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Prêtaaê 

is a pilot I have bean long aware that the altitude limitation of 

the bercuetrio altimeter a is in the neighborhood of 100,000 feet, tut 

I vas surprised to learn that as jet no workable aircraft al time tar has 

been designed to operate at higher altitudes. When Mr. Paul Polisbuk 

of the Flight Control Laboratories at Vripht-Pe tier son Air Force Base 

suggested an experiment to investigate the use of a radioisotope as an 

altimeter, I became much Intrigued with this device as a subject for 

independent study. 

I aist say that without the guidance of uy advisor, Dr. George John, 

I would have been out of depth. As for Mr. Polishuk and his labora¬ 

tory, they were available for much needed help at any time, which I 

gratefully acknowledge. Mr. Laugle and Mr. Miller, foremen at the 

Xnrlroomental and Propulsion Altitude Chambers, respectively, were 

invaluable in their physical assistance as were Mr. Volf of the school 

shops and Mr. Misklmen, Mr. Hendricks, Mr. Haworth, and Airman First 

Class Mixon of the AF1T Physics Laboratory. 

Alexander K. Rupp 
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Abfltraot 

i 
The purpose of tMa iixveetigaUoa le to review all known aethoda 

that obtain density altiaetry fron the radiation of radioieotopes and 

to report wpon- the results of testing one of the nsthods, snail-angle- 

beta scattar, in an altitude chaaberThe nature, of tiw ppeblan 

requires that the range of density altitude to be neasured is fron 

100,000 feet to 300,000 feet, and within this range the saall-angle- 

beta-scatter al tine tar proves to offer a satisfactory theoretical 

solution. Final experinental construction of such an altlneter (aploya 

a 2/IO curie strontium^ yttrium^ source, the beta radiation of which 

is by an tubs shielded by lead and iron. After 

snail angle scatter in air occurs, the beta radiation is re-colllaated 

and detected by an anthracene scintillating crystal and associated 

electronic equlpnent. The count rate of the apparatus is a decreasing 

function with increasing altitude, and it is this observation that nakes 

the «all-angle-beta-scatter gage useful as an altlneter. Testing showed 

that final results in an altitude chaaber provide readable data fraa 

100,000 feet to 210,000 feet. In the conclusion it is noted that the 

saall-angle-beta-scatter-denslty altlneter is especially suitable for 

nounting in hypersonic aircraft because it sasples sablent air, requires 

no compressibility corrections, and can be located in fuselage areas of 

relatively low tanperature that require no special protection. 

▼ii 
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in nmtsTiorrioN or tee use of rädiöioh from 

UDIDI90TOFES TO »ttiSORE EBTSITT 1UIT01JE 

I. iBtrategtla 

Tb« parpóse of this thesis is twofoldi to discuss possible Methods 

of obtaining altlaetrj above 100,000 feet and to report on the theoretical 

operation, experimental design, and results obtained fron altitude chamber 

tests of one of the promising methods, smdl-angle-scatter of beta raya 

in air. The scope of the study is restricted to devices whose operation 

is based upon the interaction of radiation from selected radioisotopes 

with the a too sphere. 

A brief survey of the operational altitudes of several weapons 

systems, some in existence, some soon to be in existence, can be found 

in Appendix A. The F-104, 1-15, Mercury, Gemini, Dynasoar, and Apollo 

all exceed 100,000 feet in operation. In comparison, the limit of the 

present day barometric altimeter is 100,000 feet (Ref 6:4-3). The nature 

of the problem, then, is to fill the altimeter gap between 100,000 feet 

and 300,000 feet, the latter figure being the von Karman Line (Ref 20:28) 

which marks the end of the lift capability from aircraft control surfaces. 

The solution to this problem was successful to the extent that an 

experimental radioisotope density-altimeter did operate in an altitude 

chamber in the range of 100,000 feet to 210,000 feet. In addition, based 

on this study further improvements are suggested that may increase the 

measurable altitude range to above 300,000 feet. 

1 
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Th* foraat of th* Uzt le a* follow! Fir et, la Chapter II a mmj 

of all known wthode of wing radioisótopos for altlaoUra la md*, and 

th*lr adrantag*s and dlsadrantag** are Hated. Then on* of th* Mthode, 

8Ball-angl*-b*ta scatter, le a*l*eted for azperiaental etndjr, and th* 

r«asoné for this oholo* are oouaerated. In Chapter III th* theoretioal 

background for naan angla hrta scatter is lnf*stlgat*d, and a naans for 

graphically obtaining a theoretical b*ta cross section for scatter as a 

function of density altitud* Is reproduced and explained. 

In the next two chapters, IF and V, considerations that detendned 

the prellnlnary design of the eoqperlnsntal apparatus are discussed} the 

alterations of the prellnlnary design that resulted fron tests are 

explained; and the final design specifications are set forth. Finally, 

following Chapter VI which Is devoted to results, Infornation is given 

ln An»—1 concerning the altitude capabilities of all weapons erstens 

that operate within the range of this study, lb Jppundlx B Is presented 

the difference between true altitude, absolute altitude, pressure alti- 

tide, and density altitude, with special aphasia upon th* significance 

of density altitude for aerodjnanie flight. Appendix C is the calcula^ 

lion of th* theoretical count rate of a beta-scatter altlneter as a 

function of density altitude. The pressure altitude tables used in the 

altitude ohaabers are found in Appendixes D and E, while Appendix F 

gives a theoretical study of statistical error and altlneter lag error 

of the final axperlnental design. 

2 
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n. Types si &adialflfikM MUieWga 

ilnh* Source« 

lbsorption, in adaptation of the experisentai method of Geiger and 

Buttai for measuring the range of alpha particles In air is suggested fagr 

Wright and Hak«vessel (Ref 20:41) for acquiring altitude Information. 

If an alpha source is placed on the end of a metallic rod in the center 

of a glass bulb which is silvered on the inside and a high voltage is 

applied to the bulb and rod, a current will flow which is proportional 

to the amount of ionisation caused by the alpha particles passing through 

the air of the bulb. As the air pressure increases, so does the current, 

until all the alpha particles are absorbed. At this point further ioni¬ 

zation of the air cannot take place, and an increase of air pressure is 

without effect. At the point where the current rise ceases, which is 

labeled "Range Line" in 

Fig. 1, the alpha particles 

Just reach the wall of the 

bulb, and the bulb radius 

becomes the range at that 

pressure. This was the 

method of Geiger and 

Buttai (Ref 19:247). 

Since the range in a 

gas is inversely propor¬ 

tional to the pressure, 

FIG. I 

GRAPH SHOWING DETERMINATION 

OF ALPHA RANGE IN GEIGER- 

NUTTAL EXPERIMENT 
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Wri^it and Bakeveasel have suggested varying the source-to-detector 

geoaetry In order to && the "Range Line" and arrive at an indication 

of air density directly (Ref 20*41). The aonoenergetic characteristic 

of the alpha particles affords aathaaatical convenience and allows easy 

dlsorininatlon against background radiation, but the necessity of a 

movable platform aboard an aircraft presents very serious structural 

and technical disadvantages. 

Residual Benge. The Bragg Ionisation Curve is shown in Fig. 2 

for a Polonium alpha source, ï = 5.3 Mev, to picture how the ionisa¬ 

tion produced by the alpha rays increases at first gradually, then 

more markedly until it reaches a peak, after which it decreases rapidly 

to zero. It should be noted that the line BC is nearly linear and 

can be fixed with a great degree of anpirical certainty, while the 

pronounced tail of the curve 

is not nearly so certain, 

because of the difficulty 

of experimentally deter¬ 

mining points on an asymptotic 

curve (Ref Ilat69). A device 

which measures the residual 

ionization after the peak of 

the Bragg Curve has been 

designed by E. Schopper 

(Ref 16:2) and is shown in 

Fig. 3 on the following page. 

