s t s " f r n camera r 

;ne r s X 

x-

y 

a era, v, reas r-

able t rmin t: n t1 er. .e te r :> o 1 a 

era • .. as se arate 

be 

fro 

e_"or c 

own earner Sl t1 ns V, ve 

C ta car.icra as ea, s 

1, 1 severa th r a cat ons. Pa es VI -233 ana 23 f V 

, •ntio e , riz on an r wn cameras, The er wn camera (Picture, Fi re 

I-72) Has used during this report perioo not only to photo raph t rmi st rs 

an ing inside a alloon at ce1lin ut a so,when hung uts1ae a tow 

balloon, to photograoh t e platfc,rr:1 ball on below in order to measure the 

horizontal displacement of one w1 th respect to the other. This vas done 

on two step fli~hts to deterrrri.ne if horizontal displacement was affecting 

the tens1ometer readinf, 

In addition, a special rreteorolog1cal tracking camera was developed 

during this perioo (picture 1n Figure I-73) which is intended to furnish 
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«

Fig. I-73- Meteorological Camera.
A. Eottott view, showing styrofoam case in background.

‘V~ *

B. Top view, styrofoam case in background. 
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altitude and trajectory information n air mass ~vement, at ~aerate 

altitudes. This camera haf not been no.-n auri~ this r p rt period aoo 

a descr1pt1 n of its u~e will be aeferred. 

Another a l cati o the basic arnera has een a a ata-rec rd1ng 

instrument 1n the photo rec ora1ng amme er, Pae VII-2 , 2 - 25 , of 

\olwne V. In this situati n an !lex lens was used wi a st~ 

extension resulting in a lens-to-subject aistan:e of about l inches. 

A similar application is in the herrm Rtor Pi1oto Recoraer which 1s 

described in this volume in the Temoerature Measurements section. 

ThiS saiE camera body fitted wit a s ort focal length lens without 

a shutter or diaphragm assembly and dtiven by a 110 V.A.C. synchr nous 

motor is also used as the continuous track oscilloscope camera mentioned 

in this report, Volume X, Section II, in the description of the Multiplex 

Decoding eq11ipment. This application is similar in principle to the Photo 

Recordi~ Ammeter in that the display of information (in this case an 

oscilloscope) is displayed on one axis,and the film running continuously 

at right angles photographs a time plot of the information. The lens used 

is an Eastman HE 2)410, 26 mm Anastigmat Copying Lens. 

In preparing these cameras for use a few precautions arii adjustments 

have been !oWld to ~ of great importance to the success of the camera 

rWl. Several times small metallic chips left over from the shop have 

been the cause of camera stoppage aud a thoro~gh ~lea~.ing i~ ' rdicated 

for every camera upon receipt. from the shop, followed by a thorough de­

burring of all moving parts and tightening of all screws, etc. All moving 

parts are operated by hand to check tolerance and freedom. 0~ point of 

particular trouble is the bushings,through which the drive sprocket and 
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the f1Ln take-uo s ool s aft ra e. Th se on several occasion, have 

been f unc to fre ze because of a few t u~ ~htness 1n either 

raaial dimension r us 1 th1cKness. These beari~s are t en lubri­

cated wit molyoo um isulf1te, either in a ary owaeror in an aqueous 

solution. 'nlu lu ricant has been f uro to be superior t any llq,ud 

organic lu ricant •e ~ere ab e f1na for vin parts of aluminum, 

after trying between 2 and 15 different substances. Great care was 

ta e, owever, not to allow any lubricant to get on the take-up ?ulleys 

because a small amount Wl 11 lutrica ti? the t t s that it will not dn ve 

the take-u tip)Jl. 

'The take-up tel t ( F'igure I-7L) sh uld be aaJusted so that it exerts 

a pull of betwe~n three arx.1 four ounces on a f 1m attached to the take-up 

spool with the rotor driving it. If this tension is too tight, the film 

will slip over the sprockets of the film drive shaft and the pictures will 

have uneven blank spaces between them. If the tension is too loose, the 

film will not be pulled off of the film drive sprockets but will follow 

the sprockets around and jam up under the drive shaft. If the pictures 

on the film are overlappeci, the film storage spool does not revolve freely 

or the back plate seating is inaccurate. On one occasion J•hen a film re­

fused to pass through a camera it was foWld that the two s ,.11 shoulders 

on either side of the film channel on which the back pressure plate was 

intended to rest were unevenly milled and the plate was pressing di l"'P.C!t.ly 

against the film. This pressure plate is intended only to keep the film 

flat between these shoulders and should not press against the film. 

The action of the shutter drive should be checked carefully to be 

sure the limits of travel of the shutter release lever are not being 
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ezceeded. Thia adjuataent 11 a •tter or rotation ot the lhutter 

•chani• in the lena draw tube, which ii indead to the c-ra bodJ 

by the oluping ecrew lltyway. Note should be made or the tact th1t the 

shutter drne ar11 used 1r1 th the Ilex and Bolscy lenses are not inter­

changeable, and one Ifill overdrive a misaatched shutter assembly wh1 le 

the other will unaerdrne a mismatch. This whole machani--the drive 

sprocket, fl.la take-up .pool, &Bl shutter drive arm-should rotate freely 

when disconnected from the motor, and this is generally the test way or 

testing the cuera actioo. 

To tocua the ca•ra a fine ground glass plate which is sll&htly 

narroll8r than the tila width is taped across the •* or the ca•ra after 

the back ii removed, and the shutter is eet on "ti• . • Ii th the motor 

disconnected or the shutter drive arm aisconnected, the shutter is opened. 

This 1hJuld never be dooe by the 1m>tor because the •u.e• stop is a 

racket releue mechanism, and the shutter will be damaged if it is driven 

through a cycle by the aotcr. 'ftle lens tube cla"'i.ng screw 11 loosened 

and the lena tube worked in and out until focus on an object at hO rt or 

more ii obtained. 1 wirdCJlf in a semi-dark room is convenim t. A jeweler• s 

loupe 11 an aid in exaraining the ground glass, but is not. necessary. The 

cl~ing screw is then tightened, and the focus rechecked. The action or 

the shutter drive should be reexamined carefully after reasaembly to be 

before flight on film at1 will be explained later. The filter is then cut 

to fit inside the lens tube, and the filter retaining ring inserted to 

hold it in place. 
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The tele•teri~ recorders have rece1 wd a great. deal or attention 

aa their illport.ance aa a !light perfo~e reconh~ dence haa beco• 

aore apparent. On a nuaber or !lights when radio attenuation or noise 

preftnted the reception of the entirety or the night, or in cases or 

teleaetering tailure, the cueraa haft rurnishea the aussi~ intoraation. 

The accuracy or this type or record is inferior t.o the telemetered record, 

and th11 inferiority results from tour !actors. Ev~aa of mtor speed 

ha1 already been •ntioned, but this is only a part of the problem or 

accura;e tila drin. It haa been observed recently that the film does 

not .," 11100thq through the caaera but in a aeries or very tine jerks 

an the order or a hundredth of an 1nch in ucmtude. Thu beco•s a 

bu1c fault in the 17stu when the fila 11 •&nified 20-to-l tor readi.JW, 

and 11 one that cannot be 101Yed •1th out a complicated hla drive mech­

ani• that aooth1 the tila tranaport before and after it is •rked. 

ffle eecond J)L't of the problea is to insure the ignition or the neon 

tube at the inltant the current 11 applied to it. A neon tube ordinarily 

ia operated in a lighted place so that 1 ts need tor gaseous ionization is 

not generall7 knalm. The Tufte laboratory or the ll>BY DICZ project uses 

a •keep alive• current through its neon markers, but this did mt prove 

pract,icable in our cueras. A Yery careful program of hand picki~ these 

General Electric Nl-2 bulbs eliminated first those whose envelopes would 

not tit the tube in the camera body, then those in which the glowing spot 

on the elttetrodes moved, arn lastly those which 11 t only after an obvious 

dday in a darkroom. Then a spot or radioactive watch paint was applied 

to the envelope or each tube (Sun Ray Radioactive Finishing Kit 1'6, c. 11. 

Thomaen Co., llinneapolis, Minnesota) and tll! tubes again checked in a dark 
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r JQ. t'ina: accrptur.cc a· ·u.r 
" t!St t :,~ r :'"t nt;J : ""roximatt:lv 5 :.J 

20 out or l s,but ihtr "It ~~,. n EVl t:l.~l .: ' . . . : .r aytc 

. ul~ ·s ',ll tJ l s .1 0 r C 
... . -

Tht t'-'ird '1l, urtil S J ,.. 
I s rr r t i!; rt:c vr • n sy~tem ar 

... J r. t .c f .. . A ,U[ S"" ::>t Jr a s. ot 

with a f zzy cage is ai rr1c t 

~ltitude record of ?ll.ght 67). 'n'ie size t sn t 1 s r inc i al j a 

function of the size of the hole t.~ro~h whic the liE;ht passes t the 

film, and t~e definition of the spot is a functi n of the lig t in"ensity 

and the characteristics of the film. The film choice is essentially 

dictated by other considerations (naDEly, the grey-sc le reproduct1 n of 

a photographic image), a~ therefore the aef1ru tion reinf rcecent of a 

contrast film and developer cannot te used. 'nle ant1halat1on backi~ of 

all modem tilma are approxiately equal, so that the light intensity is 

the only variable which can be manipulated in this case. 'nle resistors 

in series with the neon tubes adjust the intensity of the light to give 

a spot with a mini.mum of halation and a relatively sharp profile with 

the size of the pinhole that we use. These resistors have to t e changed 

with different size pinholes. The pinholes made here have not been 

measured recently but are currently approx~tely five ten-thousandths 

(S/10,000) of an inch in diameter. This is just too small to see on a 

polished brass surfac@ wjth the naked eye, anri about as smalJ ~sis ad­

visable for this use because the grain size of the f1lm will not record 

much smaller. These anpertures are made by drilling a small hole from 

the far side of the tube almost through the tube wall, perforat mg the 
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weakened wal • th a s~c ~a ste neeale, aoo then cl01ing the hole by 

turn:i sh 1ng over 1 t, • 1 e a S';)ec:. • -s ape a t l s uoports the weakened 

tube •• rr m 

r r action, f 

wired' a r t ~ fl 

. r !' . t 

t 

r it as b en cleanea, checkea 

er bu.lb inst.al.lea and 

acea 1 t e camera (all oaa1ng being aone 1n 

total arkncss) and the camera s ooeratea fr ma test-pack of dry ce s 

wt:1ch 1\.1€ into the camera termnal. Severa pictures cJntarn1~ measurea 

a1stances are taken froet a sta~ard o Sl t1 n outd ors on the ca.-npus, ana 

the telemetering recorder 1s manual.LY keyed to simulate both short and 

long Olland Cycle pulses, nlus a spec al coae of ihort arxi ong pulses. 

This hla is oneloped as would be a fll ht fl m ar a carefully checked 

!or focus, !11.JD drive, and ~lemeter reccrd. Aey aefects are re aired 

and other test films are taken unti the a!Era 1s sat1sf ct ry. 

·.hlen the flight film is measured I'll l0aae , the s~me t~ of test 

oictures are taken on the fll.Jn for calibrat 1 n purposes, in tile case o~ 

the down camera, and in order to have an exposure ana ocveloping guide 

on every film. The shutter s!)eea and diaphragm opening is set aoo taped 

to prevent accidental movement. Development after the ret\.:.rn of the film 

is d:me in Steinman tanks -.dth Eastcan D-25 developer for 22 minutes at 

72°F. 

