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ABSTRACT
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Labvoratory during the iaﬂé 4[?@@ quarters 0 b ;

1948, A detziled study of the solar spectra obtained durinz the V-2 flights
of October 10, 1946, and Mareh 7 and October 9, 1947, is given. The ex-
periments performed in the missiles fired on May 15, July 10 and Cetover 9,
1947, apd January <22, 1948, are discussed. A description is provided of
the experimental techniques and apparatuses which were employed. Results
in cosmic ray research and pregsure and temperature studles are presented.

A mathematical enelysis of the geometry of cosmic ray CGeiger counter tele-
scopes is given.

STATUS OF THE PROBLEMS

Thie is an interim report cn the problems listed below; work on all
these problems is contimuing.

AUTHORIZATICN

N26-02, P26-0l, R10-20, R25-02, R25-01.
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The first cloud chamber photogravh ever taken at an altitude of 145
kilometers. This exceede by more than 100 kilometers the altitude of the
nighest cloud chamber photographs obtained before the January 22, 1948 V-2

flight. # highly ionizing particle traversing both lead plates is visible.
Itg scatterinz, ionization and penetrating power indicate that it is an

alpha perticle having an energy greater than 500 million electron volts.
1t is presumably & primary particle.




UPPER ATMOSFHERE RESEARCH
REPORT NO. V

INTRODUCTION

The Naval Research Laboratory conducted upper air studies in four of
the six research V-2's which were fired by Army Ordnance at its White
Sands Proving Ground between May 15, 1947, and January 22, 1948. Omn only
one of these four flights did the V-2 deliver the research instrumentation
into the upper atmosphere in operating condition while providing 2 reason-
ably stable platform from which to make measursments and observations.
This was almost & complete reversal of the Laboratory's experisnce in its
first five V-2 firings. Only one of these had resulted in a poor flight
from the standpoint of the requirements of the upper atmosphsre ressarch
pProgran,

During this period & comprehensive analysis of the ultraviolet spec~
trum of the sun wes completed. Solar spectrograms wers obtained by the
Laboratory on three occasione during the first two years of rocket-sonde
research. Jthese spectra, exposed on October 10, 1946, and Maych 7, and
October 9, 1947, were all analyzed in great detail. The findinge wiil be

published in The Astrophysical Journal.l This paper is reproduced here in
Chapter II. 4n analysis of the geometry of cosmic ray counter teleacopes
was published in The Review of Scientific I ,2 and is presented

here in ‘hapter V., Special atteation was given to the main problem of
rocket imstrumentation. In particular, means for accurate determination
of aspect were investizated.

A fresh approach to the problem of studying the ionosphere was made on
July 10, 1947, when two new experiments were attempted for the first time,
They made use of & positive ion gage which was mounted at the nose of the
missile and a generating voltmeter which was installed in the midaectiom.
These experiments will be reported upon later. An account of the prsassure
measurements made on January 22, 1948, is given in Cnapter VI, The pres-
sure and temperature observations of the latter date were the first ever
to be made at very high altitudes during midwinter.

The many problems which are associated with the use of & cloud chamber
are further multiplied end complicated when this delicate instrument is
operated in a rocket. The diffiecnlties were overcome, to & large extent,
in the V-2 flizht of January 22, 1948. On that day were obtained the first
cloud chamber photographs of cosmic ray events ever taken above the earth's

atmosphers. One of these, expcsed at an altitude of 145 kilometers, ap-
pears in the Frontispiece. Chapter IV contains a description of the cloud

chamber, and discussions of the counter telescope studies which were made
on May 15 and July 10, 1947,

1E. Durand, J. J. Oberly and R. Tousey, Aatrophys. <., (1948).
2Homer E. Newell, Jr., Rex. Sci. Inat. 19, 384, (1948).




CHAPTER I

THE FIFTE, SIXTH AND SEVEWTH CYCLES OF V.2 FIRINGS

The £ifth cycle of V-2 firimgs was %o have begun with missile no. 25,
dctually, the £ifth cycle comsisted of V-2 no. 26, launched on May 15, 1947,
while missile mo. 25 was not fired umtil the snd of the seventh cycle, on
April 2, 1948, In the months betwoen,eizht additionzl V-2's, imcluding
five upper atmosphere research rockets, were flown.

¥ivo of the seven recearch missiles launched in these thres eyeles
carried sclentific equipment imstalled by the Nawvsl Research Laboratory.
This report deals with &ll but the last of these fivs flights. %he cssen-
tiel details of ths firimzs in the three eyecles are givem im Table I, The
four fiights treated im thls report will be dsseribed 1im somevhat greater
detail.