FIG. 2 

BRAGG IONIZATION CURVE FOR 
POLONIUM ALPHA SOURCE 

4 
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Tb* Brtgg Corrí ii drum igain to nlat« the position of the ionisation 

ohiaber to the residual (deoreiaing) ionisation curra. The prlnoiplt of 

ATMOSPHERE IONIZATION CHAMBER 

(after E. Schopper ) 

FIG. 3 

SCHOPPER S METHOD OF DENSITY DETERMINATION 
USING ALPHA RESIDUAL IONIZATION 

opention is that a rerjr alight Increase In ata» spheric density shortens 

the range of the alpha particles, shifts the Bragg Curre to the left, 

and reduces the ionisation current recorded. Precise ■aaeurenenta are 

possible because of the rery rapid change in current with a anall change 

in range. The Schopper nethod uses a vire window orar the entrance to 

the ionisation ohauber to prerent lona within, ■onentarlly uncounted, 

fron being sucked out by the Bernoulli lotion of the flowing gas stream 

outside (Ref 16i2), although *fc*t affect upon measured ionisation will 

be produced by supersonic and hypersonic gas flows is not yet known. 

If the residual-range altimeter is to be used in the non-linear 

5 
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regions IB or CD, oslitarstloa of tbs Inotraont is reqolrod. Of »oro 

sorioas ooneorn is tho dissdrantago that tha dnuity ranga oorared is 

—«n «lass a Tarlabla gaoBtixy is intradnoad, and this in tern brings 

abont serions aircraft structure and technical probloBS. 

finm^flit aacatt* In the fluorescent screen nsthod of density 

altitude naasuroMnt suggested by Sotanaaohar (Kef 14tl-5), a point alpha 

source is placed opposite the screen as pictured in flg. 4. The perpw 

diculsr distance beteeon the screen and the source is chosen so that 

vhen the density of the intenrenlng gas is equal to one (ifcieh can be 

uj reference density desired), the alpha particle range will just equal 

the perpendicular distance, and only a spot of the screen will phosphor, 

is the density of the gases decreases, the spherical surface idiiah 

represents the range of the alpha particle bean beoones larger. This 

transferas the fluorescent point into an erar increasing circle, since 

6 
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yàmmt th* alpha parUolaa atrlka th* sotm* It will floor«»**, All* 

b^aad th* rang* of th* «ipHa partiol** th* »or*«n r«aain» dark. Th* 

radlns of th* 111—iaat*d ar*a la a*— to b* a —amr* of th* rag* of 

th* «iph» partiol*« and» ooo«*qu*ntly, of th* ataospharlo gas dooaltj. 

D*t*otioB darlo* a for th* 1—laoo* ar*a oeald b* photo—Itlpllw tab*a 

or phototranalstors. This d*»lgn ha» th* adraatag* of no norlng porta 

and ai—llelty, bot lt do*a pr*a«ot th* probl— of roquirinf an «aor- 

BOttslj larga aer**n if ohangaa in danaltj of — to fcnr ordara of 

BBgnltad* ar* r*qair«d. Accuracy of th* *er*«n —thod woald b* aff*et*d 

at —all angl*a of Ineidano* (long ranga») by th* allait bnt dlaoamlbl* 

■oltl-anargloB of th* alpha partiol** (Kaf Uat47). 

âfl—A» «trahi ung SoPTCea 

Th* abaorptlon prooaaa of ga—a» x-ray, and bra—atrahlung radia¬ 

tion ia ao negligible In rarafiod air that it mqt ha naglactad (Raf 20:69), 

and th* oaafolnaaa of this proc*aa for an alti—tar la dcobtful. Work 

haa baan dona vaing soft x-ray abaorptlon to —a aura danalti** of air 

atr*a— in euparsonic wind tunnels, but th* adaptation of —oh highly 

apoclalised wind tnnnol equip—nt to an aircraft alti—tar la not con¬ 

siderad faaaibla for mi—rons raaaona1 (Raf 20*12 and Raf 4*92). 

Scattering of photons in air «bora 10 lerr depends only upon the 

free electron density, which ersn for dissociated ato— ia proportional 

^Tbe aajor objection to the Knight and Venable Method (Rof 7) is 
the require—nt for the addition of one of the rare gases, such as 
krypton, to th* eiratrean flow, which is 1—ossibl* In an aircraft 
alti—ter. Th* objection to the RICA procedure (Ref 4) is that the 
tige response of the device to pressure changes variée fron 5 nlnutes 
to 30 seconds, which is clearly unsuitable for us* as an alti—ter. 

7 
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to tho air donaltj; banco, tho possibility of islng gut*, x-ray, or 

broas Strahlung rodiotion for Bsosaring density altitudes in the 100,000 

feat to 300,000 foot region does exist. It baa been suggested that the 

6 1er x-rqrs from FeW aai the 3 1er brsns Strahlung fron a tritio» 

target are sol table sources of radiation (Ref 20i70). Is yet, no known 

photon-soattering-density altineter has bean constructed. 

Bete flourcss 

ittetmetion. The electron been probe for neasurlng gas densities 

has these decided adhrantagest it responds nearly exactly to density; 

it is not affected by the gas Telocity or turbulence, and not eran ty 

snoka, dust, or stean; it works at erery temperatura; and it has been 

successfully used in the entire pressure range fron 10 torr (one torr 

equals one na Hg) to 50 x lO“3 torr2 (Ref 13ill0 and Ref 5i273). Bean 

attenuation fron a gage constructed as in Fig. 5 relies on the fact that 

2 50 X 10”3 torr represents an altitude of 230,000 feet. 

8 
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thtrt is an «zponantlal radnetlon in the counting rat« with Incraaalng 

danaity. i typical raaponaa curra, plotting oount rate ra. danalty pQ, 

la ahown In Fig. 6. in interplay batucan tha arponantlal attanuatlon 

and the atatiatical fluctuatlona of tha radiation exlata, hoverar, which 

Uni ta tha uaaful 

accuracy of tha gaga 

to danalty naaaura- 

nanta orar a ranga of 

one order of nagnltode 

(for aunple, fron 

1000 torr to 100 torr). 

Since tha ranga 

required for a gaga 

operating within tha 

100,000 feat to 300,000 

feat region of tha 

atnoephare la fron 10 

torr to 10**3 torr, it 

can be understood that 

this nathod haa vary definite drawbacks for use aa an alt Inster. 

Backscattar. Two Boeing Aircraft engineers hare constructed an 

azparlMntal beta baokaoattar altlneter that has worked well fron 10,000 

feet to 66,000 feat (Baf lil24). The principal advantage of this altlne¬ 

ter is tha coapact geometrical arrangement of tha coaponsnta, which fit 

into a probe 30 inches long as ahown in Fig. 7 on the following page. 

FROM REF. 13:1 

FIG. 6 
00 

STRONTIUM RESPONSE CURVE IN AIR AT A FIXED 

DISTANCE FROM DETECTOR AS A FUNCTION OF DENSITY 

9 
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The particles leave the 1¼ 147 source and enter the ataosphere where a 

series of scattering collisions of the high speed radioactive particles 

and the air noleculea occur. A certain snail nunber of the particles 

are turned through 180 degrees by multiple scattering and then return 

to the detector where they are counted. As the density altitude 

increases, the nunber of air noleculea decreases; hence, the proba¬ 

bility of a 180 degree scatter occurring is reduced and the count rate 

declines, which is interpreted by the instrunent as altitude change. 

Another operational beta backacatter gage was reported on by 

G. Taylor of the Ançr Ordnance Special Weapons A—nnltlona Co—and 

in a classified paper entitled, "Nuclear Altineter," given at a 

10 
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ijapoBtiai at Véat Point» low lark, In Jano 1962. Hi« gßtß UMd th« 

krypton® .869 Mrr b«U u a aoore« and an argon filltd Ionisation 

ohanbor for tha daUetor. Moantad at Bararal pointa on a niaaila noaa 

oona his aonroa-dataotor units naasurad altitadas balow 79,000 foot 

with an aooxtraoy of 10JK. Taylor nantlonad that aarodynanio off acts 

fron boundary layar thloknasa war« signlfloant. 

Tha principal waaknasa of thaaa or any backaeattar gagas la tha 

Unit of dataetion aatabliahad by tha nolsa of tha datactor and 

alactronica. In ordar to ineraasa tha cross aaotlcn for aoattar, tha 

Isotop« is saleetad for a low bata «nargy (Pa 147 bata is 0.23 Mar). 