These camera films have been noteci as tne wu~t ir.:!sstr~cti~l~ 

flown here. Several gonaolas have been r~covered after as much as two 

weeks in water, both fresh anu salt, and thJugh the camer~s ,~u to be 

ooened with a hammer and chisel, an<J the film spool was founu to have 

uissolveci from inf>ide the roll of film, an adequate film rec:)rd was 
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obtainable 1n all cases. In only one c se . a : .. :-et! fall,•here t he c12:-a 

was thrown 250 rt by the impact aw thfi toay s • it ooen, was a fll!t un­

readable. Other free falls t,ave occurred where the camer1 booy -..as bent 

marke0ly, but all those records were undamaged. 

19. ~l ti channel ?ulse tecoraer 

'5 a solution to the probleo of com romi si~ the neeas o a oh to 

recording camera ana a telcn r~ rec rcer, a special . uls -rec ~ra ng 

camera is being aevel ~a here. r 1s c ?Era has a number of rn rKers , 1 h 

will record u_ to nine separate c annels of 1nformti n ana has a f1 m 

storage capacity of 200 ft of 16 IIUJl fi lJI, which allows appronoa te y 26 

hours or recording. 'nle film transport speed or lt inches per mnute is 

fast enough to recoro the shortest duration pulses generateu in the 

gondola (by the 'n,ermistor pu].se Generator) ana also res~lve the close 

spacing of the pulses from the same instrument, which range betJiecn 2 and 

25 muses per minute. A picture of this instrument is shown in Figure 

I-75, a wiring diagram in Figure I-76, ana a shop arawing in F:.gure I-77. 

The 200-ft magazine is bought unfinisheci from the National Camera ~change, 

Minneapolis, Minnesota, and is tt-e magazine for their L:orton 16 mm Sound­

master camera. The mtor is a. Tgyaon Chronometric. Since this camera is 

still in the orocess of development, a deta1lect cescripti.on iYill be ae­

ferred. 

St.rue t.ural 

20. Gondola Frame 

The frames listed in F1r.ure I-78 represent a transition from the early 

"loose fitting" design, which could accommodate almost any size or shape 
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Q oMeteb.1• in all caw. In only one ca• o:- a !'ree fall, where the caara 

- t.hrallD 2SO rt - the illpact am the body split ooen, wu a fils un­

nadabla. Otbar free tall• haw occm-red where the cuara body waa bent 

arllldl.J, bat all t.hON recotda were und•eel'l(i. 

19. lllltichmmll Plll.N ilcorder 

l• a aolut.ion to the problem or COlllpl"caising the needs of a ohoto 

recording caara am a telemeter~ recorcer, a special ~~se-recoraing 

caara 11 being deftlopeo here. This cllera has a number or marKers which 

will record U;> to mne aeparate channels or intonation ana hu a !ilm 

stcrap capacity ot 200 rt at 16 a tila, which allows approxi.JD&tei, 26½ 

houn ot recordinc. tbe fila tnnlport apeed of li inches per minute iS 

fut, enoup to recoro the short.ea curat.ion pul.Na generatea in the 

aomola (bf the ftlenlinor Plll.N O..rator) ana alao resolve the close 

spacing or the pulaea rr011 the SUI in~at, which range between 2 and 

25 pul..9ea per ainute. l picture of t.hia i.Dat.rullent is shown in Figure 

I-75, a ~ d1agraa in Figure I-76, ana a shop cirning in Figure 1-77. 

flie 200-tt uguine is bought un!iniaheci from the National Camera ~hange, 

lb.nneapolia, 111.meaota, and is tt,e •guine for their L'.ortan 16 mm Sound­

••t.er cuera. The mtor is a lllydon CJlronaaetl"ic. Since this camera is 

still in the ~ess or development, a detailed ceseri.pti.on will be cie­

ferred. 

Structural 

20. Gondola Fraae 

The frames listed in F}€Ur1 I-78 represent a transition from the early 

"looae fitting• design, which could accCIIUIIOC1ate almost any size or shape 
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i.Dltnamt., to padolal llhiCh 1111ft -~ t,o cont.alD apecH1c Clll­

poDIDYe The ...U.r, 1101t. recent rra11u, ot c ,uree, reoreaent a lor-er 

JrOl)Ol'tion ot the total weight or the eq \llpaent •~ are thererore mre 

efficient. iD tt,11 respect a110. There haf been one rree tall or this 

alniatve type gcadola when the bot.t.oa or a preaaturely bllrlt balloon 

t.agled t.he ctate, ul&i the srondola kited into a n.wr. In thle case the 

pndola wu bld1J broken up, but it hu been the onll aenowa damage done 

to. ODI of theN rectaapl.ar tr-•• 1 picture or the fr- 11 aholln in 

ftl1IN I-19, and a ahop dra1nl in npre 1-80. 11 can be noted troa the 

pict.ve, t.heN ii no heat c amuc~ path that can lead the heat rr011 the 

padola to t,bl Gilt.aide air,m.nce aupenai.on ia bJ 011011 ropes through the 

t..- .-i plate• iD tbl upper corner• of the rr-. Thar• are no 1911 

ca t.1111 tr- u thllN 1111N cm the older larl• at7le rra•, and the an­

tema dropper am t'l.alber. 11 aupparted bJ a noncanductl.DI hber arm. 

n • 22. Inlulaticm and corer 
lllcapt tor om short dqt1a filght, all the gondolas rlc,1rn in thil 

period •re innlated bJ stJrOfoaa, u were the gondolas ot the previous 

report periodl. (,... m-2S3, Yol.UI V). In designing the more compact 

p,dola, the cw WU ade of two 2• laJW• witt, al.wai.num foil on the out­

aide ot uch. SiDCe a11IDJIU baa bitter radiation ablorbi~ qualities in 

tha ri.albla ll'ICVUII thin in the i.lltru-.d region, it is an excellent 

•terial to conr a 1cmdo1&. 

Thi taperature inlidl a gondola 10 insulated has been •alUl'ed on 

a maaber of ru.ghta and the graphed rel\ll ta can be aeen in this report, 

Yola1 II, where the t,ial-teaperature re111lt1 are presented. Because or 
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Fig. 1-79. Miniature Oondola Frarae.
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the inherent characteristic or the therm11tor pulse generator •hich makes 
the first hour of readi~s svmewhat unit.able, it is mre des1ratle to 
refer to a lo~er flight, and therefore Flights 90, or 2 are rec om-
mnded. It will be seen that tile ter.iperature insic.ti t e ,., oo r e:na n s 
very near air temperature at the launc site regaraltss ft e r 
1e ngth of flight. This is a te ,~perature aifferent1a f 65° to 5° cross 
the insulation of the gondola, am about 15 watts cont1nuoos eat dissipa­
tion. 

The styrofoam has qualities in addition to its heat insulation which 
make it a desirable packaging material. Its shock resistance is very good 
and short of unreasorwbly large acceleration it has protected our equ.ip­
ment very v,ell. Its most valuable s~ondary quality, however, is its 
buoyancy, ana a gonaola which lands in water can always be foum floating 
high. Even the heaviest gondola flown here can te su oorte by the styro­
foam in its case (with 256 lbs of lift to spare), as has been oroven by the 
recovery of one which floated 23 days in Lake Mich1go.n. 
23. Goooola Peater 

When it was suspected that there \~as a component failure on one fli ght 
aue to low battery tempe~ature, a special thermostatically contrJlled 1n­
sulatea battery box was flown. This ,.,as, however, given up in favor of the 
heat engineerea g:rnciola with the extra precaution of a water tank in con­
tact with ·which the battt. ries ,~ere fastenea. This tank was c.;.esignea to 
keep the catteries above freezing temperatures for two aays ana nights. 
The whole system was tested in the cold c hamcer Jf the Deoartment of Mech­
anical Engineering, at -62°F for 72 hours, thr0u~h the cJurtesy of Ur. 
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Richard Joroan. However, as oesi~ns changea, t~ heat output of the 

transmitter soon became more t~an ttu s water tank was able to proa\Ce 

and the batt ry capacity was 1ncreasea to proouce the eat in this 

fashion instead. The goooola te~rature results in the flights cited 

previously were warmed by equipment heat ratt,er than by a water tank. 

Wirii,. The wire used on this project h<ls teen reauceu to two tasic types. 

The ·glass-insulated wire mentioned in Volume V, Page VII-256, has been used 

extensively in w1ri~ gorxiolas ana for thermistor leads from U'le balloon. 

However, in wiring very s:nal.l uni ts it proved balky and unmanageatle, and 

exterxied heat was able to char the insulation. Therefore, Teflon 1nsulated 

Wire 122001-il, Tensalite Insulatea ·,tire Co., Tarrytown, New York, has been 

used inside wtits arxi in critical areas in gondola wiring. Teflon has no 

known solvents ana therefore i~ unaffec~d by tatt r ac1a, anu since 1t has 

an exceptionally high charring point it cannot be aamagea by solaer1n. irons. 

A smaller gauge wire can be used because the uanger of aamag1ng the insula· 

tion due to overloads is eliminated. Were 1t not for the high cost, Teflon 

wire would be used throughout a gorxiola because of the ease of working with it. 

Recovery. An analysis of the recovery of all the flights by the University 

to date 1s presented in Figure I-81. The l~er recovery percentage of this 

report period is due in part to the low return on the subminiature gonaolas 

flown on the small Mylar balloons, but two step flights and two temperature 

flights are also among those missi~. During this perioa no particular effort 

was made to recover flights that were outstanding (with one exception), 
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re 1ance being placea instead on local f1!'¥lers. Th-= .) ne e 1.ce t1 n ~as a 

te-meratur-e fll t f r , .. h1ch au extenueu air ~larc· ,· s a t: a t c nera-

t1on 0~ t e l c.: S eriff ano t, J o F rest .. crv1ce r ~r S nt · tiv •S ... . S b-

ta1 red, 'c t the eau1om nt ,. .s n t f Jur¥l unt1 
t r: 

1n the xac c n r 
£: searc area. T is ,: r 

y 

v~~a 1zeu ncola ~e ave recovcrc , ~1t ev ry 
1~1 a la 

te1nis t orn or s:us)ioo ooen exceot tlie tem eratu.i·e-r <.. c 

c ntaineu t e only irre laceab e 1nf~rrnati n, r me 
J ts cIDtang L, s 

recovereci fr r.i )ie nort. \ ; rn w ous have sr wn cons1c.erat c amage aue to 

porcupir.es, v,h J ch c \iew styrofoam, ly.,oo oo ev n al 11 num, 

F16'lre I- 2 1s a picture of a map Keot in the secti.1n office v:r1c . 

records the recol/ _:':i nnts of th~ first one hunoreu flights ano the Tex s 

fli~hts. Tr.e lirhter ins how tre l ocations o • the balloons, an the v rker 

oins represent gonaolas. The generally pr£:va1ling \,inds at each launc ing 

site c.1n be seen ;rom th e: uis t ri uti on of the pins, but it sh· ulJ 
notea 

that the Pyote, Texas, ana Pierre, &Juth ua~ota, site~ , e~e both usfu only 

auring the win.er ronths, whereas the Minneapolis site has been used year 

around, ana some of the cluster aro'..lilu the Twin "ity area represents sum:.1~r 

flights which chan~ed Gi ·ection at altituue and urifLea acK ov ~r the cities, 

rather than srort auration fll f~hts. Tre one oin off the cc ~:e ~f the man 

represents a balloon that lanueo in Ti'r' unce. 