The single upper atnosphers resscrch rocket of ths £ifth cvele was
launched at 4:10 P.M,, M.5.7, on May 15, 1947, Soon after take-off the
missile began %o turn toward the east. 42 explosion occcurred im the rocket
after sinty-four seconds of flizht when the rocket had az altitude of
thirty-thres kilometers (fwenty~ono miles). The cousc of this accidsal was
not determined, Ths rocket reached & moximum aliltvde of 135 kilomeiers
(842 miles) and landed pear Alamagorde. The spaeirograph, the comis ray
rocording camera, the two E-25 camercs mounted iz the midseetion, and tho
two gum camares mounted 1n the %all wors 1l recovored.

A1l1 availadis evidenco
to the research instrumentad!
miselon was wecelived afior !

Zaet that 8o power wos oupplied

oxplosion. No telemstering trans-
cameran wers eramined and 1t was
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TABLE I

SUMMARY OF THE FIFTH, SIXTH AND SEVENTH CiCLES OF V-2 FIRINGS

May 15, 1947 through April 2, 1948

Hig- Altitude Range
Firing sile  Date  Bepoarch Agencies  Km., Mi. Km. Mi, Remarks
The Fifth Cycle
25 26 May 15, Maval Reeearch 135 84 72 45 Internal explosion occnrred 64 seconds
1947 Laboratory after teke-off, HNo research equipment
operated after this time. Complete re-
covery wes effacted,
The Sixth Cyels
26 28 July 10, FKaval Research 16 10 3 2 PEmergency cutoff applled 32 seconds
1947 Laboratory after take-cff. Nothing of valus re-
covered due to impact explosion,
27 30 July 29, Applied Physics 161 100 5 3 Succeseful flight. Recovery very sat-
Y 1947 Laboratory iefactory.
28 27 Oct. 9, Genera)l Electric 156 97 51 32 Interral explosicn occurred 84 seconds
1947 Company, Signal after take-off, The WRL spectrograph
Corps, Naval Re- 414 not operate after this time; but,
search Laboratory it was recovered in good comdition,
29 Hov. 20, OCeneral Electric 22 14 3 2 Rocket power plant failed after 39
1947 Company seconds of flight. American-made com-
ponents functioned satisfactorily.
30 28 Dec. 8, Air Materisel 105 65 45 28 Exceptionallystable flight,
1947 Command
The Seventh Cycle
31 34 Jan. 22, Naval Research 159 9 77 48 Attempt to spin rocket was unsucceasa-
1948 Laboratory ful. Cosmic ray cloud chamber photo-
graphe were obtained for the first
time on this fiight,
32 36 TFeb. 6, General Electric 111 69 5 3 Successful flight.
1948 Company
33 38 Mar, 19, General Electrie 5 3 3 2 Low altitude attributed to failure of
1948 Company one of the rocket motor componente.
34 25 Apr. 2 Signal Corps, Naval 145 0 77 48 Very successful flight. Control
1948 Research Laboratory chamber blowoff resulted in exce ilent
recovery,
3




Fig. 1. The explosion resulting from the impact of the V-2 fired on July
10, 1947. This view was taken from the dlockhouse area, more than two and
one-half kilometers avway.




terminate the opsration of the rocket motor thirty-two seconds after take-
off. This V-2 reached a maximum 2ltitude of only sizteen kilemesters (ten
miles) after seventy seconds of flight. The umusual nature of the flight
made it impossible to blow off the warhead. As & result, the rocket landed
intact, at & distznce of less than 2,700 meters from the laurnching platform
More than four toms of propeliant wers ir the tanks when the impact occur-
red. The explosion (ef. Fig. 1) which tock place preciuded the possibility
of recovering anything of walue.

V-2 missile no. 27, originally scheduled to be fired on Jums 13, 1947,
was launched at 12:15 P.M., M.3.7. on October 2, 1947. Thies rocket devsli-
oved = spin of fifty-severn rpm during the ten secomds bsfors Brommsshlusa.
ALy intermel sxplozion occurred at az altitude of sixty-Tive kilometers
(forty miles! after sighty-four sscomds of £1light. The spectrogreph motor
41d n0% operate after this heppensd. The lestrument wes resoversd. hewever,
242

apt in good comdlitiocn.
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The first V-2 to be fired in 1948, the eighth Naval Besearch Laboratory
rocket, was lsunched at 1:12 P.M,, M.S.T. on January 22. An attempt wae
mede to introduce & ome rps spin imto the rocket's motion by means of four
jato units mounted in the midsection. These appear to have fired at the
proper time shortly after Brennschluss. The telemetering record showed
that the firing signals actuwelly were given by the timer, and some observers
reported that they had seen puffs of smcke issuing from the rocket at about
thie time. Telephotographs of the flight did not show the smoke puffs, how-
ever. Ths jato shelles were recovered in a condition which indicated that
the units nad fired. MNevertheless, the rocket spun at the rate of only two
rpm during the free fall perioed.