During tha ml tipia collision proeass tha alaetrons loaa nost of their 

energy. This requires tha gain of tha alaotronioa to ba kept high, 

which results in a high nolsa lovaij as a oonsaquenca, whan tha noise 

blocks out the signal fron tha returning alaetrons, tha davioa no longer 

functions. 

frtilakUjA Scatter. B. V. Sehunachar proposas a density gage 

using «nal 1 sngl t scatter fron a beta suittlng isotope which is baliavad 

will cover an altitud« range to 900,000 feat or higher (Ref 15:1). The 

gaga, shown in Pig. 8 on tha following paga, has two major components, 

the source and tha datactor. After tha beta source radiation is col¬ 

limated by a pin-hole aperture into a narrow beam, it passas down tha 

axis of a thin vallad tube which is open at both ends. The tube is 

tha anode of an ionisation chamber, proportional counter, or a Galga» 

Mueller counter. Assuming that no atmosphere at all is within tha tuba, 

tha beta rays will pass through the tuba without striking tha thin walls, 

11 
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•ad Xk» oount rat« vUl U Mro. If only a few ataoapharlo atcaa are 

preaant la tba tuba, mm of the baoi alaotrona will ohanoe to strike 

thaw and scatter Into the tobe vails. This is also shown In Fig. 8. 

Obviously, with an increase in the mmber of ateo spheric atoas (or 

Bolecules) present, the naher of electrons scattered and hence counted 

will increase as veil. Since the naher of atcau or nolecules present 

in a gas is proportional to the density, the arrangeant affords a 

staple way to Masare density change through a change in count rate. 

Belov the von Karnan Line at 300,000 feet, difficulties vlll he 

encountered in feeding aablent air into the hollow tube and in avoiding 

boundary layer and ocapressihility effects. It appears that the 

greatest usefulness of the Schumacher single-angle-acatter gage lies in 

the 300,000 feet to 500,000 feet range. 

12 
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CrltTia and Stlactloa R—n-Angla ScattT 

La Chapter II Mfreral aathods of altlantry war« disenaaad vhleh 

Md« um of radiations fron radioaotlra subatanoaa. Bovanrer, thar« 

r—Int the explanation of \ètj tha anall-angl«-b«ta-aoatt«r altiaeter 

was chosen to ba tha sabJ act of axpcrinental study io praferenca to 

on« of the other types. The reason for this vas that after eooparison 

of «ach nethod to six established criteria, the n—11 anglg hita 

scatter prooass appeared aost proalslng for father Investigation. 

The criteria used wäret (1) The altimeter should be light in 

weight, and (2) require little nodlflcation of airfrane structure. 

(3) The range of altlaetry read-oat should allow use in the 100,000 

feet to 300,000 feet regln«. (4) Al tine ter error caused hr aircraft 

notion should be alnlalsedj this specifically refers to errors from 

boundary layer, compressibility, and aircraft heating effects. 

(5) Changes In atmospheric ccnposltlon should not be reflected by 

the device; only changes In ataospheric density should be recorded. 

(6) Lastly, power requirements of the altimeter system should be low. 

The elimination procedure con slated of these seven major decisions: 

(1) Structural end technological difficulties accompanying the movable 

platform of the alpha-absorption gage eliminated it from further con¬ 

sideration. (2) The alpha-residual-range altimeter's Inability to 

measure over even Mail parts of the 100,000 feet to 300,000 feet region 

made it unacceptable. (3) The large screen required of the alpha- 

fluorescant-screen altimeter was not adaptable to aircraft design. 

(4) Genau, x-rsy, and breauStrahlung methods offered negligible 

13 
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MQsltlvltj ln rartfitd air. (5) loisa attending the beta-beckscatter 

altlaatara Halted their nsefolness to belov 75,000 feet, which was not 

Inside the altitude envelope required. (6) Experiments with beta-raar- 

attsDuation devices showed their utility was restricted to an order of 

magnitude density change wtiloh is not enough, hence their allai nation. 

(7) The single ruining method, email-angle-beta acatter, net all the 

criteria except that errors caused by aircraft notion were unknown, 

but seemed large. It was thought that collimation of the scattered 

radiation Into a detector geometrically positioned as In Pig. 18, page 48, 

so that the scatter volume was outside the boundary and shock layers 

would alnlmise the aircraft motion errors. Upon this basis experimenta¬ 

tion with small-angle-beta scatter was continued. 

14 
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III. Tktoftleal BASkflQZBBCl £fiC fiMÜÜbâBllt Scatter 

tnthaarford ^SA^ICifiS 

Th« bulo th«or*tle«l principal underljrln^ anj «xpcriaant using 

■Inglr-anglt scatter is th« classical Rutherford scattering foraula: 

where 

2-72 
0.8I39Z L SIN 6 D6 (1) 

differential crojs jccticn for 
scattering into the solid an^le 

2TT SIN 8 Oß with no 
chanfe in velocHy y 

E kinetic energy of the incident 
particle in Mev 

z 
Z 
e 

charge of incident particle 

charge of target nucleus 

angle of scatter fror, incident 
direction 

The atoado aodel of this foraila is a point nucleus with a charge Z 

repelling or attracting by oouloaà forcas the ineident partióle with 

charge a. With electron scatter in air, a equals minus one, and Z 

equals plus 7.2, a weighted average between plus 7 for a nitrogen 

atom and plus 6 for an oxygen atom. A graphical aid for understanding 
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the faroee tod trajeo tories involved is shown in Fig. 9. The orbit is a 

hyperbola for high velocities of the electron. When the negative electron 

passes dose by the positive 

núcleos, it is attracted and 

turned through an angle given 

by lq (1). Unfortunately, the 

picture is as yet inooaplete, 

because Rutherford's scattering 

ignores shielding of the 

unclear charge by the orbiting 

electrons, is a result, lq (1) 

■ust be nodlfied by the addi¬ 

tion of the atonic font factor, 

F(K) (Born's Approximation), 

where F(K) can be obtained from tables and graphs (Ref 2). This 

modification yiel 1.;: 
2 

D$(e)= 0.8139 sin e 06 

Some idea of the r.apnitude of the chance five‘r. to 

inclusion of F(K) to account for electron shielding 

-26 2 
10 CH 

(2) 

o$ (e) by the 
of the nucleus is 

giran ty the correction to the pure Rutherford Formula for scattering 

of 70 Kev electrons by gold stems. For a scattering angle of 20 degrees 

the oorrecUon is 25¾ (Ref 17*279). An important point is that in 

general as the energies of the Impinging electrons increase and as tha 
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atóale nabar of tha target atoa decreases, the shielding affect 

decreases (Ref 17:279). This al niai ses tha error va obtain If va 

neglect nj Ionisation layers in tha ataosphere (D, E, and F layers). 

Hora probable than elaotroo-elaotron collisions are collisions batvean 

the Incident electrons and the atoas of the atao sphere (Ref 17:278) 

so the presence of free electrons In the ion layers is neglected and 

only air atoas are assoned. The Rutherford scattering Is based upon 

atoado aodels, not nolecnlar nodels, which naans dissociation of air 

nolecules free Og to 20 or Rg 21 has no measurable effect 

upon the probability for scatter. 

In utilisation of Rq (2), no atteapt vas nade to Integrate the 

energy spectrum of the iaotope sources; an average energy was assumed. 

No corrections vare made for back-scattering of electrons free the 

backing material of the score«, and similarly isotope and self¬ 

absorption and source-window losses were not considered. Lastly, 

multiple scatter of the electrons in air was discounted, and It was 

assumed that each counted errat vas the result of a single scatter. 

The theoretical pfaysics that attends the actual situation, which is a 

complicated interrelation of ranges, attenuation factors, energy losses, 

energy spectra, and scatter, is outside the scope of this paper; but 

there are excellent theoretical studies available which give the 

answer to some of the questions. Papers by Lewis (Ref 8) and Spencer 

(Ref 18) are among these. The purpose of the theoretical discussion 

here is merely to discover if operation of a email-angle-scatter gage 

with a practical count-rate return is possible within the 1000,000 feet 

17 
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to 300,000 foot altitude regiae. For this purpose, tho graphical 

solution of ïq (2) by Bullard and Hassaj offers a conrenieot tool. 