Tracking. A relatively small nunber of these flir,hts have been trackeci by 

theoaolite, since the camera tr c1 jcctories have been consl cered aoequate. A 

few night launches were trackeu with the aiu of the autornoLile ht:aali r·ht 

) 

) 
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tlalher. An 1neati111ble aid 1n trackin~ has been a oortable w,4V receiver 

denlopeo in thls section, which allows the theooollUi o~ra~r to tlke 

accurate five-minute reao1f1GS so that the 1nforrnat1on c:in tc colli;1neo ---1th 

other records with a minimum of error. The use \l! thu receiver, wtncl°' 

re~uirea no atttntion from the onerator anc gives an auaible s1 gnal \11 t 

a one-minute warning, has converted theoaoll \.e operation to a one-man job, 

since previously it was cons1uered necessarJ t~ have a sec nd man as a 

{ ti.me keeper am recorder. A picture of t~1s receiver is s~own 1n ~i ,. ~P. I-), 

I 

I ano a schematic Cliagrnm in figurP. I-84. This rece1 ver has also been usea at 

launching ooerationa to ~ve accurate time. 

Recor<i Interpretation. An increasi~ly ht:avy uuty of tt,1 s ~~ctlon has teen 

the read.in~ of flight records anu callbratJons. As the numter o: 1n~truments 

in each gordola has increased, aoo tt'it: accuracy ot' ac \ as 1mr,rovec, \,h~ 

time necessary to calibrate and reao out res~lts has increasEc until at t e 

end of the report period one fullt1me ptrson anu t~J parttime p rsonw ~~re 

working exclusively on reauout. 

To aici in tris int~rpretation an 1mproved Cllaru Cycle .;eal~r has been 

developeo which increases tre speed, accuracy ana ease with ~hl.ch Olland Cycle 

records can be read. 9109 uraWings are given in Figure I-85 aoo a picture in 

Figure I-86. '!'he record stiovm on the sc·1ler in the picture Vias a YJOOr but 

reaaabie rccoru of a mult:ich.;nr.el ~tc~ fli'~~t sir,n~l Vlhich -.ms bei~ read 

wt,en the ptctut·e was taKen. T~e \.;llanu Cycle trace is essentially obscured 

to all but the most practicea ye, but with the aid of the scaler no ciiffi-

culty ·was exoetienceu in rcac...rng it. 
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The scaler is comoose0 essentially of a vertical sen beo line on a 01cce 
of lucite ana a scribea line on a n1votea arm. An 11am Cycle ref rcnce 
(see Flf11re I-6L) 1s movea um.er the vertical line anu the n:ovable · rr. 1s 

aajusteo to intersect an arbitrarily chosen base 1ne on the str1 ~rt 
recoraint aoo the next similar reference. The i~tarx.:e bebiecn the two 
scrited lin son the t · st lin •pre nts J6o0 on t e u an Cycle r~tor. 
The lucite plates n w ich the ines are scr1tec. ar the ovec oara el 
to the vertical scribec; line Wltll the line on the nivote arm 1 £:rsects 
the same b1se line on the strip chart anu the eu e oft e helix to c 
measurea. T~~ amount of the vertical c.1 lac :n nt 1s pro1;ort1on t ~ e 
phase anrle displacement of trat helJx,anc. 1s r.ea~urea n a chart l ceu 
below a continuation of the vertically scr1bea line whic has a horizontally 
scribeci line for iooexing ourposes. TrJ. s ch:1rt, c ·illco the "cal i trat1on 
chart" of t,he Clfanu Cycle, 1s a graphical r nresent-3tion o•, the tiehxes of 
the Ollanu Cycle Rotor on a scale expaoced 1 to 9 aoo wh1ch is preparec by 
clotting in the scaler known pressure, or tension, or other type of ae­
flection of the pen ann against ph · se angle. This ph· se angle is obtainea 
by evacuatinr, the Ullaoo Cycle 1n a tell jar at a constant rate or aroppi~ 
ballast at a CQnstant rate, anti t@king pressure or weight rcaaings at regular 
intervals to establish a pumping or aropping rate curve. The Ollana Cycle 
nressure or tension ohase angle reaoinr;s are then plotteci against the rate 
curve for tl'w time at which they occurrea, givinv a phase angle vs pressure 
or tension plot, when the time element is eliminatea. 

~he scaler s~Jwn is an adjustatle mooel designea to reaa any of the six 
c)iannels recordec by the Brush six-channel Oscillogrcp h, the Leeds & Northrup, 
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or the Esterline-qua recorder. In aduition, co:apensation JS 0rov1c.ea fJr 

different size M"an~ nao r te1ng useo fort~ cal1trat1on s~et, an as t 

or lines furmsheo to rcae1 trr secona s~t o!' references used aurin~ cross­

overs. A series of llrM:s 1s n <.es ary ~ c u e the er.>anoea scab r.iar-n 1 i 

small 1naccurac1es 1n ·.,..,t; 1r1,1 .Xlnf eao useo on t e m1 1ng mac .rn . t. cut 

the references. Tht.: 1 rill ts 1!· accuracy of t 1 s rcaoer a."E: t 

1nx line tc1 ~ r€at. JU tt,c 111 ty t lot fl ne lines on c 1 rt1t1on 

chart. 

The same adjustable scaler is usea to rcaa up ana uown camera film, 

scope car.Jera film, Jr 16 mm recoraer film. The film 1s projectea bJ a stnf' 

film orojector onto a oiece of -h1tc P,r10 paper fastenca to the scaler ooara, 

am the information pips line<A up on an arb1 trary tior1zontHl grio llne ~h er 

1S u,ed as the base line. Tt,e scribea rt'ac~r lines are ttien usea to neasure 

phase angle of the images of t~e Ollano Cycle n1os as tie film is moved 

t.,_rough Ule projector. some slight moa1fica t1 on >:· t ~e nr'.)jcctor is nee ssary 

to allow tt-e or~jcction o the total ~icth of t..,e fl lm, be:cau· c tht! rdrn:1ry 

orojector is masKea too small to ir,cluue tre ar(;a v1 e:-t: :iur telineter recoroer 

nrints. A 3-to-l!-inch orojection lens is necessary to enlarge the film 

propeL--ly, arid yet have the projector within reach of the scaler operator. 

Jne orecautionary note should be mentloneo concerninv thJ s scaler. It 

is a pro!Jortional scaler uesignea for reaOlfl': proportional 01 solacernt:nt of 

cyclic occu.---rer.ce~, a.r.d !S h1gh y accurate at rea<.:1ru: Ollana Cycle type 

recoras. However, for rea<.iinr, a recoro cons1~t111g Ji.' a llm, ar aisclay of 

occurrences, it is no roore accurate <1nd much more cumbersome tran a finely 

uivioeo ruler. The generation of a calibration curve for a linrar aisplay 
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11 a v~ry complicated a0proximat1 :>n, .r. th a range ao llau t.eo tor most 
purposes as to be or little value. 

!. Block Diagrau aoo Oorxiola Plctures 

The following pages contain tlock wir1 ~ d1agrams of all the gondolas 
flown during this report r100, · nd hotograohs of these g nd las where 

available. The fiights 0.1ffer in c ta s wh ch were ueterr.n ned by t e intent 
of the fhght exo riment. The cumponer t information to be seen on t.h se 
pages is SWll!lar1zed 1n the table in Pigure I-31. 
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Stet.ion II 

~Ill AID RADIO COfllUNICATI<JIS 

A. hle•teriy Bncod1ng Syate• 

l. Priaary !ncodii, 

Thi• encoding 1,atem waa described in detail in a previous report. (l) 

F,ach itea or data which is to be handled by the rad1►teleaeter1ng apparatua 

11 ti rat encoded in thi1 eyetem by the appropriate transducer. The ditterent 

encoding •thod1 included in th11 171te■ have in ca.on an inherently narrow 

bandwidth, becauM or thl "latively lq ti•-conatanta involved, arxl aleo 

the teature or present,~ the data in a pulse-internl t)'J)e manner. One 

itea or data, atter being encoded in the priaary ey1te11, uy be uaed to 

directly re1ulate the keJina or a Cl radio traneilitter in the balloon equip­

•nt or •1 be used to actuate one channel or the 111Ul tipl ex encoder, which ii 

to be deacri bed in the succHding section. 

A special Olland CJcle transducer has been developed (2) am uaed in 

tlighta ot thie aer111 tor encoding data which can be reduced to a linear 

•chanical motion. 'nle two t1P91 ot data encoded b)' the Olland Cycle during 

thi1 aeries were atmospheric pressure and tension in a cable (in connection 

with the atep-tlight program())). 

The Olland Cycle transducer presents data in such a manmr that the 

relative epacirw between pulses contains the information . As ma;y be seen 

in P'igure II-1, there are two reference pulses (A,B) which are used to indi­

cate the speed ot rotation of the Ollam Cycle rotor, one short pulse (D) 

i (1) PH>OMSS REPORr ON HIOH ALTITUDE BALLOONS, VolWIII V, P. VIII-)41. 
(2) Ibid, p. VII•2S9-281, Volume V. 
()) Ibid, VolUJQB IX, Section VI, Analysis of Step Flights 
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Nl)Nl9Rting the 1111111• (or •11~•) hell:&, and another lOlll'r plll.11 (C) 

which repreaenta the aulti turn (or "fast") heliX and which ii used tor thl 

high accurac1 •asureunt ot the data represented. 

Figure II-l 
Olland Cycle - Reprenntative Pulse Spaci~• 

The lengths, on a recorded strip,-, be identified ae tollowsz 

a. A to A' 
b. A to C 
c. A to D 
d. B to C 
e. B to D 
t. A to B 

or B to B' • reterence length (R) 
: lat "fast" heliX length (F1) 
: let "elOlf" helix le~th ( S1) 
: 2nd "fast" heli.X length (F2) 

: 2nd "alOlf" helix length (S2) 
: reference spacing (D) 

It the reference length (R) is considered to be one cycle, or 360°, then 

the relative spacing or the other pulses may be represented by an angular 

displacement trom the ret'erence pulse (l), 10 that 

9, • Fl X 360/R • (F2 - D) x )fd'/R 

ard 9s • S1 X 360/R: 52 U x )6-00/R 

where 9" • "fast" helix phase angle, ar¥i 

e5 = "slOlf" helix phase angle. 
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AD 1Dltrualnt eaplOJi• the pr1nc1,»ll o! 1ia1lar tnanllH wu deftloped(L) 

and i ta UN ua1 1 t unneCHlaJ'J to 10 throQlh the abon pr\leedw-e tor 

eftluat.1111 t.h• data repreaented. 

A apecial encoder(S) or th• - pmral type a, the Olland Cycle waa 

uNd tor ten11on -•ure•nt in aix ot the eight, 1tep tlighta< )) or thi1 

1eri11. Thia encoder produced a 1ingle-reterenc1 pulae and a •1~1•, ao•abll 

intorution palae per COIIJ)lete cycle. The 1ntorat1on accw-acy inherent in 

th11 171tea waa tound to be inautticient and the Olland Cycle tranaducer wu 

UNd on the last two step tl1ght1 ot the aeriH to attain the desired 

accuracy in the tel••tered tension data. 

l apec,.a1 in1tnant wa1 denloped tor t.he erx:odiJW o! teaperature data 

aa NpreNnted ~ the re1i1tanc1 Yalu• or theraistora. 1'1• inat.ruaent and 

U,a application are dt1er1bed aore tull7 elaewhere in this •ol\1111( 6). In 

HNnce, the encod1ac conliata ot pr11enting the value or ohmc resi1tanc1 

ot a theraiator or standard re111tor by the apacing between signal pul1e1. 

The• pul•• are ot approXiutei, one-eecoai duration. 

In two flight• ot the NriH (91 and 94), prillary encoded temperature 

. 
intorution wa1 teleaetered rroa the top balloon to t.he main gondola which 

was located below the lower balloonO). The radio link consietsd or a 

10.710 me tranalftitter 1n the tow balloon and a receiver located in the lower 

gondola. The recei•er used in Flight 91 lacked sufficient eensitivi t7 am 

the tele•tering ot this data wae unsuccessful. However, an improved re­

ceiver uaed on Flight 94 gave satiatactory results. 