A maximum altitude of 159 kilometers (99 miles) wes attained after 232
seconds of flight. The signal for warhead blowoff was glven by radio at
310 seconds after take-off. It was also given fifteen seconds later by a
timer ip the rocket. The instrumentation and the telemetering comtimued to
operate, however, until the rocket apparently exploded after 409 seconds of
flight at an altitude of only 400 meters. Detailed trejectory information
appears in Fig. 2. The cosmic ray cloud chember film was recovered. The
warhead impact crater can be seen in Fig. 3, and the cloud chamber film
canister is shown in Fig. 37.

Fig. 3. The impact crater dug by the warhead
ef the V-2 fired on Janusry 22, 1948 .




CHAPTER II

ANALYSIS OF THE FIRST ROCKET ULTRAVICOLET SPECTRA%

by
E., Durand, J. J. Oberly and B, Twmyl

ABSTRACT

Solar spactira obtaimed from V-2 flights on October 10, 19462:3 and
March 7, 1947%:5:6 weps analyzed., The spectrum in the hitherto uncbserved
reglion from 2800 A to 2200 A wae found to bde intensely complexz apd filled
with unresolved blends. The low resolution (1.5 4) made positive identifi-
cation difficult in many instances, Tables showing the wave length, visual
estimated intensities, character and identification ¢f the linss observed
.are given. BReproduction of densitometer traces are given and part of the
spectrum ie shown replotted omr an intensity seale.

Certain multiplets of Fe I, Fe II, S{ I, and Mn II sppesred in great
strength. Four limes, Si I, 2882 A, Mg I, 2852 A, Mg II 2803 A, and Mg II
2796 A, were very broad, similar to H and K of Ca II. The Mg II pair show-
ed a central core of emission of great stremgth. Ths structure betwsen
2200 A and 2300 & could not be interpreted inm terms of atomie lines, and
may be caused by atmospheric bands of NO,

SECTION I - Introduction

The firast successful attempt to photograph the sun's spectrum from
above the ozZome layer waz made at White Sands, New Mexico, on October 10,
1946.2'3 ueing a vacuum greting spectrograph designed at the Naval Research
Laboratory and imstalled in the tail fin of & German V-2 rocket. Radiation

#* This article has beenaccepted for publication inthe Astrophysical Journal.,

YHead of the Micron ¥Waves Section of the Optics Division. This program was
carried out joimtly by the Micron Waves Section of the Optices Divisiom, &.
0. Bulduri, Superintendent; and the Rocket-Sonde Research Section, H. E,
Newsll, Jr.,Head, of Radio Division I, J. M. Miller, Superintendent.

24, A, Baum, F. S, Johneon, J. J. Oberly, O. C. Hockwood, C. V. Strain, and
R. Tousey, Phys. Rev. 70, 781 (1946).

SNaval Hegearch Laboratory BReport No. #3030, Chapter IV, Section A,
“E, Dyrand, J. J. Oberly, and B. Tousey, Phys. Rev. 71, 827 (1947).

SNaval Besearch Laboratory Report No. R-3120, Chapter II, Section A,
6Naval Research Laboratory Report No. R-3171, Chapter V.
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was ob@ervgﬂgdgwn te wave lengths as short ae 2100 A, A gecond flight on 7
March 1947%°%+° gave epectre of considerably improved resolution. During
4pril of that year the Appiied Physice Laboratory of the Johns Hopkins Uni-
versity launched & rocket carrying & spectrograph equipped with a serve-
controlled mirror designed %o track the sun in ocne axis. An analysis of
the excellent spectra they obtained has now been published.? A third
succesaful flight with @ ¥aval Research Laboratory instrument was made on
October 9, 1947, This repor? is an extension of the a2nalysis already pub-
lished4 of the spectra obtained on the flights sponsored by this laboratory.

SEGTIOH 11 . The Spectrogrash

The spectrogreph was designed at the Naval Besearch Lavorztory and
built by Baird Agzoziates in Cambridge, Massachusetts. It is shown 1z Figs.
4 and 5. It hes previously been described in detzl11%:8 bul since these
reports ars not gemerally available e brief description will be given heve.

The rocket is vertical wher lesunchsd and remains 8o during the accel-
srating period of about one minute., For the balance of the fiight 1t io
unconirolled and its orisntatlon with respect %o the sun may vary greatly,
depending on ite chence residusl angular momentum at fuel durncut. ZFor mide
day flights, the spectrograph is mounted with 1ts cons axis verticsl in
sither the east or the west %tall fin. It ie provided with two opbical
sntrance axes, ons aimed north, ths othsr south, pointing %o the sun. Boith
axes are 45° down from the zenith, Bither axis may bYe used io obtaln apoe-
ira, the former serving, if by chance the rocket rolis 180° abomt its axis.