Tboir solution giros tho resulta for all angles, atcaic numbers, and 

Tolooitios in a singlo curre (Ref 3:561) which is shown in Fig. 10 

on the following page. 

Theoretical Prediction gg flftetterlne Tnten«<tv 

The Bullard and Maaeej Cum is used to ooqpute the theoretical 

resulta in Appendix C, which determines the counts per unit 

function of density altitude, and thla is presented in Fig. 

Fron examination of Fig. 10a and Appendix C, variables that 

changed by the experimenter are: 

a) range between source and detector 

b) average energy of emitted particles through Isotope 

c) angle of scatter 

d) density of air. 

time as a 

10a, page 20. 

can be 

selection 
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17. D>«lm ai s—n-An«rl»-Sc»ttr 

££SllalfilCZ fiUlffi 

This Motion dlacusses the fundwentel characterlstios of each 

component of the altlaeter that eoat affected the «ariy design. 

lactone. In using radioactive isotopes, only certain energies of 

particles are available, and most are in the Mev range. The lower 

energies are desirable because the probability of scatter increases as 

the energy decreases. In addition, the radiological health hazard is 

less severe. On the other hand, beam attenuation plays a larger role 

in the low energy spectra, and this effect raises the lowest altitude 

at which the device becoass usable. Daughter decay products aist also 

be considered. For exanple, if a beta eaitter decays into a gansa 

emitter, the gama radiation must then be shielded against or eliminated 

from the counting circuit in some way, since the gama rays would other¬ 

wise decidedly affect the counting of the beta causing a high background 

count. Cost, half life, and availability are other factors to study 

with care. Cost in itself may be the determining factor in the final 

selection, because the price of beta emitters ranges from $4,000,000 

per curie (for calcium45) to $2 per curie (for cerium144) (Ref 10j81 and 

Ref 10t8S). 

ggjjjjg. Two major considerations Influence sccrce design. (1) the 

requirement for a thin window, and (2) the need for vacuum operation. 

Figure 11 on the next page shows that 1)065 inches of aluminum completely 
90 

stopa all 0.2 Mev electrons, the average energy of the strontium 

21 



G^Pigrs/62-13 

22 



ga/fW62-1 3 
spectruB; th«refore, a window of .00065 Inches of aluminuB permits 

90 
passage of one-half the original number of strontium electrons. 

Vacuum operation places additional restraints upon source construction. 

In order to avoid the forces generated by rapid pressure changes during 

climbs and descents and at the saw tive to permit thin window construc¬ 

tion, the isotope backing material must be pressed against the isotope. 

No space can be permitted between isotope and window, and the source 

then must be evacuated and hermetically sealed. 

Source fifllliltag. The purpose of the source collimator is two¬ 

fold! first, to collimate the beta rays into a thin beam which will 

allow the detector to receive small-angle scatter without direct beam 

interference; and second, to minimise brems Strahlung radiation through 

the correct choice of material for shielding. The innermost part of 

the source collimator should be of low density material which gives 

off the least amount of bremsStrahlung, and the outermost part should 

be constructed of the most dense material practical in order to shield 

out the bremsStrahlung radiation that does occur. Failure to provide 

proper shielding will cause high background and reduced sensitivity 

from nondiscriminatory detection devices and will present serious 

health hazards in the case of high energy sources. 

Da tec tors. Five «sin beta ray detection systems are in use today« 

ionization chamber, proportional counter, Geiger-Mueller tube, scintil¬ 

lators, and solid-state detectors. Selection of a suitable detector 

for use in the altimeter is determined mainly by counting rate require¬ 

ments and geometric limitations of the aircraft. Energy discrimination 
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in th* counting process, a property of the ionization chanber, is not 

necessary since th* parpóse of the detector is to record nuabers of 

events and not energies involved. Both Geiger-Mneller tubes and pro¬ 

portional counters can be constructed in a arriad of shapes* needles, 

cylinders, parallel-plates. Placaaent within th* structure of the 

aircraft should be easy, and these counters nay offer th* only possible 

solution in practice. Maxim count rate acceptance for the propor¬ 

tional counter with one percent loss is 20,000 counts per second 

(Ref 9*155). Xven lover in naxlm count rate is the Gelger-Miellcr 

tube, which has a dead-tine about 500 tines that of the proportional 

counter (Ref 9*155). 

The three detection netbods discussed so far have all been gas- 

filled chanbers, which when operated in near vacua pose structural 

problsns because of th* pressure differential. This disadvantage does 

not exist in the next two nethods. If count rates in the range of 

100,000 counts per second are expected, the scintillator is a possible 

choice. Most scintillators have response tines so short that the 

resolving tine for the detection systen is deternined not by the 

scintillator but by the electronio salifier or scaler. A limitation 

of th* scintillator is its inability to detect low-energy betas, and 

for this purpose the proportional counter has better resolving powers, 

prividing a thin enough window can be constructed. 

Solid-state devices have now been developed to such an extent that 

they are, in soné respect*, superior to scintillators for beta spec¬ 

trometry (Ref 17a*53). The semiconductor detector is essentially a 
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solid-stat* ionization chanbar which in addition to Untar rasponea to 

bata anarglas has the wall known advantages of all solld-stata davicas: 

small sisa, rapid rasponea, minimal circuitry, and a low excitation 

energy (one-tenth that of gas counters). 

First Experimental Design 

90 90 
Isotope. Strontium yttrium was selected mainly because of its 

availability in the laboratory; it is not the best choice because the 

high energy betas emitted reduce the probability for scatter. The decay 

characteristics (Ref 10:139) are: 

Sr90*y90 +0.61 Mev (9 noX (Ti/2 = 28 yrs) (3> 

Y90 *Zr90+2.I8 Mev ß no^ (i 1/2 = 64.2hrs]*0 

3 
Source. The 213 millicurie isotope is housed in a medical eye- 

applicator meant to be used for removal of cysts of the eye. It can be 

operated in high vacua if special precautions are observed since it is 

hermetically sealed in a stainless steel cylinder. Figure 12 on the 

following page shows an outside view of the euuru«, plexiglass band 

shield and handle, which together with a wood box with a lead and steel 

shield for storage are commercially available from Tracer Lab. 

^Computed on 27 July 1962. 
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Source nnnirütor. a half-section view of the source colliaator 

with dimensions and materials is found in Fig. 12. To afford shielding, 

the aluminum cylinder was supported in the iron pipe which was then 

filled with 1 11/16 inch thickness of lead. This amount of shielding 

would not be necessary in actual use, but was included in the laboratory 

design to permit long exposure to personnel at short ranges with no 

harmful effects.4 A 5/16 inch graphite plug, removed after the pouring 

of the molten lead was completed, provided a continuation of the center- 

drilled hole in the aluminum through the lead. This arrangement gave 

1 inch lead shielding over the face of the aluminum collimator to protect 

against bremsstrahlung in the forward direction. Failure to provide 

lead shielding in front necessitated redesign of an earlier collimator 

after it was observed that changing the scatter angle from 10 to 40 

degrees did not measurably affect the count rate in atmosphere. The 

beta scatter counts had been masked by the weh higher uncollimated 

bremsstrahlung radiation. 

Detector r.nT 1 iwtnr. Figure 13 on page 28 shows a half-section 

drawing of the detector collimator, which consists of two aluminum pipes, 

the smaller of which is concentrically supported inside of the larger by 

two aluminum spacers. Originally, the spacers were manufactured of 

cardboard; the result of this poor design is reported on page 46. Not 

shown on the drawing is the 1/2 inch thick, 12 inch long removable lead 

shield that can be placed around the outside of the detector collimator 

4 
Cutie Pie measurements at the side of the source collimator read 

0.7 milliroentgen per hour. 
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in the Ticinity of the cryetel to protect againet unwanted radiation. 