(4) Ibid, Volume I, p. I-1S4. 
(S) Ibid, Volume l, p. I-101. 
(6) Ibid, Volume I, S&ction I, Teq:,erature Instrumentation. 
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2. Secondar)· fAll t1plex 1nc9 

In CHH where aon thar. one data channel 11 required, a 11cond 
encoding 171tea 11 uaed before tranalliuion ot the data. Thia a11tem •ae 
denloped in anticipation or fiighta where two or more data channels were 
nect11u-y tor the fiight analysis. The main factors conaidered 111 the 
deYelop•nt ot tUa l)'ltem •ttr.s: 

(a) Lo• band width rftqu1r~11ent, 

(b) low duty c1clt, 

(c) adequate~- high mult1pleX1,. rate, 

(d) tleXibili t,1 o: channel number, and 

( e) ai~l1 ci t;y or encoding equipment. 

Factors (a) am (b) are neceelal')' to conaider in the interest, ot lc,w 
peak and Herage transmitter powr requir-nta. The multiplexinc rate (c) 
must be chosen 10 that ~• tiae between auplee in each channel is leas than 
the mir.iau 1igniticant ti• involved in the primary data encodi,., 

The mult1plexi,w 171tem developed for use in these fiighta meets all 
or the above require•nta. The IIIIXimum required bandwidth is not greater 
than 1000 c/aec and the dut;y cycle has a maximum of 1,,. The multiplexing 
rate chosen is lS auplea per second on each channel. Thia is high enough 
so that the data accuracy ia not deteriorated and, at the aaae ti•, 1a 
low enough ao that a mechanical commutating syatem<7) ru.;y be used, 

In this system, a pulse or 3-millisec duration ia em:L tted at a regular 
rate (approx. lS/sec). Th.&.i pulN provides a reterence time tor identifica­
tion of the data channel pulses and a reteren:e rate for synchronizing an, 

---------------------------(7) Ibid, Volume X, p. I-75, Encoders. 
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decod~ equipant which -.y be u•d 1n the analyl1 • or ttl• 11gnal. Al 

all or thl data to be handled 11 prenoualy encoded in a t1ro-1tate ( ott and 

on) 171te■, uch channel 11 aaaigned a certa1n location in t1•, with res­

pect to the reference pulH, and a pulae or one 1111111,c a\&Nt1on appear, 

in thi1 location when the corresponding channel ia in the "on" conci1t1on. 

An oecilloecope diaplay ot the 11gnal tora •Y be •en in Figure II-2. 

Channel aupling, in th11 171te■, 11 acc011plUhed by a mtor-driYeu 

-cnetic c0111Ntator which 11 described in aetail elsewhere 1n thil report ( 7). 

In thia 17etea ae•eral iron-core coil.I are located, With proper apaclllg, in 

a radi~ pattem and a perunent apt ii ao•ed through the air gap or each 

coil in tum, thua 1nducing carrent in the coil. It the data channel aaeo­

ciated 111 th a certain coil 11 in the •on" conditt on aa the cu1Tent ia in­

duced, a reaulting la)'ir.g-pul11 actuate• the tele•ter1ng transmitter tor 

the proper ont-aill111c inte"al• 1'11• c0111Utator has the virtue ot 

airplicity and low power consumption. 

A thirty-contact rotating nitch(S) was tirat uaed in thia aystem. 

It did not proft to be aatiltactol')', aa the apeed of rotation waa not 

autticiently c01astant t<r uae in thia aystem. 

The mqnetic comutator, in u11 at present, shows a certain degree ot 

inatability but with careful aelection and ageing, satisfactory operation 

ot these unite my be obtained. 

(8) Manutac.tured b1 the Applied Science Corp. ot Princeton, Princeton, N.J. 
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An electronic pul.M pnerator and aupler 11 beiftl de•tloped and 11 

nld7 tor production tor n11ht1. Th11 equip•nt 11 a,re coaplex and re­

quires a heaner poarer auppl.J than the aechlnical coa&tator, but producee 

a lipal With an accuratel.J stable repetition rate. 

The 111&ltipltx encodirw ay1te11 haa been u•d on 11 tlighta ot thia 

Nries. UM ot thia encoding ay1tea hu •~own that 1 t 11 sat.iatactory ror 

tele•ter~ the data aaaociated With balloon pertonu.nce, I\ICh aa air 

pre11ure, wight or tenaion, temperature, and event 1nroraat1on. 

B. Fli&ht Bguip•nt 

1. TranN1tter1 

Several typea ot tranami tter1 were deweloped and used in thia series 

or n11ht1. In general, the tranlld.tters ueed tor tel1•ter1rw pr1ary 

er,coded data are keyed by relays, and thoae denloped tor UM w1 th the 

multiplex system are keyed by electron-tube circuits. A aeries or trans­

mitters, tor use With priury encoding, working in the medium treque~y 

range (1638, 1676, 1724 or 1746 KC), were used. The first type (Figure II-3) 

utilized filament type tubes and was keyed oft b7 reducing the screen poten­

tial on the final amplifier. A second type (Figure II-4), w1 th filament 

tube a and B-lli.nua keJing, waa then developed to reduce the power supply re­

quire•nta. The third mdel ( Figure II-5, a, b ,c ,d) , with filament tubes , 

we.~ deeig~d to reri~ .- th11 A-supply drain by operat1~ the filaments ot the 

tubee in a aeries arrangement. This transmitter was used on 1) flights of 

the aeries. Another transrnittP.r, with cathode-type tubes, (Figure II-6), 

waa developed tor increaaed reliability, but the A-supply drain was increased 
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Fig.' II-5b. Transmitter - Medium Frequency.
B-Key, End view, cover off. Final tank coil upper center.

1

Fig. II-5c. Transodtter - Medium Frequency.
B-Key. Side view, cover off. 
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i 1

y.'i- ■■ ;. m:h:y-
Fie. II-5d. Transmitter, Medium Frequency, 
^ B-key. Side view, cover on.
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ud, u \Ill ftlulnt--tne t.llb11 "" ooerat.iq Wit.ti m11xi,ectedl7 good 

Nl1abU1'1, t.1111 tran•U.ter •• u•d on onl.1 tour n1&hu. 

AD aml1ar,, hl&h trequenc1 (68)S IC or 6690 IC) trlftlllitter ('1pre 

II•l) - Uld on tin tu1ht.a ot t.hl , -n11 11 a 1upple•nt to the aediua 

trequenc7 t,ranai tter. 

l 1p1cial, li&ht-aai&ht. •r1H or tran1111uer1 in the 10 ac repon •11 

den loped tor UN OD IUplrprellUN n1ght1 w1 th -11 te,lar bal.oona. The 

pCJ1111r output or the• trana111t.t.er1 11 about one watt. 1'11 t1rst. t1P1, 

(npre II-8), at l0,26 ac, conained ot a power 01c1llator directl7 coupled 

to fill• antenna, The rreq.nq allocation •11 then changed and a new t1J)I ot 

traualt.ter (PilU" II-9) •• deYeloped tor operat.ion on 10, 71 ac. Th11 

tranlaltttr uNd om-halt ot a tJpe )AS II a cry1tal-controlled oecillat.or 

amt the other halt ot t.he - tube aa a po•r upl1t11r driY1n1 th• antenna. 

Another tranaait.ter on lO,n 11C (Figure II-10, a,b,c), preY1ou11J •n-

tioned, •• de•eloped tor \181 1n tele•ter1nc priaar)' encoded temperature 

1ntoraat1on troa the to• balloon in ltep flights to the ain gondola. fll1• 

aipal can alao be rece1Yed directi, 1n line-ot-light range. Thia system 

•• uHd 1n two tlicht.a ot th11 HriH, 

Special transaittera with electronic keJi~ were de'flloped tor u• with 

the recording aultiplex er.coding 17at•. They were deaignad to ••t the 

requ:i.re•nt• ot etficiently dnelopiD& a high peak power with a low-wltap 

plate power aupplJ tor t.he final uplitier. It ii neceaaary to maintain 

law •oltap1 and to uee good inaulating and 1paci .. tecbniquea in the physical 

delign ot the final uplifier of these transmitters in order that they •ill 

operate withwt arcing in the raritied atmosphere encountered in balloon 

tl1ght1. A large part ot the solution to thia problem iS in using fixed 
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(■'

'• V :vv - ■'-■■

M4nm
'■ ■ V ••'

----------- .

4 :Y-
m

Fig. II-10b. Transmitter,H.F., 10 me, ll W. Outside view.

Fig. II-lOc. Transmitter, H.F., 10 me, 1^ W.Bottom view, 
showing final tank coil.
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Collftdlat.ial 

o ud tuilll U. ftDa1 tall llf ad.1•'1111 tM eall illductanee. 

It, 11 alao IIIOlllal'J low a na- abl "1th the anode oonmctiOD on 

the t,op ot the eanlape. h• t.ranNlltt.en, u na11r dewloped, •--• capable 

of iad•illl troa 7S to llS •tt.1 peak pONr aorou a •t.ohld load. Bec­

ot t,hl l• cha• o,all UICI, U. .......- p..- out.pat, 11 1D the order ot 

the •tta. CircNU diqnal ud pllotocraphl ot tao IIOdell operat.1111 OD 

lluS IC (npre II-11, a,b,c ,d), and 16)8 IC ('1pre II-12), are &iYen. 

~. RN81tVI tor UI 1n BallOOD ,111ht. Ooadolu 

TllrN t.JP1• ot nce1,v1 •n ued OD tour tlighu o: th• radio ca.and 

rupu ot thia 11r1... Circuit. cliacra- tor- th•• wta an 1hom in 

P1gun1 II-13, II-U, ml II-15. 

l apecial NCUftl' (ripn II-16, a,b,c) -· deftloped tor 111e 1n a 

teat, of Loran tnnlponli• tor blllooa tnckina. 1'11• recei,v reapondld 

to l9S0 IC and featured a wide band, atagw-t.ued, I.F. uplitier. Thi 

output, pul• fltaa the recei,v •• designed to operate the elect.ranic-kefed 

pull• tnnllll1.ter direcU,. 

l thne-tube, 10. n ae, rectiYer -· dfftloped tor "ceptiOD or pr1a17 

encoded teaperature iDtOl'llltion troa the toa ballOOD in ltep fiight.1. ll 

th• tranlld.HiOD path-· lhort,the receiYW - purpo•l.J dtligned to hue 

low ND8itiritJ to prnent keJiq OD interteri~ lipal.1 or Dm.N. fll• 

bane delip Conlilted ot • lingle R.,. uplifter' • diode detector' ODI 

high-pin .oUage uplitier, and a power uplitier which operate• a aenaitift 

relq. Th11 rela, c01pletee the aaaigned channel circuit in the multiplex 

179tea and, theretont, the temperature data ia tele•tered to the ground 
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Fig. Il-llh. TransmiUer, 3^5 KC, electronic keying. Outside view.

I -

m-irm-
f ...- • .umw

Fig. II-llc. Tranasitter, 3Ul5 KC. Electronic keyli«, side view,
cover off. Note final anode connector behind tube at left. 
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Pig. Il-lld. Transmitter, 3Ul5 KC.
Electronic keying - bottom view, cover off*
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i:-
Pig. II-l6b. Receiver, Loran Repeater, 1950 KC, lOit Kc I.P. 

Side view,showing tuning controls.

h -■ , V

I

Sr T “V’,.

Fig. II-l6c. Bottom view, cover off. Right section: R.F.Ain>.
Mjddle Section: mixer stage. Left section: oscillator, 
I.F. aiq>lifler8, detector and aidio amp.