To imcrease further the accepiance angle of the spoctrograph, 2 wm
sphieres of lithlue fluoride aro used to collect radiadion in place of the
usunl condenser and slit or the ground quariz diffusiocn plate and slii
thet has been unsed on other rocked ﬁpec%f@graphﬁo7 A solar image - aboud
0.01l3 mm in diameter - iz formed bahind %$he spheres and acis effectively ae
a narrow glit.

This arrangement permiss useable spsctra to be obtalined with the sun
as much as 70° in any directlon away from either axis. It suffers from the
drawback, however, that there ie soms defocussing for large angles, and that
changes in solar position during an expcsure produce a displacement of the
solar image and 2 blurring of the spectrum, especially for displacemente
parallel %o the dispersiom. The advaniage in speed over the diffusing sys-
tem, howover, is tremendoues.

“John J, Hopfield and Harold E. Clearman, Jr., Phys Rev. 73, 877 (1948)

8Navel Research Lavoratory Report No. 2955, “hapter III, Section H.
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After leaving the bead, the radiation falls oz a small mirror and is
refiected back to a comcave gratimg a¢t the apex of the come. Ths grating,
whoce redius of curvature is 40 em, is ruled with 15,000 lines per inch on
aluminized glass. It focuses the spectruvm on the 35 mm film which lles oz
the Bowland cirele at the base of the imstrument.

The spectra from the two beads are dieplaced to either sids of the
median plane by a slight tiltimg of the emall mirrors. If piane mirrore
are used, the speectrum limes will be sbout 1 mm high because of the estig-
matism characteristic of this mountimg. If eylindrieal mirrors are used,
the astigmatism may be entirely eliminated at one wavelsngth and greatly
reduced at other wavelengths. The resulting reductien in height of the
spectrum increases the photographic density obtained for & given exposure
and usuelly reduces the blurring action referved to adove. On the other
hand, demsitomstry of the epectra bdecomee most difficult becaunse of the
changing height of the spectral lines at different wavelengihs. There is
alse some lose of effective resolution because of the graimimess of the
photographic film.

In spectrum Ho. 43 teken at 75 km on March 7, 1947 the roll of the
rocket during the exposure was such that the spectrus moved perpendicular
to the plame of dispersion. This fortunate chence gave a resclution nearly
as good as the best obtained in the laboratory, and mest of the analysis
presented in this report was based on this particular spectrum. It is re-
produced in Fig. 6.
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Fig. 6. Solar ultraviolet spectrum from 3180 A& to 2350 A. Note the Mg II
emission lines at 2796 A and 2803 A (line 3 of the spectrum).




The instrument wes equlpped with & motor driven shutier amd film trane
port mochznlism which autozoticelly provided ezposures of 0.1, 0.6, and 3.0
seconds. Thic expoeuro cycle wes repeated over apd over until the rocket
wae well past the top of the flight, after whick the remeiming film, if
apy, was wound wp indte an armor stoel cassette. Eastman ultraviclst sonsi-
pe 103-0 film wor nsed.
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Beseuss of the changes iz rocket orilentation referred %o above, many
of the specira were elther vlurred or of low deneity. Denclitometer tracoo

ete
of three of the best spoctrs erc reproduced im Fig. 7.
Fig., 7A ig the trace of the high-resolution speectrum of Fig. 6.

Fig. 73 ie the irece of s spo
waz not ueed iz the apalysias, mt
89t solar wavelengiho T2
predicted "window® im

The radiztion bobtweon 2%@0 A am

4 2
above the spechrogroph.

Fig. 70 ic the troce of another Ogctober 10 spectrum, taker at 55 km.
A% this altitude less ther 1% of hs total oZone remaimed baiussn the in-
strument emd the sun go thet the enitire spectiral reglon ohseured ab 35 ks
nay be sesen.

SECTION IV - Waveclengtheo
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Fig. 7. Densitometer tracinzs of solar spectrum. (A) Spectrum No. 43

taken at 75 kxm on March 7, 1947.

at 2670 A and 2970 A are shown by the word FILM and a 1imit bracket.