The purpose of the detector collimator was to limit the scattering 

volume to a volume containing only ambient air and to minimise the 

effect of aircraft boundary layer and shock wave patterns. That these 

effects may be considerable is indicated by Taylor's experiment (See 

page 10), which included 10¾ altitude errors attributed to the boundary 

layer. In addition, aerodynamic theory predicts a widening of the 

boundary layer with increasing altitude until in the vicinity of the 

von Kansan Line it becomes of infinite thickness and is no longer 

discernible from ambient air. Detector collimation as a means to 

minimize the boundary layer problem experimentally reduced the count 

rate 17 times from the uncollimated count rate because the detected 

scatter is limited to that small volume in ambient air seen through 

the detector collimator. 

Detector. The detector selected was a 1 inch diameter anthracene 

crystal, which in Pig. 14, page 30 is seen in exploded view with the 

aluminum foil reflector, light pipe, photomultiplier tube, and photo¬ 

multiplier tube vacuum box. The 3.55 mg/cm^ aluminum foil reflector 

provided a light tight cover over the ends and sides of the crystal, 

light pipe, and photomultiplier tube and was still thin enough to allow 

passage of beta rays greater than .048 Mev. Use of a light pipe pre¬ 

vented trapping of light in the anthracene and spread the light over a 

larger area of the photocathode of the multiplier tube (Ref 9:155). 

Coupling of the light pipe to the photomultiplier tube was done with 

Dow-Corning 200 high viscosity silicone oil, and adhesive tape was 
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wrapped around the outside of the entire assembly to prevent slippage. 

The photomultiplier tubes employed were the CBS 1002 and the Dueont 6292. 

«ot.ronifíw. Below are listed the model numbers and manufacturers 

of the electronic components used In the experiment: 

Component HflMfKfrtfg 

Pre-Amplifier 

Amplifier 

Ratemeter 

Ratemeter 

High Voltage Supply 

High Speed Scaler 

Recorder 

Photo Tube 

Photo Tube 

Radiation Counter Lab, Inc. 

B. J. Electronics 

B. J. Electronics 

Baird Atomic 

Atomic Instruments Co. 

Baird Atomic 

Veston 

Colnbla Broadcasting System 

Dumont 

Mriri Mh* 

A1C 

DAD 

DM1-D 

412 

312 

134 

6701 

1002 

6292 
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V. Tasting 

Initial Taatlng 

âfrMHhflP Taatipg- Th« parpóse of th« initial ataospherie tasting 

was to datandna th« affacta of range and angl« of scatter variations 

upon the oount rate as veil as to cheek the proper mating of all elec» 

tronío and physical components. Experimentation always began with bore¬ 

sighting the oolliaators. Both detector and scarce collimators were 

mounted on optical benches which gave horIsontal fore and aft travel, 

vertical travel, and aslaith changes. The fronts of the two collimators 

were first set facing each other and the distance between them was 

sc a sur ed for range determination. With the aid of a flashlight, a man 

stood at the recess end of the source collimator and visually adjusted 

the height and direction of the two collimators until he could perfectly 

see the anthracene crystal target. Bore-sighting completed, the source 

was manually transferred into the collimator and the plexiglass hand 

guard was taped to the rear of the collimator. The procedure outlined 

here preceded all the following experiments. The atmosphere testing 

continued with runs at 0°, 10°, 20°, 30°, and 40°, all at minim»« range 

to reduce the attenuation losses. Changes in count rate with the 

changes in angle are shown in Graph I on the following page. 

Environmental Chmhar Tests. The next series of experiments took 

place in the Environmental Altitude Chamber at Uright-Patterson Air Force 

Base. This extremely large chamber was chosen for early experimentation 

because its large sise would minimize background count from backscattering 
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of betas froa the ehaaber vail and the associated bremsStrahlung. Later, 

an experiment proved that in auch a ehaaber, vail effects vera negligible 

(see page 39). 

The ïnvironaental Chaaber has an inside disaster of 18 feet and head- 

roon in the center of 17 feet. Alongside is a 6 1/2 foot disaster, 

6 foot long airlock. A 15 ton nonor ail hoist reaores the top of the 

ehaaber —Hug the entire test space of 3600 square feet available for 

entry. Nine Mechanical vacuum puaps rated at 340 horsepower total provide 

the punping aystea. Additional chaaber facilities are electric heaters 

and air conditioners (temperature range is minus 90°P to plus 212°P), 

internal electric power, an oxygen breathing systen, and innerphone coa- 

minio étions. 

Before beginning the experimente In the Environasntal Chamber, it 

vas necessary to pressure check the scares to determina if it could with¬ 

stand a vacuum and to determine vhat a safe climb rate night be. To do 

this, the Air Force Institute of Technology Physics Laboratory technicians 

built a glass chamber, a tube 18 Inches long and 3/4 Inch In diameter. 

Into one end, which vas closed, they placed the source and to the other 

end claqied a rubber vacuum hose connected to a mechanical vacuum pump. 

Floodlights illuminated the source, which was observed from a safe distance 

through a telescope. The rubber vacuum hose was clamped In such a way 

that if any *«ig<ng or other sign of <»p«afMMng failure, or actual failure, 

of the source occurred, the area of contamination could be restricted 

to the glass container and the vacuum hose forward of the cla^). It was 

thought that a pressure change rate of 25 torr per minute would be 
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rttsonabla. This procedure vas follovad to the 1000 alerón rangs and 

nothing changad In ths appearance of the source. Descent vas at a 

pressure change rate of 50 ton* per minute, again vlth negative visual 

results. Vlpe tests vere negative as veil. Accordingly, for the entire 

series of altitude experiments, the source vas not ¿lloved to climb or 

to descend at a rate faster than 25 ton* per minute. Faster rates may 

be possible vlth this source; hovever, no tests vere made to establish 

them. 

The first Environmental Chamber test had as its purpose to find out 

if a measurable change in count rate occurred as a function of altitude 

and to determine the experimental variation of counts as a function of 

scatter angle. The high voltage (920 volts) arcing in the photo tube 

voltage divider which occurs at altitude limited these first runs to 

25,000 feet, and this lov altitude permitted the author, equipped vlth 

an aircraft helmet and oxygen mask, to remain in the chamber to change 

the scatter angles. The same experimental setup existed as in the 

atmospheric tests, except that now the high voltage, signal lead, and 

ground lead pierced the chamber vail through a nipple sealed with vacuum 

putty. This arrangement allowed all the electronics except the photo¬ 

multiplier tube to be operated and monitored from the outside. After 

optical alignment of the collimators (see page 32) at sea level, runs 

vere performed at stabilised altitudes of 5000 feet, 10,000 feet, 15,000 

feet, 20,000 feet, and 25,000 feet. The altitude pressure table used is 

^Thls corresponds to an initial climb rate of 1000 feet per minute. 
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reproduced In Appendix D. At eech eltitude, the author «anually adjusted 

the scatter angles trm 5 degrees to 14 degrees. As predicted, the 

count rate change with altitude and scatter angle increases was apprecia¬ 

ble, sad the observed results are published on Graph II on the following 

page. 

In order to reach 160,000 feet (1.08 torr), the practical liait of 

the Environuental Chauber, the photosultipiler tube had to be aodified 

to avoid high voltage corona discharges at low pressures. This was done 

by encasing the base of the photomiltiplier tube with a brass cylinder 

closed at one end except for a nipple, and open at the other end except 

for an "0" ring (see Pig. 14, page 30). Insertion of the photo tube 

into the brass cylinder and pulling the three (3) electrical leads 

through the nipple completed the »edification except for sealing. The 

•^O" ring fitted snugly around the base of the tabe, and to seat the ring, 

a copper washer was placed inside the brass cylinder forward of the •'O" 

ring. Then Scotch, glass-fiber-reinforced, tension tape was laid across 

the length of the cylinder onto the glass part of the tube, making it an 

integral whole. Over the tension Upe black electrician's Upe proUcted 

the ailtipller tube frc» roo» light. Two felt gaskets fitted the brass 

cylinder into the outer aluminum detector collimator. Lastly, a poly¬ 

ethylene tube of 3/4 inch diaaeUr connected to the nipple provided a 

passage for the three (3) leads out of the chamber and for the atmospheric 

air into the base. This allowed the base of the photomultiplier tube to 

be at atmospheric pressure avoiding the arcing, while the source and 

anthracene crystal remained in the evacuated region. 
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During the second gnrlronaentel Cheaber test, the Unit of the 

ratweter count rate of 200,000 counts per ulnute was exceeded. In 

order that «ore data might be gathered, the high voltage input to the 

photaeoltipiler tube was reduced to lover the tube efficiency and the 

base Uno of the amplifier was Increased to eliminate low voltage pulses. 