Confidential information

'J



Pap II•HO 

nat.t• 1'1111 U. o\hlr ballocm data. !lie NOliYV (rtpn II-17, a,b,c,d) 

no- on '11cbt. 91 did not. operate aauatactorilJ bllt, t.he aod11'11d mdll 

(PipN II-18) pNftd t.o bt adequate llhen uaed 1n Plipt. 91&. lit.II t.hl 

nce1Yer a:nmtld 1D an operat1111 1ondola, teat, ahowld t.hat, it. - mce1aar7 

lo tilt.er both the •1• and "8• 1upplJ •oltap t,o pn,ut, •71111 on no1• 

.. Dinted in the .-Sola. 

3. Thlral\ol' PIil• O.mratar 

l cirault tor the prialrJ 1ncod1111 ot rHilt.anc• •al1111 •• de••loped 

and uld on 21 n11trt.a ot thi1 •n11. Th11 appant,u and it.I application 

are ..-, tun, de1eribed in Vol .. 1, Slatton I (Te1p1rat.ure) ot th11 report. 

c. Oper&Uan ot Rao•iriDI Stat.iou 

In aoat. ot t.hl operatiou f4 thi1 Nr111 ot tlipt.a, two receinn1 

1tat.10D1 ..-. anned 1n order to pronde a 1reater probabibt7 ot reception 

ot the tel-tered data. The local ,tat.ion 11 located at the Anoka Count.7 

Airport 1D the 0n1...-11t.7 ot 111nneeota ottice buildiJII. StYWal ne•ot 

the equipant ot th11 1tat.1on are 1hon in Piprea II-19, II-20, II-21, and 

II-22, alb. Au. s. Na')' tnu.r(9) haa been equipped With recei•inl and 

tnlllllittins 1q11ipaent and ha, been ued tor aolt ot 1h• tlighta ot th11 

Nr1H. It, wu located aid ulld at Pierre, South Dakota, tor Flight• S6-S9, 

lltl-6S, and 67, and 1ince Flight 78 has been located at DePere, Wieconain. 

1. Reception ot Pn.1111'7 Encoded Signal• 

Both 1tation1 are equipped tor recr.,inna am recordinl the priaar, en­

coded •ien&l•• Ttiis equipaent in:ludea a receiYer With a beat frequenc1 

(9) PJmRF~S REPORr ON HIGH ALTITUDE BALLOOIS, Voluaa V, p. VIII-37S. 

Contidential Intor•tion 



Confidential 

" ~ 
~ 

• 1 • r--,.. 
I 
~ 
~ 
• .. 

tllO ~ 

-c. 

Confidential Intonation 

\ 



r

page 11-272 Confidential

'^1

-■ ■

'4
- ‘ V

‘ ■ ■ ^ ..............r--—’■■

• • -

^ >4 ..
V-5>T:

Fig II-17b. Receiver, Balloon Temperature, 10.71 bc.
Top view showing connecting plugs.

/

Fig. II-17C. End view, cover off, showing circuit wiring.
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( »

■ m

n-17d. Beceiver,Balloon Ter^perature, 10,71 lie.
End view,corer off, ahowing tube and relay 
arrangement.
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fe -- ■
I--. ^

M!

m.
Fig. 11-19. Anoka Airport Station. Lower Left: transmitter control center- 

plotting Board} Lower Right; D.A.C. Radio Direction FuiKier) Upper Right: 
L.M. Frequency Standard.

•%

r if

m
V.

Fig. 11-20. Anoka Airport Station. LowerL: Panoramic Receiver; Upper L: V.H.F. 
Transceiver Model 522; Lower L Center; Fammerlund Receiver; Middle L Center: 
11-channel tone generator; Upper L Center; power supply; Lower R Center; 
HR0-50T1 Receiver; Lower L; Transmitter control.
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0 0

Fig. 11-21. High frequency communications transmitter.
Located in basf-msnt of tower building.
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M M.*

f c
t

CZ3

1

Fig. II-22a. Anoka Airport Station. Lower Li part of tuned audio amplifier} 
Lower L Center: receiver (see Fig.II-23a,b,c); Upper L Center: special experi­

mental receiver; Lower Center & L: Data readout board; Lower R: Loran 
receiving equionent, luooel DAS; Upper Rv Dumont oscilloscope.

-r-' Vi,

-''j

■ -

Fig. II-22b. Left: Leeds & Northrup singie channel recorder; Lower Center:
Data readout board; Upper 0: tuned audio amplifier (see Footnote 10, p. 11-278); 
Lower L: receiver (Fig.II-23a,b,c); Upper special experimental receiver; 
Extreme Left: part of Model DAS Loran receiving equipment.
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Canftdlat.1al 

ON11lat.or tor c.1. ncept.1on, a t.11111bla audio tnqulDCJ up11t1er<10>, 

and a LNcle' llorthrup, Speecloau NCOrdlr. 'direct rtad-out, ~ t.hl 

pNIIIIN dat.a 11 uauallJ ade at both 1tat.10111 IO that th• CUTIDt. balloon 

alt.it.a 11 lmolD. 

2. Reception ot llaltiplex IDcodld Sipl• 

Both the local ,tat.ion and the trailer are equipped Wl th NOii ftrl 

(FipN II-2), a,b,c) eapeci.U, aoditied tor reception ot the pulN•tn,I 

1ianal produced bJ the IIUltiplex encoding 171tea. A 15-airmte 11,-1 

interrupter (ftpre II-2la) 11 UNd in both locat.iona to pronde an accurate 

UM ark on all t.h• tele•teriiw recordl. 

a. llqmtic • Tape lllcordinl 

In thl trailer ataUon, th• lipal., alter paalisw throush thl 

interrupter, 11 thin recorded on 111P1tic tape. It •• found that t.hl 

low trequenc7 re1pon11 charact1ri1t.1c1 ot the aacnet.1c tape recorder• 

wre auch u to cauae a large 0•1r1hoot alter each pul.N. A• th11 11 

undel1rabll, a carrier 111tea 11 ulld tor 1111net1c tape reoordiq. In 

uae, the llllt1plex lipl. (troa the 15-aimate internipter) 11 ted 1DtO 

thl S IC 11pal pDll'ator (Figure II•2S) where it 11 illpoNd OD thl 

carrier •• upli tude IIOdulation. In thi• 171tea, the aodulation ia 

all in the Ul- ,ard ( or higher pa111r) direction and 11 not l1near aodu­

lation IUCh •• 11 ultd in Toic• c01111unication 111t••• The ne11t1Te-

101na 11gna1 pulse• are applied to th• cathode ut t.h. tum:c o-.1tput 

amplifier tube a nd therefore tem to increaae the output leTel bf 

reducins the grid to cathode bias of thi1 stage, 

Thia carrier ayetea 11 in use in both atationa at preaent. Th• 

(10) Ibid, Volua V, p. VIII-34S &Figure VIII•), 
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Coaftdeat.tal 

aadalat.ed earner 11 tbea NOOrded at a tape IPNd ot ?t b/lN. 
Thi vatlar Rat.ion 11 not equipped, at preaent, to deoodl Ule 11111&1, 
and the lllin pupoee or tld.1 •tat.tan 11 the prodmt1oa ot t.hl Mplt.io 
tape reoarc11111 llhioh 11 later plaJN back and decoded at the llinnlapoU1 It.at.ion er in the labonto17. 

The 1111net1c rtcord1•• IN■ fiiehtl are PNNl'Yed 10 that the 
ol'111nal data fl'oa Ul7 fiilht 11 alwqa a•ailable. 
b. S111llt.ane01&1 lalltiplex Decodina and Rlcordiq 

Al ■11 be •• (Picure II-26, a l b) the Anoka Airport 1tat1 an 11 
e(ll&ipPed both tor -cnet.10 tape Neordinc and direct decod1n1 ot t.111 
aaltiplex 111nll. Si& ot the Channell 1117 then bt cumtntq decoded it clelind. 

The aalt.tpla decoclinc equipaat u utd dunns th11 1111.H ot 
t111bt1 produced t.hrN type, ot record, 

(1) SJnchrmiled tila Ncord (Plpre II-27), 

( 2) •tz~h .... 1, 111111 t■n■ ou■, ■tnp-eh■rt record1nc (P'J.gure II-28), 
(J) 11ngle-channel •trip-chart recordiiw tor curnnt data read-011t. 

(Pipre II-29). 

The llain unit ot the aultiplex decoding equipment is the aync­
separatar and -ep generator (Figures II-30, II-31). The unit, as 
1hown, ia the tir1t working aodtl and ha1 been in use in all ot the 
operationa usins ■ultiplex encoding. There are still ret1naent1 to 
be acie 1n the c1rcu1 tey, but 1n pneral the apparatus has operated 
aat11tacton17. The block diagram, (Figure n-31), With wave torma 
Will help ane to follow the signal through the Various circUi ta it so desired. 
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\VANTINNA 

1' 

- IIEC!IVEII 

JO·IIC-231-AIC·ML 

SYNC-KPIIIATOfl 

AND SWEEP 

KNIIIATOII 
H-PCl-117 

IIECOIIOINI 

CAMEIIA 

MAGNETIC TAPI 

IIECOIIDEII 

I-CHANNEL 

SEPAIIATOII 

55-PCG-211 

LUDI I NORTH­
RUP RECORDER 

II MINUTI IIINAL 

INTIIHIUPTIII 

5 KILOCYCLE 

_ SIGNAL IIN-...... •~-_. 
EIIATOII ANO 

MOOULATOII 

....__: _ _. I-CHANNEL 

IRUSH 
...,___..,_ _ _. IIECORDEII AMP­
..,___..,_._. LIFIEIIIS 

2 -1 1&-1 11 a 1 • , 

11 t I 

I-CHANNEL 
IRUSH 

RECORDER 

MULTIPLEX DECODING SYSTEM 
BLOCK 'DIAGRAM 

Fig, II-26a. 
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"1

Fig. II-26b. Multiplex Decoding Equipment Racks

Upper Left: 6-channel Brush Recorder
Lower Left: Brush An?ilifiers (Fig. 11-35,a,b,)

Right side: Topj 6-channel separator (Fig. 11-32)
Second; Dual scope unib with camera attachment. (Fig II-3U) 
Third; Dual scope an^ilifier (Fig. 11-33)
Fourth: Sync separator and sweep generator (Figs, n-30,31) 
Fifth & Bottom: Power supplies for above equipment.
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5YNC.5EPAMTOR ., .5V££P GENCAHTOII. 
BJ.OCJ< 1)1196/VIPIS WITH WAV£-F01f/"1S 

Nlljf. IA/fll,L/· ,.o. C . 
INt'l~~ F/Ut "t/WSrtM-
~I VA II.A ti 

l"'IILL£ It 
INTUt6Nf 
rtJA V~I 

'CAT. 
l,oU#f/< 
: V.J 

~ 

srN, . .Sl6NlfL 
---- r'\ -----

TW(CP 'Q '11£/N NOii-LiN,_ 
IIJ11t,u,1cA ~~IDG/. ,Li~,,~ 
" f ILT~A OJC. 10 -1.0 ,_ ,111,,JI 
Vf"' VIO ~---___..N/S~c. ...., _____ ....... GCNUUITO/f 

PNl'INTIUTIU)N SW££P 
6CN£1u,ro11. -1 ovr,ur 
AM~t.ll"/£~ 
~ IJ~ II,/" 16, 1 I~ 

FlfOM , CHAHNEJ.. 
.S E.P/9 lf'1 rD" 

1/// • t'/~ VIJ~ Vlf 

~ TO "x" 
AXIS .SCOP£S 

d' 
50 GI 

,. 
i'O e,, 

I' 

' 
e ,. 

rcsr POIHT5 

Fig. II-31. 