Spectrum No. 23 taken at 35 km on October 10, 1946.
scale used to emphasize the "hump" near 2200 A.
at 55 km on October 10, 1946.

inferior to that of No. 29 because of its very low density.
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The blisters which may be seen on Fig. 6

(8)

Compressed wavelength
(C) Spectrum No. 29 taken
Below 2415 A the resolution of No. 43 is




SECTION V -~ Intensitien

Most of the intepsity ostimates are visual. The scale is similar %o
that wsed in the revised Rowland tabl@alo which means that it is an epproxi-
gate measure of the cemtral core intemsity and width of the limes. 4 com=
parative study of the rocket spectra, the Rowland Table, and a table of
soler lines prepared by Babcock and Moore from Mi. Wilson plates!l showed
that the weakest observable limes im the rocket spectra corvesponded
roughly to & Rowlend intensity 3 while the strongest line had & Rowland ip-
tensity of ebout 1000, Between 2650 & and 2388 A the numerical estimaten
were dropped beceuse of low demsity. For this region the notetions in
Section VII are used, Below 2388 A it was considered that the resclution
of the spectrum of Fig. 7C was superior tec that of Fig. 74, since the high
density gave a greater freedom from graininess. For this region the formery
spectrun wes used and the numerical estimates were resumned,

The spectrum in the rocket ultraviolet region is more complex than
that in the previously knmown reglom. There are several reglonas (s.2.,
2500-2550 A, Fig. 7A) in which the overlapping of many strong linmes pro-
duces & large general depressiom of the spsctrum, such that the location of
the background contimuous spectrum cam only be surmised. Certain anomaliss
in the visual estimates inm sueh regioms resulted. Typical examples of this
effect are cited im Section VIII,

SECTION VI - Identifications

The features to be identified are listed in Table II. A Finding List
containing about 1200 entries arranged according to wavelength was prepared.
These entries represented the classified limes that might be expected to
show up at the available resolution. Kost of them were taken from unpub-
lished multiplet lists which Dr. C, E. M, Sitterly of the National Burean
of Standardsis using for the preparation of her mew Violet Multiplet Table.

The finding 1ist was compared with the list of observed features and
the likely comtributors to each observed 1line noted. In some cases the
major contridbuter or comtributors were easily jdentified but more often
there were found t¢ be several possidle comtribdbutors.

A careful atudy of multiplet relatioms and laboratory intensities was
made to determine the relative importznce of the varieus comtributers. In
Col. 3 of the table probable major comtributors are indicated by the symbol
# preceding the elemont abbreviation, Abngence of this symbol means either
the lime is mimor (less them 20%) or that evidence of ite importance is
lacking. In cases of several possible comtributors with 1ittle evidence as
to relative importance the laboratory wavelengihs and intoneities are omitted.

105,01040m of Rowland's Preliminary Table of Solar Spectrum Wavelengths.
Carnegie Inotitution of Waechimgton, 1928,

Llpstrophye. J. Me. Wilson Comtribution. In press.
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SECTION VII - Symbols Used in Table II
Column I ~ Observed Wavelengths.

1. Lines seen by four or more observers are considered certain.
Doubtful lines are indicated by 7 following the wavelength. Doubtful
lines showing clearly on densitometer traces are indicated by D fol-
lowing the wavelenzth,

2. ) This symbol links two wavelengths which form the extremes
) of a broad absorption line or depressed feature. Wavelengths
) 1listed between the extremes indicate internal structure.

Column II - Observed Intensities.

1. HNumerical valuss ranze from 3 for the weakest observable line up
to 1000 for the strongest.

2. In certain low deneity regions the mmmerical scale was dropped.
The notations used and their approximate mumerical equivalents are as

followsa?
St (strong) greater than 40
Md (medium) 20 to 40
W (weak) less than 20

3. The following letters appearing after the intensity estimates
indicate special characteriastics!

n - wide line - probably a blend of comntriduting lines separated
by 2 A or less.

¥ - wide 1line - more than 2 A, Ususlly used in conjunctiorn with
the parenthesis symbol in the wavelength column,

4! - may be doudle,.

v - the line ie an imperfectly resolved violet component in the
wing of a setronger lins.

r - the line is an imperfectly resolved red component in the wing
of a stromger line,

Em - emiseion lins.
no line - intensity minimum at the base of an smission lins.
Column III - Spectrum

1. # denotez a major contributor.
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Column IV - Leboratory Yavelemgth

i. * Thie symbol irdicales tho exzistence of another lims of the same
spectruz havipg the same laborobtory wavelength.

CGolumn ¥V = Laboratory Intmmsities

1. Intensities vere tsken from Mrpo. Sitlterly's multiplet 1lists {8ac
Seetion YI). A discucoicn of her genoral potatien and the tvp@a o}
scele nsed may be found on pege XV of hor Bevised Multiplet Table

Column VI - Multiplet Fumbars

1. Theco arc arbitrery apmberc essignad to the multiplets for reference
pugrposes. sSee Table ! Ilo Thuu@ mmbers & te 1dangify
certain meltiplete in $tho text, e.g., Fe ipled %

of the Fe I spectrman.