The results (see Graph III, page 39a), while erratic, indicated an attenua¬ 

tion process from 60,000 feet to 140,000 feet rather than a scattering 

phenomenon since the count rate increased with increasing altitude. The 

predicted result would be a decrease of counts with an increase in alti¬ 

tude. Inspection of the geometry of the source and detector shoved that 

possibly primary beam betas were striking the end of the detector col¬ 

limator causing bremsStrahlung. It was noted that after initial attenua¬ 

tion of the beta beam had occurred at and up to 90,000 feet, the 

bremsStrahlung would tend to be constant with increasing altitude, which 

would have the observed effect of leveling the count rate to asymptoti¬ 

cally approach a constant value. Another possibility that had to be 

explored was the possibility of backscatter of beta particles from the 

chamber wall and the associated bremsStrahlung striking the rear of the 

detector; Figure 15 on the following page illustrates this. The effect 

of this process would also be to level the count rate after Initial 

attenuation had occurred (hiring the climb. To eliminate the last 

hypothesis, the following experiment was performed. 

An ■imniriHi target 3' * 3' * 1/4” was attached to the chamber wall 

in an optical line with the direct beta beam radiation. In order to 

protect the detector from whatever brems Strahlung might occur, 2 inch 
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thick liad bricka wer« stacked in a bank to coiçletely shield the lina- 

of-sight fro* the target to the rear of the detector, as shown in Fig. 16, 

page 40. If the source-detector geonetry was unchanged and the 

altitude runs were repeated with the aluminum target and lead bricks in 

place, identical count-rate profiles would be recorded as before provided 

the wall scatter effects were negligible or nonexistent. As it turned 

out, the experiment showed that wall effects could be discounted. 

Therefore, it was thought that fringe primary beam electrons were 

striking the end of the detector collimator and this impingement resulted 

in enough soft x-rays to mask the scattered electron counts. Increasing 
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th* rang* b*tw**n source and d*t*ctor and widening th* angle of scatter 

would overcome this defect; therefore, the range between ends of the 

collimators was changed from 17 inches to 49 7/8 inches and the angle 

scatter changed from 5 degrees to 10 degrees. These improvements pro¬ 

duced the desired result, and useful altimetry was obtained from 100,0 

feet to the limit of th* chamber, 160,000 feet (See Graph IV on th* fol¬ 

lowing page). Comparison of Graph IV, page 41, which is the actual 

change of count rate with altitude, to Pig. 10a, page 20, which is the 

theoretical change of count rate with altitude, shows reasonable 

similarity; and the discrepancies between th* two are explained in 

Appendix C. 
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The rise in count rate during the initial climb to 90,000 feet 

is caused by a reduction in beam attenuation which permits more 

electrons to reach the scatter volume. Above 90,000 feet very little 

change in attenuation occurs, and the scattering process predominates. 

As the altitude increases and the density decreases, the number of 

scatters also decreases, lowering the count rate. The combination of 

the two processes of attenuation and scatter produces the rise and 

then the fall of the curve shewn in Graph IV. The theoretical dis¬ 

cussion of this curve can be found in Appendix C. 

Error as a result of various climb rates and statistical fluctua¬ 

tions is discussed in Appendix F and is summarised for the Titan booster 

climb profile on Graph IVa, page 43. This total error varied from 

3,000 feet at 100,000 feet to 8,100 feet at 160,000 feet, an average 

absolute error of 4$. 

Final Design and Propulsion Chamber Tests 

A much higher altitude facility than the Environmental Chamber is 

available at Vright-Pattereon Air Force Base. The Propulsion Laboratory 

Chamber, an 8 foot diameter, 2b foot long tank, is used for testing ion 

engines in the 750,000 foot^ range. This extremely high altitude in such 

a large tank is made possible by two 32 inch diffusion pumps, a 10 inch 

diffusion pump, two Stokes pumps, and one Kinney punp. The facility was 

built in 1956 and was the first such large chamber In the world known to 

operate at such high altitudes. Since 1956, the chaaber has been improved 

6 _6 
This corresponds to 10 ton*. See Appendix E for pressure and 

equivalent altitudes used in the Propulsion Chamber. 
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vitb the addition of a two-stage cryogenic pup using liquid nitrogen 

and hydrogen. This Bakes possible siaulated conditions up to 1,000,000 

feet.7 

The first Propulsion Chanber run had as its purpose to determine the 

altitude the equipment could reach without further aodification. 

In order to adapt the equipaent to the new chaaber, one change vas neces¬ 

sary: construction of a vacuum box for the pre-aap as shown in exploded 

view in Pig. 17, page 45. Without a co^llcated stand to support the 

optical bench near the side wall, the closest the photoultipller tube 

could be to the wall outlet was 4 feet, too long a distance for the 

unamplified tube signal to travel without unacceptable line-loss. This 

long distance was avoided by aanufacturing the vacuu box for the pre- 

aap, placing it in series with the vacuu box for the photoaultipi1er 

tube base, and supplying atmospheric pressure air to both the pre-aap 

and the tube in the chamber. Three-fourths inch Inside diaaeter tygon 

vacuu hoses were used as connectors and passageways for the high volt¬ 

age, signal, and ground leads. Otherwise the equipaent remained the 

sane as before. 

During the first Propulsion Chaaber run, difficulty was experienced 

in comparing vacuu readings taken from a McCloud gage and a Phillips 

gage. The Phillips gage consistently gave a ouch lower reading than 
g 

the McCloud gage at pressures below 1000 nierons; hence, it was not 

definitely possible to establish the chamber altitude. In order to 

7 _7 
Corresponds to 10 ton*. 

8 
1000 odcrons Hg equals 1 torr. 
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obtain quantitative data, however, pumping vaa allowed to continue until 

at a pressure of 50 microns (measured on the McCloud gage), a sharp 

clear blow on the side of the chamber was heard and simultaneously all 

pressure instruments showed a sudden increase. The chamber personnel 

visually determined by means of chamber portholes that the detector col¬ 

limator had blown apart. The source appeared intact, but the four-pound 

inner ■’imiimiw collimator lay on the floor approximately 15 feet 

opposite the still intact outer collimator, and the glass taped portion 

of the photomultiplier tube was imbedded in the wires of a conical 

cesium collector (part of an ion engine apparatus). A rush of air 

into the chamber could be heard, and it was observed that the multiplier 

tube vacuum box had been blown out the rear of the outer detector 

collimator and was hanging down supported by the tygon connecting tube. 

Radiological tracer equipment showed no area contamination outside 

the chamber or in the pump oil sumps, and had contamination existed 

inside the chamber, the flow of intake air during descent was thought 

to be sufficient barrier to prevent outside contamination. Normal 

descent was completed in about 45 minutes. Examination of the chamber 

door sill, floor, and the source holder and optical stand showed no 

unusual radiation. Removal of the source from its recess was effected. 

Wipe tests of the source window, sides, and back were negative. 

Reconstruction of events showed that under a high vacuum, probably 

Kf4 torr (the McCloud gage was proven inaccurate during later experi¬ 

ments), the tension tape securing the photomultiplier glass enclosure to 

the brass vacuum box had broken under a force of 104 pounds. The 

46 



GA/Phys/62-13 

ataospheric air behind the tube then propelled the glass portion forward, 

and the base backward, so that the anthracene crystal and light pipe 

butted against the inner detector colllaator. In turn the inner col- 

llaator, held in the outer collimator by unsecured cardboard spacers, 

became a projectile aimed by the outer collimator and shot across the 

chamber striking the wall 15 feet distant. 

This failure necessitated a corrective redesign of the vacuum box 

and inner collimator. The brass seating ring was fastened to the vacuum 

box by four screws and the ■'O" ring was forced up against the phenolic 

of the photomultiplier base to couplet« the reinforcement. The final 

construction is shown in Pig. 14, page 30. In the event that this 

arrangement should also fail at the phenolic "0" ring Innerface, the 

inner aluminum collimator was secured by metal spacers and screws to the 

outer collimator which in turn was rigidly attached to the optical 

bench. The final assembly is pictured in Fig. 18 on the following page. 