MJX£11 '1-
,t/rt~LII/ 
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caaftdeat.tal 

TIii pr1...., plll'pONI al Udl unit are '° pro•ide I 

(a) a 1JDChroni1ed ho1'11onta1 -.p tor cathode-ra,-01eill61cap1 
obee"at.1on IDd oaaera reoord1q, 

(b) lllfticieat 111pl1t.ude ot lipal tor pul.11-bri&hteni. OD tJle 
c-ra oeaillo•ope, and 

(o) a 11p1rated relerenoe pul• tor 9JDChron111fta the 11x-charn1 
11p1rat.or cirruita (Ficve II•l2). 

A dual acope unit, aa1oc1ated nth t.h• decodiDI eq111pant, pron.de, 

a •ana ot c...-. NCOrcliDc and aon1 tor~ the 11pa1 and other •" 
tont11 der1ftd troa thl onpnal 11pa1. Thia equipant cona11t1 ot 

UIO 1Cape-up11fiar un1ta (Pipre II-ll)J two ftt1-inch cat.bode r.-, 
tabla (Pipre II-JL), 0111 W1 th a P-11 phoephor tor phot4craphJ and thl 
other 1'1\b a laac peraiatence, P-7, ecrNn tor Y11ual obeenation~ and 
the a11ociated powr 1uppl1e1 which an not lhon. 

4 MW-tooth •'felon, 1J11Chronou1 -1th the aultiplu 11sna1, 11 
applied to the honaontal uplitier input, ot one ot the 100p1 upl1-

t1er1 (ncure n-33). Thi D.c.-1tab1l11ed outi,ut •icnal tr0111 thia 
uplitilr 11 coupled to the hcriaontal detlection plate, ot both 

cat.hode-n, •••• 

Thi lhapld lipal output trca the anode ot v6 ( Fipre II-30) 11 
coupled to the -z• u11 input ot thl c-ra NCtion ot thl acope­

uplitier 11111 t. Thi intea11 t., control on th11 Wl1 t 11 adJuated 10 that, 
the apot appear, oni, With application ot autticient ligna11. A con­
tinuou ltrip tU.11 record 11 llld,1 at a tila rate ot lt 1n/aln. 
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Thi l1pal llh1eh 11 ob.....S on \be .al \or IOopl co•• troa \hi 

anode ot '20 (n,un II•l>) and 11 Mplifiecl IDd D.c.-atalllliled bJ 

t.he YVUcal uplit1er (Plprt II-33) allOCiat.ed "1th \hU wt.. TIii 

lipal t,o be aanit.cnd 11 chONn bJ pont1on1. the 10-polt teat,-point 

11lect.or nU.ch (Fipn II•JO) aa a.11nd by the operator. 

The au-channel aeparator unit (Fipn II•.32) conl11t.1 ot llx 

11alar muta, om tor each channel. The poait1ft 101111 IJDC-pul•, 

ftoa pin 111 ot v-7 (F1pn II-l>), 11 coupled, in coaaon, to Y-l ot 

each channel wut. The tube (V-1) 1D each channel, and 1t1 aa1oc1ated 

circ\11 t, an \&Md to pr0\"ide an adJu1tabl1 delq betaNn thl 1DDaalJII, 

0OIIIOD, IJDC~N and the 1nd1Yidual CN\plat pulH. Th• ditteNnt1ated 

anode•" tora ot V-1 act, a1 a tnaer tor the aanoatabl• mlt.1• 

n.lrator circuit (V2) which pn1rate1 a pulN ot about. S u duntion. 

Thil polit.iYe pw.11 11 ooupled to the p-idl ot V), which AN norully 

biued below plate current cutott, and al10 to the p-1d ot thl triode 

gate-pul•-aiar (eithlr V6, 7, or 8) 1tap. All ot the 1ate pulNa 

IN deftloped acr011 the S6 I, co11110n cathode load re111tor ot tbl axer 

•tap. These pul111 are then med w1 th one ot the teat point 11p11 

1n V20 ~· P1SUN II•)O and appear on the aonitor ■cope a1 nepti•• 101nC 

notchH in the trace. Th• delq U.. ot circuit n ot each channel -, 

then be n11l7 ldJuted to the correct Yalue tor coinoidence w1 th the 

delired l11nal channel pul•, The complete 111lt,iplex ligDal appear, OD 

the grid and cathode of the co•on circuit, VS, ot tJ\11 unit and 11 

direoU, coup18d to pina 3 am 6 ot V) ill each channel. 

flle circui ta V3 am V4 ot each channel act aa ptecl, peak-readi~ 

Yolt•ter,. The action ot the charpng circuit tor the .0211FD coalenaer, 
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cm \hi pid of YI&, 11 cllpeadant cm t.h• Yol\ap OD t.1111 coadaDNr aal 

\he 1ftl\UtanlOU potent.ial applied to pinl ) and 6 of V3 when a 

ponti•• 1at.e-pal.N 11 applied t.o th• coaoo control ,nd1. It CID 

bl -n tbat,dlal to thl lla1\1na act.ion ot the 12-ohn "111tor 

in Nrlll with ¢di 2 and 7, thtN p-idl Will a11ua a potent1al 

ftl• equal to U. molt. ne1at.1ft of 11tt.r cathOCS. ) ar 8 llha acti• 

•ated bJ a larp po11Un wlt,aa• froa the circUit of V2. Ther•fore, 

\hat Viode IIOUOD of V) which ha1 the aoat ne1at.1••• 1natantaneou 

cathade potenUal will bl 1n a conduc\iJW it.ate and the •olta• appear-

1111 at tM 1r1d ot VIL will be approxiat•lJ th• ,... u that applied to 

p1U 3 and 6 duriDI thl sate ta. Thi• 1ate appear• once per cycle 

at, the 11111\ipltdnl rate and, a■ V) 11 bia■ed beloW wt.oft duriDI thl 

r••iader ot the period, th• YOl tap a1111111Cl by the 0.02 IIPD coadeDHl' 

duriDI aDI pte ti.al will rellliD 1111nt.1all7 conat&nt until thl next 

pt.a. 1ht 1ipl output, a• appear• at tih• cathode ot vb, 11 conN­

q•n\11 a clON approx1a&Uon to the ori11n&l pnary encoded 11gnal. 

before aultiplaln&• 

Tbe Np&ratecl lipal troa each cblnnll 11 thn ted 1nt,o th• input 

ot ODI ot the au-charml Brulb. upl1t11r1 (11.F• II-3$, a,b). The• 

up11t11ra drift the pem of tb• lix-channel Brlllh recorder and a 1trip­

ohart 1Dk recording 11 ude ot the ftl'ioua data channel• lillll.tanlo\1111• 

Thi paper teed 11 ldjut.ed to produce a rate of 6 in/111.n. It 111Wa• 

challnll recording ii d111Nd, a Leed• l Northrup •9p11d-o-lllX" recardlr 

input 11 connected in parallel with the pen IJ'llltUN of the delired 

cbalml. 
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J, CaannlcaUODI 

Al cGMllllicaUou bit.en the aobll• \railer 1taUon and \hi Anou 

Count7 Airport, atation are delirabll and mc11eary dv1~ tlicht operationa, 

both 1tat.1on1 are equipped With tranla1tter1 operati~ on either ~15 kC or 

61aO IC. The• wanllli ttera are capable or hand.11~ Yoice, C. - . code, or 

11.c.w. cod,. 11th the trailer station located at DePeN, 11acon11n, 1t h&1 

been found necHaary to 1Dltall a plq-in telephone to inaw-e continuity ot 

caMUn1cat1001 dunaa operat1on1. rt .. d11tanc1 bet .. "'n at.ationa in th11 

Call 11 )50 .11 .. and neither ot the two an1labll Yo1Ct tNQ\IIDC1CI 11111 

operate at th11 lhort ranp durinC Winter n11hta. (ll) The laaer trequ1nc7, 

3415 IC, 11 otteo uNd tor tele•te~ am 11 twetore unawailable tor 

c aaamic ationa. 

~- Special Portable RectiYUJ Egu1paent 

A ligh\-11111ht battery-power po?9table recei nr and Ncorder unit haa 

been con1tructed (Fipre II-)6, a & b) and wa1 used occasionall)' in the 

ru"'ta or th11 11r111. 1'111 equipaent can be carried by one 111n and 11 

eaeily tran,portabl• 1n a light aircratt or autoaobile. 

The rectiYer 11 c171tal-controlled and, by ineert.ion ot the proper 

plua-1n co1l1, 1111 be tumd to aey or the aaaigned trequenciea in the M.F. 

and R.P, buds. A la1r-power, 1111ple strip-chart recorder, with a regulated 

D,C,-ac>tor drift, waa constructed tor use Wit' thia unit. 1'111 recorder 11 

multiplex tel••tering, a battery-operated 111gnetic tape recorder 11 used in 

conj1U1Ction with the receiwr, 

(ll) Ibi~, Vnlume I, Thia section, p, II-)08. 
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ng. II-36a. Portable Receiver and Recorder Unit.
Plant view showing control knobs.

Fig. II-36b. Top view.
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D. IDft1t.1pt1on ot Loran Tracld1t1(l2) 

It n1 de11Nd to 1rmstipte the probl•• concerned 111 th a balloon­

tncki .. 171te■ ut1Ulin1 the alreld7-ex11t.1~ and operat1111 Loran hJ'per­

bolio nanpUonal 171tea. Thia 171tea, •• \&Nd tor direct nanption ot 

aircraft, and nrtac, ftlNl1, hU been ahown to haft a h11h degree ot 

rel1ab111 t, and accuracy 1n the cOYered 1one1. 

The ba11c plan ot operation, tor th1 • aeries ot \ at.a, •aa to ue a 

tiDd-tuned receiYer on the Loran frequency uaed in the area ot t.h• fii&ht 

and to retranamt the Loran 11cnal rece1Yed on the frequency uaed tor tele­

meter1n1. A alas operat1nc co111Utatcr n• UNd to ni tch the tranall1 tt.er 

110dulat1on troa Loran r.peat to t~ llllt.1plex ar1eaded 1er1ea ot pul.111. 

Thia qltea would peraU, balloon altitude, temperature, am ot.her desired 

data to be tel-tered, •• •ll II to turn11h poeit.1on 1ntorat1on. 

At the p-ound rece1Y1QI 1tat1on, the Loran-axlulated 111na1 wae ccm­

nrted troa the balloon tran1C11tter frequency to one ot the Loran trequenciea 

and obaernd on standard u.~.N., Model DAS-1, Radio Navigation Equipaent. 

Th• poaition line, tor the balloon •ere then computed am plotted in the 

nonaal aamer. 

l. Equipment 

The receiver tor Loran aignala, which waa c r1ed by the balloon,, •aa 

prenoualy deacribed (Figure II-16, a,b,c) in thia report. Thi retranallia11"n 

trequenr.y chosen na 341S KC and a converter (Figure II-37) trom 3W.S KC to 

17S0 IC wa1 con&tructed mi used eo that the signal could be observed in the 

norllll manner on standard Loran 11'¥11ca tor equipment. 

(12) ,e1 an explanation ot the Loran ayatem design and opc,ration, see ":oran". 
Vol, 4, Radiation Lab. Series, M.I.T., llcGraw-Hill Book Co,, Inc• NYC 194B. 
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2. Ml\hocla ot TrwpondiDI 

Tttere are two prtnc1pal aethoda nailable tor the retranaauaion or 

Loran lipalaz 

(a) linear, 1n which the tranall1tter 11 aodw.ated •1th the e1gnal aa 

rec,1ftd llit.hout clippirw, llllitq, or other dut.orUon; and 

(b) 1trq-81pal triuer1rw, in which the t.ranlllitter 11 eodulated 

onl1 by 1ipal1 which exceed a certain preaeter1111ned ~lltude. 

Th• •thod (a) 11 capatl• or f\lrt11lhi~ an ,and.ut.ortea relay 1.t the 

Loran lipal at the balloon location. H011ever, the recener a&lt neces­

aarilJ haft 1utt1cient bandW1dth to preftnt d11t.c-rt1on ot the Loran pulaea 

(in the order of 7S IC) and, a• a reeult or thia band111dtlt requireaent, the 

no1N output fro■ ata,phenc• and art1t1c1al int.erterence Will be large. 