SEGTION VI1l - Mulsinichs of Interent

h cawblze
%BE’C ‘ho
of bhe

3h*

£

=
&

‘%
R
§

e
cultice of v RETVEGLORS 371
@wa w@aw Eia‘v ated at 2514.8 4 ar
-
A3

to eagh
0 are brond

fiat bothons
Thie io els
reeciving s

& gecornd t3 43 Fe I1 1 and Mn II 17, msarp

2600 A. Bach of 5 Ghi ¥p Il multiplet is resolivod as
well ae twe of the throe %ﬁ 11 lﬂmmm Tho third Mz line weso seen by soms
obBervers as a sider %o the violie? side of the Fe lime at 2607 & while
other sboervers szyw the two a8 & sizgls : dengliometer tracs shows
that the shomlder is well defined spd %he’ Toth llzes are definitely prosent.

film pslor to the flight
- Aistriduiion.

1Zchariotte B, Mocre, "A Revised Multiplet Tablo of Asirophysieal Intersst®,
Princeton Univercity Observatory, Comtibution H¥e. 20.
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4 ourve of the solar epergy distridbutlien as a Funetlon of wevelength, de-
duced from the Ogtober 10 spectra, bhas already besn pubiiaheﬁo5 Fig., 8 iz
a zimilar ecurve based on ths Marsh 7, 1947 specizra sxcept thal the absorp-
tion linme siruveture is reproduced im mers detazil. Intensities are plotted
a8 percsntages of the intensity values fer a 6000° K dlack body. The dlack
beody curve was adjusted so that ite maximum colnclided with the maximum of
the solzr intensity eurve st aboui 4800 & and the inteunsity at this point
was teksp %o s 100 percenti.

The Harch 7 spectrograph used a ecylindricsl mirror, so that the cali-
bration spectra exhivited the changs in widih referrad to im Sectionm 1.
Deneitometry of these spectra was so difficult that it was finally aban-
doned, and the H and D characteristic curves of the Cetober 10 film were
ugsd instead.

Daveloping conditions were carefully controlled, and the two films
were from the seme emulsion lot. The unesritainty im film contrast (7))
value is therefore probadbly less than 10%. For the density range of 1.9
represented in Fig. 8, the maximum nncertainty would be 0.19 in density,
0.125 in log intemsity, or 0.10 in intensity.

Of particular interest in ¥ig. 8 {e¢ the region surrounding the great
Mg II pair at 2803 and 2796 A. The wings of these two lines clearly ex-
tend out 25 A or more to either side and may extend much farther still,
Presumably, this magnesium absorption occurs deep in the reversing layer
where pressure broadening effects are large.

80 80

= 100 %
~
O
I
100 %

o
o
I

INTENSITY- 6000° K BLACK BODY
o
o
}

o
o
I

H
o
I

N
)
[

}—MgH EMISSION

=
|
INTENSITY - 6000° K BLAGK BODY =

0 0
2600 2650 2700 2750 2800 2850 2900 2950
WAVELENGTH-ANGSTROMS

Fig. 8. Spectrum No. 43 replotted on a linear intensity scale relative to
inteneity of a black body at 6000° K,
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In the "bottom" of the absorption valley three maximas may be noted.
Two of these coincide within a frsction of an Angetrom with the known wave-
lengths of the megnesium limes and ere undouttedly due to the emission of
these limes in a high temperature, low pressure reglon high in the sun's
atmosphere. The third peak in the center is the result of the imtersection
of the rising slopes of the two droad absorption linee. It is interesting
to note that in Fig. 7A, the emission peaks are pointed, correspending to
the characteristic response of the spectrogreph for isclated limes, while
the third peak is of & rounded nature. The intensity minima to either side
of the emission lines are obviously not central cores of true absorption
lines. They are listed in Table II with the notation "no 1line®.

Dr. D. H, Menzel of Harvard predicted that these emission lines would
be found im great strength. He also was the first to point them out in the
rocket spectra. In the previously known regions of the solar spectrum, only
H and K of Ca II show emission in the total sum, and they are wesk in com-
parison with the Mg II pair,

The shape of the Mg emission lines is undoubtedly determined primar-
ily by the response characteriztic of the spectrograph. 2803 A shows up
as would 2 very sharp line. There is some suggestion, however, that 2796 &
may be slightly broadened, imdicating & true line-width of the order of
1 &, The true intensities of these lines must be somewhat greater than is
shown in Fig. 8, and they might be several times greater.