Outgassing errors caused by the rubber vacuum hose of the McCloud 

gage made it unreliable below 1000 microns Hg. Complete reliance was 

then placed in the Phillips gages with sensors inserted directly into 

the chamber. An unexpected level off in count rate occurred at 175 

microns mercury, and further pumping of the chamber to the 10 ma range 

resulted in no change in count rate (See Graph V on page 49); hence, 

the effective upper limit of these components was about 210,000 feet. 

A repeat experiment, identical but without the detector collimator 

encasing the photomultiplier tube, resulted in the same shaped count rate 

profile elevated sizably in magnitude with the same level off point 
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at 175 microns Ug. To determine from which direction the constant 

radiation at 175 microns Hg and below was being received, two additional 

experiments were performed. The first experiment used an aluminum tar¬ 

get in front of the chamber wall and lead screens protecting the rear 

and sides of the detector, and this showed no change in count rate from 

the previous run. Lead bricks placed in front of the detector with the 

sides and rear unprotected showed a steady zero count rate at all alti¬ 

tudes; thus, the combination of the two experiments proved the radiation 

was frontal. Since the unwanted radiation was markedly affected by air 

attenuation at lower altitudes, it indicated beta, not bremsstrahlung, 

radiation. It was hypothesized that a direct beam low energy penumbra 

existed outside the primary or high energy umbra beam of beta radia¬ 

tion, which was attenuated at lower altitudes but strong enough at 175 
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In order to check this possibility, a copper shield vas built which 

could be used to trausuit, the direct beau while at the saae tiae block 

The Propulsion Chamber was not available for this test, and the inves¬ 

tigation for penumbra radiation has not been completed. 
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VI. Important Results UÚ Conclusions 

After a review of all known methods of obtaining density altimetry 

from devices utilizing radiation from radioactive substances, the small- 

angle-scatter of beta particles from the atmosphere was considered as 

being most promising for experimental study. The completed beta-scatter 

device, shown in Fig. 18, page 48, provided altitude information from 

100,000 feet to 210,000 feet as demonstrated by tests in the Environmental 

Chamber and the Propulsion Chamber and as recorded on Graph IV, page 41, 

and Graph V, page 49. The theory did not predict the leveling of the 

count rate that occurred at 210,000 feet (175 microns), and if the reason 

for this phenomena could be determined and the leveling eliminated, 

extrapolation of Graph V shows the beta scatter device to be capable of 

measuring altitudes in excess of 300,000 feet. The penumbra radiation 

hypothesis for this phenomenon has been suggested as well as experiments 

to validate this hypothesis. 

In conclusion, it is stated that: (1) The beta scatter gage has 

been experimentally demonstrated feasible as a density altimeter to 

210,000 feet. (2) Theoretically for a Titan boost mission the altimeter 

will indicate an average 4¾ absolute error in the 100,000 to 160,000 

foot range. (3) The experimental design, modified with miniaturization 

of electronics, is deemed applicable for aircraft installation. (4) The 

device is velocity and temperature independent, tait the effect of 

boundary layer thickness and shock wave fronts upon the final count rate 

is not known. (5) The design has included detector collimation in order 
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to sABiple sablant air and minimise the boundary layer and shock front 

effects mentioned above. (6) Probes and location of the device in the 

re-entry high température areas are not necessary; the device may be 

located in the fuselage or other relatively low re-entry tauperature 

area. (7) Experimentation with a higher strength source as well as a 

source with a lower energy spectrum seeas to be a logical continuation 

for development. Specifically, a 2 curie strontium source and a 

promethium147 beta source (E^ = .22 Mev) are recomendad. Consulta¬ 

tion with aeronautical and electrical engineers for an experimental 

design to be tested on a rocket nose cone or an X-15 aircraft is suggested. 
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Appendix A 

ÜC M Spacecraft Operating aî 1QQ.QQQ Altitude ud Abe ye 

Three operational aircraft have approached or exceeded the 100,000 

foot altitude. The Navy A3-J Vigilante flown by Conander Leroy A. Heath 

reached 91,420 feet on December 12, I960.* Another Navy plane, the F4-H 

2 
Phantom, has zoomed to 98,260 feet. Captain Joe B. Jordan received the 

Harmon Trophy for his flight In the F-104-C Starfighter on December 12, 

1929, to an altitude of 103,392 feet. 

Another Harmon Trophy was awarded in 1961 for the pilot of the 

experimental rocket aircraft, Major Robert M. White, who established a 

world altitude record of 217,000 feet which has since been elevated by 

3 
the same aircraft and pilot to 311,000 feet. 

Colonel Glenn's earth orbital flights on February 20, 1962, in the 

Mercury capsule were at a minimum altitude of 99 miles (222,720 feet) 

and a maximum of 162 miles (822,360 feet).4 Thus, the altitude capa¬ 

bility of five weapons or experimental systems in existence today ranges 

from 91,000 to 822,000 feet. 

W lork Times. December 16, 1960, page 43, column 2. 

2 
Information from F-UO Systems Project Office, Vright-Patteraon 

Air Force Base, Ohio. 

hhi Mill Street Journal. July 18, 1962, page 1, column 3. 

4 
New York Times. February 20, 1962, page 1. 
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Looking ahMd fir* years, three new systens ere scheduled to be 

flown et flight eltitudes well in excess of IOC,000 feet. Feainl will 

fly, probably in 1963, et et out the sene altitude as Mercury. Dynasoar, 

the boost glider, it is believed, can begin short range nissions in 

1964, and it nay be used in elongated elliptical orbits ■easured in 

earth radii. Por this craft, density altitude information will be 

critical during the complicated and split-second timed re-entry aaneuver 

beginning at the sensible atmosphere (300,000 feet). Lastly, by 1966, 

low altitude orbit Apollo shots will begin with the ultimate objective 

of landing successfully on the moon. 
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Appendix B 

Dlatlnction Between Icifi, Absolute. Preaaure. and 
Qmalty AlUMu, ïüb significance 2f Penalty 

Altitude taz Aerodynaalc Flight 

True altitude means actual height of the aircraft abore sea lerel. 

Absolute altitude is the height of the local vertical, or the actual 

height of the aircraft above the surface or terrain over which it is 

flying. Pressure altitude is the barometric altitude measured above a 

standard pressure plane, 29.92 inches of mercury. Density altitude is 

pressure altitude corrected for absolute temperature variations from 

the standard atmosphere (Ref 6t4-6, 7). 

The equations expressing the forces of dynamic pressure, lift, and 

drag are all direct functions of atmospheric density. Uhile atmospheric 

density is a function of tru« altitude, it was shown during the Inter¬ 

national Geophysical Tear that this interrelation varies daily, season¬ 

ally , and latitudinally in a complex manner not yet completely known at 

any one point in space and time. Since these many fluctuations in 

density nay vary by an order of magnitude, and because the aerodynamic 

equations include density as a parameter, it is seen that any method of 

Utime try that cannot measure density directly is decidedly limited in 

usefulness. From a pilot's viewpoint, the situation is this: during a 

constant mach phase of the mission, the high-altitude winged vehicle is 

restricted to a flight corridor, above the upper limit of which tho 

vehicle stells, end below the lower limit of which the skin friction and 

aerodynamic heating results in structural failure. Both limits are 

dictated by density, not true, altitude. 
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ai = 
{ 

4nr, 

CR2 = ÍL 
{. 

- Ç) pi 
P ï a 

4tr. 