The noi• output fr• the receiver 11111 be retranalll tted, in a linear 1ysteaa, 

alon1 with the desired Loran pulses. 

A• the bandw1dth require•nt1 tor the balloon-to-~\md link are the 

■a• aa tho• from th• ori1inati~ Loran 1ta.-ione to an, ship or aircraft 

uai,w Loran na•igation, the peak ponr requirement• tor reliable reception 

are ••17 near].J the ••• 11 they are tor direct Loran at tlle aa• diat.ance. 

The peak pOlllr output tr011 Loran stations now in uae ia trom 100 to 1000 

kilowatt,. Aa the power require•nt tor tht 11• dbtance uaually 11 le• 

at lblS IC than at Loran tnquenciea, the power required tor thia type ot 

retranllli11ion would be at least 10 Kl peak tor tho aue coverage. 

For line-ot-aight reception or the signal fro■ the balloon, the power 

required would be low and this system should g1 ve reliable tixee with appro­

xillltel.7 the 11111 accuracy as an orig; nal signal at t.he balloon location. 
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"°"9Y91', tJII t.ranllllttar po111r requ1namt tor lq dUtuc• NOlpUOD 

~ar• to be HCHl1Yt 111tJI the po119r IO\ll'NI and traDlll1tter1 now IH.llabl,. 

The •thod deecribed umer (b) abon ha1 oertaa 1GYant,ap1 °"" 
•tllod (a) in that the IIIOWlt. or no1 .. retranlllltted 1111 be reduced b7 

cl1pp1nc the rec11Yer CNtput and by el1111natinl the 111td tor the exceN1H 

band•1dtll ulld in a linear 17ste■• lit~. a t.r1aer1ac 171tea, the original 

pul.1e1 are not ret.ranaaitted •• rece1•fd but IN \&Nd to 1111 t.1ate operat1aa 

ot a pGlN-pmra ti~ denc,' IUCh al I aonoetablt llllti Yi t«-ator' Which toru 

the aodulatinl waft-tora tor the trer.Ja1 tter. It 11 no lo,w1r necHl&l"J to 

preNrn the or1pftal pulN l1nct,t: epeciticationa 1n th11 171tea, 1t l•• than 

the orielD&l Loran accurac7 can bl tolerated. Tht budwidth ot the ,round 

rece1rins equpant -, be co1THponclinal1 reduced, With an increa• ot pul•­

ltnsth tzaoa tht tranapoader, and, con11ci-nt.11, the peak tranlait.ter powr 

requiNd tor Nliable reception 11 rtduced. (ll) 

Th.- principal objtctiOD to the aboYt 171tta 11 that the oripnal •"­

fora II receiftd at tht balloon location 11 not Hailabll at the indicator 

and thl operator ii not eal11J able to deteraine Which ot tht pul•• ot the 

ground-a•• am akJ-wa•e train 11 utililtd to t.r111•r th• transponder. The 

accuracy ot the hJperbollc lin11 obtained under thlN cunditiona ii conae­

quent.17 ••ry poor. 

). Tiet 1li&ht 

Loran tracking •• ulld on P'hght 82. The tlight wa1 launched betore 

1UD1et and btcauee or a twty balloon deacended about 2t hour, atter IWlNt. 

The ataoapheric noiee lnel on the date ot this flight was unu1uall1 

hi1h due to the presence ox' t.hundtr atol'III in the region. J)lting dqlight 

(13) S11 Appendix I, this Section, tor a diacuaeior, ot thia atate•nt. 
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hov1 tlw 1lrpaft lipl on 1950 IC troa U. At.lant.ic chain ot Lonn 1tat1ona 
unaersoe• a larp 1tte111at1on in the D-la,v and 11 rect1Yld hire 01117 
oeca■1onal17 and then •1th a ar11nal 111na1 at.renctJI. Becauae ot t.h11 
ettect, the tranapondtd Loran 111nala tor the first how- or the tlight "'" 
allloat totally wnl1abltt, alt.hou,h the tran111i111on link tl-o■ balloon to 
aro\md wa1 good. During,and art.er, IW\Nt the •1~nal tro■ the balloon umer­
•nt atrons tldi~ and was not ueable. 1',ia c~nd1 tion, along W1 th the ex­
c111he ataolpheric radio interference, contir.uecs until apprOXiuttly 0400, 
11 JulJ, GM!', at which ti• the a1gnal-to-nohe ratio began to 1nerease and 
it •• po111tl1 to recopuse Loran stations on the DAS-1 indicator,but the 
11pa1 •• not 1Ut't1c11nt,17 1ood for ti• readin,a. The balloon 100n dea­
cendtcl (OIJ&o OIIT) and ended the teat. 

The relUlt.1 (Pipre II•.38) from th11 teet tlight •re inconcluaiYt arxl 
the operation wa, not considered to be succea1tu1. 

4. ConcluaiODI 

HowtYtr, 10111 conclu1iona -, be reached co~enu~ the operation ot thia 
tracking 171t111. Th11e are baled on sneral gro\W.1 testa anci observations ot 
tranaponded Loran pulae1 wxler Yarioua conditions, aa well as theoretical 
conaiderationa ot the radio tranlll1111on paths concemed, the pulse shapes 
and bandwidth• 1nvo1Ytd, and the expected or desired accuracy. On the baeil 
ot the abov. factor,, the following concluaiona seem to be indicated, 

(a) Linear r1tran1ai11ion ot the signal (and noi•) output trom the 
bi.llwu receiTer i1 requuld tor trackin, in areas where the Loran 
gro\1111 wan 11 not, predo■inant and where there mq be lllltiple aq 
1raYH. Thia factor ie neceeeary tor proper pulse identification by 
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the opentar at \hi p-olllld 1taUon. Thia trpe ot tr...,_,in111 

DOl'lllllJ •nit.able, tor NUOftl pftn in the JftYiou cliacu111on, 

except, where the Nlq link to the p-ound ob•l'ftr 11 lhTt and N-

liable, 1.,. line-of•li&ht, 1n wt\ict, cue thl tranamt.ter po•r NquiN­

ant 11 108 and ftl'J little D01ae will be added 1n th1I t.rana1111on link. 

(b) tbter condi tton1 in Which the Loran 11pal.1 at t.hl balloon Nce1Hr 

con111t ot t.hl pound •n or t.h• t1r1t l-1Q9r •n onlJ, the 1t-r0111 

111na1 t-rigerq 11•"- -, be ulld. Th11 111tea 1J0uld be ,rr1c1ent. 

nth re1pect to th• uount ot 1qU1paent and mdulat1JW pOlllr requind 

to be carritcl - the balloon, aa pulae-tn,e mdul.at.ian can be ace~ 

plilbed 1n a l•-,,oNr ataae ot thl tnnla1 t ter. tbrner, it thl 

balloon-t,o.p-ound link,, onr l1Dl-ot-at1ht r-.,t.be output, J)(Jler 

requiru1nt would be larp anl111 pulN ltNtctt ~ and lOlllr bandwidth 

wre UNd. In th• latter ca•, the Nadinl accuracJ would nec1111rU, 

be reduced. Thia 171tea woud not,it 1N■1, be l\litable tor trackinc 

ballOODI o•er lone t.raJectoriea. 

(c) It the low frequency Loran(l.L) 171t1■ wre operat1,.;, th11 probl• 

would preNnt tewer d1tticult111. The pulae length• eaplOJ8d (200/' eec) 

in thi1 qstea are am.table tor retranaiasion in a narrow band (8 to 

12 IC) 111tea am, therefore, reduce the llllx1lna required power .rr011 the 

balloon tranam.tter. In addition, the various •kJ·••n and groum-waw 

pul1e1 OYerlq in thi1 171tea to fora a 11.Dgle pulse. Th11 coa:lit.ion 

allon the practical u1e ot a triggered tranaponding 17ste■ With all 

itl inherent adTantap1 without introducing a1 1111eh error aa in the 

standard Loran 17stea. Another advantage ot L.F. Loran ii that the ba• 

lines between stations are long and the stations are fewer, which conditions, 

(lh) L. F. Loran ie described in detail in "Loran" (same aa (9)). 
Apparently t,his system has been tried, but at pre aent there are no 
L. F. Loran systeu in operation. 
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Nlpl0t199l.J, aid 1n obta1Dinl accurate fial and red•• t,hl oo.luit1 

of t.he tran,poaded Ii pal• 

In naar,, t.h• renlt1 ot th11 1tud7 1nd1catt that, 1tandard Loran N• 

1Q1Jw 11, 1n pneral, not 1uited tor UH in balloon tr1Ckin1 Wllt11 the 

epeci&l conditiou of either a 1hort N~-link tro■ the balloon to the 

sround in:licator or a 1hort path tr011 a Loran triplet, to thl baUoon (a 

ltNdJ p-oud-•" •1cnal) &N tultilltd. It t.ranamtti• tqu.ipaent capable 

ot larp (10,000 nt\l peak) ponr output Wirt Otftloped alone nth 1U1table 

pa119r nppl111, t.ht relq link troa balloon to indicator could bl 1r1ati, 

i..,t.htmd. One alttrnati ft to th11 probl•• i1 to UN tranapondine tre­

quenciH in tht abort ftft repan ot the hilh trequeney band ( > 10 ac) md 

t1plo, •••nl tnold.• 1tat1on1 1uitab1J located tor lq-ranp reception. 

1. Radio Propaption Prtdictiona 

Som ct lit work done concerning radio propqation u applied to tel•• 

•tering probleu troa balloons waa prniouai, d11cu11td. (lS) Since the t:tae 

ot the last report, aome retine•nt1 and chqH have been ade in the compu­

tation ot predictions and the UN ot the radio propqation prediction data 

1Hued b7 . the Central Rldio Propagation Laboratory, lational Bw'elll ot 

Standarda, lalhington, D. C. 

1, Prediction ot D11turbed Condit.1ona 

In onier to i1'11n tho plan.'!!~ at particular tlighta, the "Adnnce 

Porecaet ot Radio Propagation Conditions" (CRPL - J eer1•■), iaaued bi--•kly, 

are util.iled in an ,ttort to a•oid long-range night• during period• ot die­

tur'bed radio propagation conditions. This sern0 • ot CRPL incll.des 2S,-dq 

adnnce torecast1 as well ae tor the tiret seven da71 alter iasue or each 

(lS) Pll)QRESS REPORT OM HIGH ALTITtl>E BlLLO<lfS, Volume V, p. VIII-3SS-)6o. 

conn.dential Intoraation 



\ 

( 
I 

CoaftdlDUal 

blallaUn. In ldd1'1on, the 1hon-t.era torecut and cums prapqat.1on 

condiUcm u broadcut bJ racho ltation m(l6) are aoaUored tor t.hl 

24 houn precedinc an expected lone-reap tli&ht., It. ~ .. been \he pract.1oe 

to aYOid flJinl when oomlit.ion •)• or l011er 11 IJq)lcted. 