Section X - Bands

The concept of the band interpretation came about from the fallure
of an attempt to explain the structure between 2200 A and 2280 A in terme
of atomic lines. A large number of lines of Fe I and Fe Il exist in this
region but no assumed values of multiplet strengthe were able to accouni
for the observed structure. For imstance, although the reglon between
2255 A apd 2279 A is clearly depressed balow the regions to either side,
one can find no ecorresponding inecresse im either the number or the strength
of the Fe lines ir this region. Other regioms that may be caused by bands
Tie from 2440 A to 2470 A and from 2205 A to 2221 A, although part of the
atructure in the latter regionm may be caused by the multiplet Si I 2.

It ie not the purpose of this paper to analyze the possible band
gspectra involved, bdbut it might be noted that there does exist a strong band
of nitric oxide centersd at 2264 A, Leifsonl® has shown that a layer of NO
only 0.5 mm thick (NTP) producees appreciable adsorption in this band. The
gpectrun of Fig. 7C was taken at 55 km, at which altitude the residual at-
mosphere above the spectrograph was equivalent to about 5 meters of air at

NTP, Comsequently, an average concentration of only 0.01% of FO in the
cuter atmosphers would be detectable.

133, W, Leifeon, Ap. J. 63, 73, (1926)
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NOTES FOR TaBLE II

Most of the following notes serve to call attention to features on the
densitometer traces of Figure 7 that are not apparent in Table II, All refer-
ences to structure apply to Figure 7,

2966,0
2923.7

2893.8

2878.5

2865,0

2825.8

2825,0

2821,7

27117

2689.4

2669.4
2661.5
2650.7
2562,6

2917.7

2886,5

2840.0

2775.0

- 2705.9

- 2687,0

Wavelength discrepancy possibly due to blister on film,

Depressed region. Probably contains V II 13 and 14
and others,

Depressed region.,

Probable error in visual wavelength caused by neighbor-
ing 51 I line,

Wings of Mg I 1, 2852,12 A, Several small inflections show
in either wing. These are probably due to Na I 1, CR II 4
and several multiplets of Fe 11, :

Unresolved line in violet wing, possibly Cu I. 2824.7 A,

Wings of Mg II 1, 2802,698 and 2795.523. Most of the
numerous inflections which may be seen in the traces
were excluded from the Table, Between 2812,7 A and
2810,3 A, the depression below the wing contour is
pronounced. This is attributed to Co I 186 and 188,
and V II 59, in addition to the lines tabulated. '

Four partially resolved lines fill the region between
2423,1 and 2421.0, These are identified as Fe I 49,
23,28, Cr 1I 15, 22,37, Co 1 198, 21.74 plus the lines
in the Table.

Broad uniform absorption apparently caused by numerous
closely spaced lines, Six individual peaks are re-
solved on the trace,

Moderate absorption between 2691 A and 2687 A on which
is superimposed the listed line,

Unresolved line in violet wing, probably Cr II 7,
Unresolved line in violet wing, probably Al I 1, 2660.39 A,
Unresolved line in red wing, probably Al I 1, 2652,48,

Ca I 14, 2564.07 and 2565.17, probably present in red wing.
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2516,2

24,98,5 - 24,96.4

2498.0 - 2475.0

21‘-7500 - 2141&200

24,56,1

2395.5
2292,0 - 2200,0

See Section VIII for discussion of true intensity of the
lines in this region.

Weak general depression, probably caused by Fe I, Fe II,
and Cr I, but the ultimate lines of B I 1, 2497.73 A and
2496,78 A may be present,

Large general depressed region apparently caused by many
lines of Fe I and Fe 1I,

Large general depressed region. The many lines of Fe I
and Fe II present here are apparently unable to account
for this feature., May be caused by unidentified band.

The As I 2456.53 line was considered at the suggestion of
Dr. H. N. Russell, The high excitation potential, 6.37 volts,
and inconclusive evidence for As in the sun make this iden-

tification doubtful without further evidence, Other lines
of As I in the region photographed are badly masked.

Possible unidentified strong line at 2394 A,

See Section X,
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TABLE I

MULTIPLETS AND EXCITATION POTENTIALS

Mult. E. P. Mult. E. P. Mult. E. P,
No. Low Multiplet No. Low Multiplet No. Low Multiplet
Al 1 Cr I (Continued) Fe II

1 0.00 3p?P-557S 5 1.48 a’D-z°pP° 1 0.00 a°D-z°D°
1.48 a®D-z°D° 2 0.00 a®D-z°F°

" 1II 0.00 3's-3°p° il *'D-2"D" ’ o a:D_Z:pz
) 250 P a's 14 3.72 a*H-z'H° 43 0.23 a*F-z°'D