IV* dfli (1) 

äaL (2) 

igr = ij = (1/2) (.213) (3.7 X 1010) (3) 

1 (footnot«) 

(ï) = 
p Sr 

(B ) 
MI 

1.3J = 42 (4) 

H= 7-8 

Fro« p = pRT (perfect gas law) 

where T = 291°K (fron experiment) 

(5) 

(6) 

p = 1.6p X 10" 
A 

X = 200 cm (from experiment) 

(7) 

(3) 

r^ = r^ = 39 in. (9) 

verbant, S. E. "Elementary Introduction to Nuclear Reactor 
Physics" New York: John Wiley and Sons, Inc., 1960 (p. 342). 
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N = pH 

28.9 

0.65 X 
17 

10A p 

K T90 = 2.18 Y0f 
MX 

I T90 = 0.89 Mtr2 
axe 

J*' - 0.94 X 10"3 Vf 

Z = 7.2 

6 = 10 dagraes 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

'Jî' alu 1/2 8 _ 42 

Z^3 1 

(16) 

,90 

Sntar abscissa of Pig. 10 at 42, read ordinate O.lOx 10' 
,-20 

L. = (7.2)^3 (.10 X 10’20) = .37 X 10"20 d7) 

In the saM way 

L. = 2.2 X 10"20 (18) 
^Sr 

^ine, G. J. and Görden L. Brownell. "Radiation Dosiaetry." 
Hew Tork: Acadeaic Press, 1956 (p. 698). 
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From prinoldal formula' 
3 

Ï=5<V412+V (19) 

Using aa the ecattering volume two cyllndere, radii 1.1 Id. and 

0.65 in., intersecting at 10 degrees, it can be shown 

V * 190 am' 
2 (20) 

Substituting the now known values into Eqs (1) and (2) and adding 

gives the final theoretical equation which plots CR as a function of 

atmospheric pra3sure. 

(21) 

This equation is plotted in Fig. 10a, page 20; however, pressure has 

now been charged to the corresponding altitude through use of Appendix D. 

The discrepancies between Fig. 10a, the theoretical count rate and 

Graph IV, the actual count rate, shows that the theory is inadequate to 

fully explain the actual processes. Considerably more attenuation occurred 

in the experiment than the theory predicted, and it is suggested this was 

caused by source energy degradation during source window penetration. 

Not only would the lower energy betas be more easily absorbed in the 

lower atmosphere, but since Iq is strongly energy dependent, the scatter 

process would also be affected, and these two effects would tend to 

steepen the slope of the experimental curve during initial climb and to 

advance the marlnum count rate to the right (higher altitudes). The 

3Smith, Edward 3., al. _a±. "Calculus" New York: John Wiley and Sons, 

Inc., 1938 (p. 324). 
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too shallow tall of the eqperlMotal curve waj be explained by the 

perniabra radiation hypothesis (pa¿e 50), although experimental veri¬ 

fication of this has not yet been obtained. 
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Appendix E 

AiUMt=Ûaigttt Tibie Hud dp Promisión rhmmh^r Testo 

Altitude 
Feet 

Pressure Altitude 
Microns He Feet 

Pressure 
Microns üe 

2,000,000 O.OOOOO34 475*000 
1,900,000 0.0000041 450,000 
1,300,000 0.0000057 425.000 
1,700,000 0.0000078 400,000 
1,000,000 0.000011 375.000 

1,500,000 0.000014 350,000 
1,400,000 0.000022 325^,000 
1,300,000 0.000031 300,000 
1,200,000 0.000051 290,000 
1,100,000 0.000080 280,000 
1,000,000 0.00014 270,000 

950,000 0.000a 260,000 
900,000 0.00029 250,000 
650,000 0.00041 240,000 
800,000 0.00061 230,000 
750,000 O.OOO94 220,000 
700,000 0.0014 210,000 
650,000 0,0024 200,000 
600,000 0.0037 180,000 
550,000 0.0067 160,000 
500,000 0.013 140,000 

0,020 
O.O3O 

0.045 
0.076 
O.I5 
0.25 
0.4 
1.2 
2.2 
3.7 
6.2 
10 
17 
29 
47 

73 
110 
170 
370 
760 
1600 

Data from: 

1957 elphe, 1957 bet« (Dputmke) 
1958 alpha, 1953 gnann (hiplorere) 

65 



GVhW62-13 

Appendix F 

Bando« Error and Altlaetf ¡¿£ Error 
inalvla g£ SSBKÍMBÍAÍ âHbUc 

ingle-Beta-Scatter-Denalty jüiaSÍãL 

Banda« Error Anal vai H 

The fractional standard deviation for a single instantaneous 

reading of a count-rate aster ist 

where = expectation value for the charge at any tiae, to 

a = average count rate 

BC = tiae constant 

From Graph IV, page 41» 

^vans, R. D. "The Atomic Nucleus." New York» 1955 (Page 805). 
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?roa Sq (1): 

Altltade grror (feat) Count Rate Error (eta) 

860 

780 

700 

620 

580 

520 

500 

1900 

2000 

2500 

3000 

4000 

5000 

7000 

The significance of the randoa error is graphically shown on Graph IVa, 

page 43. 

AU Imtar Ltf ËH2I AlMÜTBia 

The vertical velocity, V, of the Titan booster fron 100,000 

2 
feet to 200,000 feet is 1700 feet per second, and tine constant, I, of 

the experimental beta-scatter altineter count rate meter is 1 second. 

The combination of a rapid climb rate and a tine constant of 1 second 

produces an altimeter lag, and it is the purpose of this appendix to 

determine the amount of that lag. 

In an RC network, let q = charge, C = capacitance, v = voltage, and 

R - resistance. Then 

& _ C + 2 (2) 
dt “ dt R 

In a count rate meter let a - average count rate and 6 = the constant 

pulse height necessary to give one count. Then 

belcher, Paul. Personal Conmmication. ASNRFA, Wright-Patterson 
Air Force Base, Ohio. (July 1962). 
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ab = él 
dt 

Equating Eqa (2) and (3) wa have 

_ dZ X. 
C " dt RC 

(3) 

(4) 

The solution of which is 

a 

) 

(5) 

Assuming that the change in count rate with change in altitude; h, 

is a decreasing exponential function, the count rate may be written as 

a function of time where k is a constant. 

a(t) = a'e 
-k(Vt 4 hQ) 

(6) 

Making use of the steady state value of a' = and substituting 

the boundary condition that t = 0, v - v', Eq (2) can be solved through 

use of the integrating factor e^^^ to obtain the following: 

Equation (7), when inserted into a computer by the program shown below 

with V = 1700 ft/sec and T = 1 sec., showed an altimeter lag error of 

1100 feet in the 100,000 foot to 160,000 foot range. This result is 

graphically depicted in Graph IVa, page 43. 

The combination of the two errors of altitude lag and random 

statistical fluctuations suggests an optimization is possible. Through 

an iterative computer program, T = 2 sec. was found to minimize the 
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total arror for the Titan boost mission (least error vas 8000 feet at 

160,000 feet). For minimisation of total error, large!should be used 

for low vertical velocity missions, T for high vertical velocity 

missions. 

88000 DIMENSION Q(15) 
58000 1 ACCEPT,TAU,CK 
58036 T«0. 
58060 I - 1 
Ö8084 A-1./(1.-CK*TAU) 
58156 5 F-EXP(-T/TAU) 
58216 Q(D - A*(EXP(-CK*T)-F) + F 
58336 PRINT 5, T, Q(l) 
58396 1-1+1 
5ÍJ43 2 T-T+5. 
58468 IF(11-1) 7,5,5 
58536 7 G0 T0 1 
58544 9 F0RHAT(/F5.1.F9.3) 
58576 END 
END «F C0MPILATI0N 59241Í9530 
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Vita 

Alexander K. Rupp was bom on , 

the son of Dr. Charles A. Rupp and Luella K. Rupp. He graduated fro« 

Central High School in Whsfaington, D. C. on 30 May 1948, entered the 

United States Military Aoadeey on 5 July 1951, and received hie diploma 

and Air Force Coamission on 3 June 1955. After receiving hie pilot 

rating on 14 August 1956, he spent four years as a fighter pilot stationed 

in Germany where he «arried Ruth Michels, who is the «other of their two 

children, Alexander and Karen Monica. Fro« 18 August 1960 to 10 August 

1962, he studied astronautics at the Air Force Institute of Technology, 

and on 26 August 1962 he reported to Edwards Air Force Base, California, 

to enter the Experimental Test Pilot School. 

Permanent address«  
 

This thesis was typed by Mrs. Marian M. Whitaker. 
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