2. Predict.ton ot Required Po_. and lllat.aaa Skip 

Thi •Buie Radio PropapU.on PNd1cUou• (CRPL NriH D, N.11.s.) tor 

Neb aoath 11 \lllcl to Mkl -., a Nt ot cune1 tor th• part.icullr -,nth, 

11Y1111 the predicM po111r requ1rt•nteCl7) tor uch hour ot t.hl dq tor 

nriou diltanc11 and trequenci11 ('1pre1 II-39, II..J&o, II-'il). The tre­

queaciH chONn are thoN cloae to a111ptd trequenciH tor th11 project 

(1. 7, ).S, 6.S, and 10 ac). Thi cm-n, art baNCI on a lkip point in the 

wit 10111 at 45° I. latitude. An hourlJ plot. ot allaiaaa 1k1p d11t.anc1 tor 

the• INqulacit1 (ucept 1.7 ac) tor each aoath 11 ade II an aid in dlter­

llin1nc the delired trequ.nc7 tor each tlisht in YilW or th• expected u.­
al ti t.ude t\mc ti on and llq)eeted lateral ft loci till (Figure II-1&2) • 

Thi predicted po119r require•nt tor a certain ti• and diatanc, 11 an 

anrap nlm tor tht ac>ntb and 11 not apected to acre• uact17 With ,x­

periMDtal data OD 1111 liYID da,. 

). IYaluation ot Predictiona 

It 11 ditticult to lllkl abaolute •a1UN•nt1 a! 11pl atrqth 111 thout 

apecial tquip111nt tor th.ti purpON. HOIIIYer, NYeral !light• or thil llriH 

were etudied to co.pare the predicted tilll ot 111nal failure With that 

act.ual].J realised. Th• r11ult1 ot thi1 atudJ are 1hown in Pigurea II-43, 

II-44, II-4S and n-46. In all ot the• charts a hori1ontal broken line 

(16) CRPL, National aartau ot Standards, "Description ot Radio Propagation 
Porecaet S.mcea, CRPL-RIS-2111 , Waebizwton, o.c., Oct S, 1953. 

(17) Baled on 3KC Voice coamunicationa with a zero db ee"1ce factor. 
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Pap II-318 
Canftdential 

11 UICI to lDdioat.l lhl 1.U.ted 1tllot.t.t1 ndiat.ed po111r. fldl 111Dlude1 

a taotor (NfflOI factor) llhiob 11 a tumtion of •• budlidtll of thl lipll 

and t.bl ,ttect.i.ft tiltenaa (tor ....,1., a 11• c. ,. lipl, •Ub 0171\al 

tilw-1111 1n t.he rtcl1t1r, lfflllld bl are Nli).J read than A t01ce-aadulattd 

lilDll wit.h t,be - 1nput lipal lewl at, t.h• NOlitV). 1111 e1t.1111te of 

t.1111 factor 11 one ot t.111 larl•t 10vce1 ot ~ in t.btae ooapariaon■• 

ID IICh C&N the AUapt1on -· ... that cm-halt (er -)db) of the nailabll 

lipal po111r al radiated. (lS) In IOa CAMI inYOlftd, the radiated pOlllr 

did not reaa1n conatant aa a111111d, bu\ decrealld a, a tun:Uon ot tilll be­

cau• ot drJ-batterJ d111ipatian IDd cool.iJw. Par Flilbtl 6lt 68 and 1/J, 

whln pl'iall'J codia, wu Ulld, an 1ttect1ft paser of +)lb •1 a11uad with 

• Nniot tact.or of +17db tor c.,. Codi, Tb• 1tt1otift peak radiated pOllr 

tor ru,pt, 90, Ulilll aaltiplax IDOOdins, al uauald to Ill +lledb and u 

lftiated llfflCI taotor ot +sclb ... Ulld. 

Thi IOlid 11111 OUl'NI OD thl oharta NpNMlt the pORr nquil'ecl for 

~ reoept.ian, •• would bl pr.dieted tor the local ti.. aholm and the 

COlft1pondins radio path lenetb<19) 1DY01Y1d 1D each particular fi1aht. 

'ftle UTOW and the wol'd1 •Ii.pal out" nur the end ot each plot imicate 

that at t,bl tilll iD queltion and under the conditiona ahown there wa1 no 

loncer • UNtul lipal NOliYed at Ile ,tat.ton iDYOlYICl. Bltore thil tiae, 

in each ca•, a UNflll 1ipal -· NOeiftd fro■ the bl11nn1JW ot the tli1ht, 

It 11 not, ,n•nt.11 po11ibl1 t,o Mkl a detailed e21>lanaticm ot t.h1 

ftl'iau r11ult1 knolm, In each ot the ca•• except night 68 (Fipr9 n-44) 

(18) SubNqu.ent ocaparative radiation te1t1 indicat. t.hat th11 tipre 11 not 

correct and the 101111 wre auch greater, 
(19) Thil 11 not lhown OD chart,. The path length in each CAN ... detel'llined 

•• a function ot local tilll troa tracking data Which included _picture, 

at the earth taken tr011 the balloon, theodolite tracking, am/or 11t1•te• 

or wind wloc1t111 at the appropl'iate altitude,. 
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Canftden\tal , ... II-319 

1111 diftl,_. bl-- 1111 Nt,illlt,ed nda led ,.. ud pNCli;..ecl NcpiNd 

Ndialed ,-.r at. t.111 t.illl ot lipal faillN wu le11 thin Sdb, wllich •alul 
lie• WiWD \be aonal i 6db nriat.icm upectecl ~ oft.bl u... (20) There-­
ton, UII oornlat.1oa 1n the• O&NI appun to bt reuamblJ sc,ocl. Al all 
of t.hl d1tf1rence1 bltlllNn pnd1ct.iona and 1ipal1 realised are ot t.hl -

11p, 1 t, appear, t,bat, the elt.1111\1 tor 1ttectiY1 radiated poaw •• too 

lllrp 1D uch caN. 

Thi poar qrNIIIDt. (lldb) bltwNn th• predicted requ.ire•Dt• and radiated 
pOIIW at, t.1111 of lipal failure 1n Flight 68 (F1cure II-1&4) -, po11ib1J bl 

uplaiDld bJ the fact, ttl'-t t.he predicted required pa1r1r Talue increued t.o a 

Tll• llit.hin t.hl noraal)J expected+ 6db •ariat.1oa wit.bin 15 mmate1 artier -
11pl tailm-.. Therefore a •all error 1D tM fiilht t.raject,orJ or a aall 
local •an&Uan in thl •D" 1Q9r ablorption would account, tor thla •••1Dll 7 
1arp ditterean. 

Alt.houp thl pOllr requim•nt pr9Clict.iona Mde 1D th11 aannar .., ahoW 

larp error,•' IZl1 part,icul.ar ti•, their •alue 11•• in ■hoWinl the aqrap 
nquiNcl J)OIIV tor the period of the prediction am enabl11 om to p~ide 

tor rupt equipaent With lllfficilnt bllt not 1xce111n ponr output. 

(20) PROO~ REPORT 01' HIGH ALTITUDE BlLLOOlfS, Voluae V, P• VIII-3S7, 3$9. 
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Pal• II-320 
CoDtldlnUll 

TIii n1at1on1bip, 1n a ccaeam-satlon 11na■, bl..- 11pa1-t.o-no1• 

ratio, banlllndth, allll intoraticm capacit.J 11 11wn bJ' SblmlOII'• ec,aa\10111
1 

C • I lolt (~) 
(1) 

whir• C 111ntoma\1on capac1t,J in b1tA/,-cJi 

I 11 baadw1clt.b of 11••· 1n t.hll caN (Loran pal••) d1•Arllinlcl 

bJ t.bl t1lter1DI in t,hl ialicator 171te■J 

P 11 atVIP 1ipal power at, indicator; ud 

I 11 •••rap D01N po119r at, 1Dd1cat.or (in th11 1i11pla exupl•, 

a111a1 t,hat, I • 10 , Ulen I • 10 W) • 

Proa lqat.iOD (l) • obtain 

; = (2c/•.1) 
(2) 

and, nb1t1. t,ut.\nl tor II, 

p. •o• c2cfw.1). 
(3) 

If .. DOW iaCN&N the length ot each transpandld Loran pulll IO that 

'1. kTO ' 

whir• k 11 a coutant-, 

(4) 

Tl ii Dl1f pul.N length, and 

T
O 

11 original pul.11 lln&th, 

• fA1 then readjuat the tilter• in the receiver-indicator 111tem lo that 

the baalwidth 11 ••ll•r and, •• a result, obtain a better eignal-to-noi• 

ratio than with thl 1l1cle-baDd filter■ 118CHAl'7 for the ori&inal pul■ea.3 

l Claude 1. Shannon &Ill Warren leaver, Th~ Mathematical Theory ot Coaunica­

tion, U ot Ill Prell, Urbana, 1949. 
2 P.i.Kackq, '!'he No•rx:lature of Intor•tion The , Transactions ot the 1.1.E. 

Report of ProcH nga, 11po 1111 on ora on T eory, London, Feb 195), 

) Chance, ffuleiser, 11acN1chol, 11111 .. , Electronio Time llea1urement11, Rad Lab 

Series, Vol 20, p. 199, Sect 7-13, llcOraw-Hill, N"w York 1949• 
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Cant1denUal Paa• II-3~i 

It••£~._. (u ii not. ala,1 U. cue) that, t1lt.er119 tor~ 

11pa1-to-aoi• n\io 11 ulCl in V\1 1.r. 11Plitler1 ot 111 notiftr, Ult 

bllllhndtll ... Will bl 1uch that 

I•!.!! 
T 

11 thl error in ... nre•nt ot the t.1• betWNn pul•• 11 prapur\& 1111 

\he ri• t1III ot the 11pa1, la aDd u the n • U• ot t hi plllat •• a 

Oil th• 1ad1catar ii inYVNlJ proportional to thl CM.. 

tilter, S 1 t -, bl concluded that \ht error in \ht U.. -•-..: 

cnaNd, in a DoiM-trN 111te11, when the IJBt,1■ bulchr1dtll 11 ....... 

( , 

An iDCNUI in error (or uncerta1nt7) ot the U.. ••nr••n\ oorr••or~n" 

to a decNaH 1n the capacit, -c• ot tbl 171t1a. flleNtcr• 1\ -, Ill lie 

that, in t.1111 particular call ud in an a111111d noi11-fnl 0GlldiU111, 

(6) 

low, if DOill 11 added to th• 171te■ (al 11 ala,• the Call), \ht intora­

t.ion capacit7 "C" 1a reduced or at leaat not increalld, With •• naa1n1._ 

con1tant. Thentore • obtain the 1nequal1 t.J 

in anJ real c••• 

C 
l~lo (7) 

Thin, 1ubnit11tiD1 Bqllation (6) iat,o the variable factor ot (3), thl 

inequal.itJ 

(8) 

11 obtainld. Al 10 11 a con■tant, • -, write (2'o-1) • B0 , a conatant, 

4 Ibid, P• 40, Sect 3,~. 
S 'fall17 & Wallman, VacaUII Tube ~litiere, Rad Lab Seri11, Vol 18, pp 88. 

274•277, llcOraw Rill, W.. foit, ~48" 
6 Where le,< oP, 11 there are detini te 111111 tationa on the •xillUa accuraq 

ot the 111&1111'1ng equipant, with perfect 1ignal1. 
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, s •. , •• ,. 

"" quan\1- .. 0. u • llmt1,. ••lla• and I th.,.., • &ndepeudeu\ " ' • 

blndllidUI •• flit D01N powr per c,al •N'>" 11 ob•1ouI1J not, t"'" t 

of blndwtdt.h. ThlNtore, under thl aboft ~ .ated cond1t,1onI tJ,e axi ■ 

,11111 ot a,vap pa11r rtquired 11 a linear 1 "".-.. -..u ..... 

Then, 11ab1Ut.u\1• tJ-011 F,quat1ou (4) and (S) into 1nequal1t7 (9), 

• obt.a1n t.he inequal1 t7 

( 1( 

o tt r ,llo• , t.ha~ ~ 1t t.hl Loran pulaee are increalld 1n lenattl (•111 1r­

reaNd) , t.he 1t1rap tr.:lllai Uld powv "''Y bl decreaNd it a corre1ponc i 

,.. ... tn bandwidth and U• •11ure•nt 1ccw-ac7 accoapaniH tht abo,, 
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