: 15 3.72 a*H-z'T° 71 0.98 a'D-z°F°

B I 20 3.84 a*F-z°G° 72 0.98 a’p-z°p°
1 0.00 2p°P°-35’S 25 4.13 b*G-y*'F° 73 0.98 a*D-z*F°

c 1 27 4,13 b*G-y*H® 74 0.98 a'D-z*D°
L 267 2p?15-36'p° 31 4.90 c*G-x"F° 5 0.98 a’D-z°p’

32 4.13 b*G-x*'G° 94 1.66 a*p-z*p°

Cal 0.00 - Fe I 227 2.62 a*H-z'G°
14 1.87 47P°_3d*a’p ! 0.00 a°D-y’D’ 228 2.02 @ H- 1
2 0.60 a*D-y°F® 230 2.62 a*H-z'r’

Col 3 0.00 2°D-2°P° 248 2.79 b*F -z°G°
2 0.00 a*F-y*G’ 4 0.00 2SD-2°G° 254 2.79 b*F-y*F°

5 0.00 a*F-y’D’ 7 0.00 2°D-y*D° 285 3.14 a*G-2*G°

9 0.00 a’F-x'F° 8 0.00 2*D-y'D° 286 3.14 a*G-z*H’
10 0.00 a*F -x*G° o 0.00 a*Dx*D° 288 3.14 a'G-z"1°
14 0.00 a'F-w'D’ 10 0.00 A"Dox°F° 290 3.14 a'G-y*F’
65 0.43 b*F -x*D° 1 0.00 a*D-y PP 292 3.14 2%G-2"1’
68 0.43 b*F-x"F° 13 0.00 2°Dox°P° 297 3.14 aG-2"H°
73 0.43 b*F-w'D° 16 0.00 4" DD 298 3.14 a%G-x*G’
186 1.87 b*P-s*D° 17 0.00 A Dow F° 300 3.14 a‘G-y'n’
188 1.87 b*P-w'P’ 45 0.86 P 314 3.18 b*P-z'C’
198 2.13 2’G-t°F’ 48 0.86 A5 F X PO 315 3.18 b*P-z°D’
Coll 49 0.86 2°F-y°GP 316 3.18 b*P-y"D”
1 0.41 45°F -4p°F° 50 6.86 *F-2°H° 320 3.18 b*P-2°P?

4 1.21 45°F -4p°G° 51 .86 F 333 3.23 bH -2’1’

13 5.99 4p°G®-55°F 59 056 F w F° 337 3.23 b*R-2°G°
14 5.1 4p°G°-55°F 53 0.86 S F D 338 3.23 bH-2'T°
357 3.37 a’F-z'G’

Cr4I o . 57 0.86 a:F-X:G: 359 3.37 a’F-z°D°
8 0.00 a’s-x"p° o ,1,'48 a5F—115 Do 386 > be-E

. 0.6 2Dy’ 126 2.17 z13P-t3D0 387 3.75 b*G-y3G®

» 0,66 P 139 2.27 aBP-qu) 388 3.75 b*G-2°H°
. o0 o 174 2.68 2°G-v*H’ 349 3.75 b’G-x*G°
20 0.96 S DCE 175 2.68 a’G-x'H° 392 3.75 bG-y'H
393 3.75 b’G-y*F°

_— 177 2.68 2°G-s7G" 394 3.75 b*G-x°G®

4 1.48 a®D-z°F° 194 3.22 b*H-t*H° 410 3.87 b*D-w'F°
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TABLE 11! {Cont.}

Mult. E. P. Mult. E. P. Mult.©  E. P.
No. Low Mutltiplet No. Low Multiplet No. Low Multiplet
Fe II (Continued) Ni I Ti II
411 3.87 b*D-w*D°® 9 0.00 a’F-w'D° 13 1.22 a’P-x"n°
443 4,13 c2G-x*H° 10 0.00 a’F-y°G° 16 1.22 b*P-y*P°
v 1
3 310
MeT u 0.00 aF-wF 2 0.00 a*F -v*D’
3 30
1 0.00 3lg_31po 27 0.03 a’D-y’F 4 0.00 atF-tiD°
3 30
18 2.70 3°p°_3p° °p° 28 0.03 2’D-y’D 10 0.00 YT t*F°
30 0.03 a’*D-y'F’ v 1
Mgll ) 1 0.00 a’D-z°F°
1 0.00 35?S-3p°P° Ni I o 3 0.00 a°D-2°D°
2 4.40 3p°P°-45°S 5 1.85 azF'ZZGO 13 0.32 a’F-z°F°
9 1.85 a‘F-z°D
Mn1 14 0.32 a’F-z°D°
1 9 97 £P°-<*D P I 15 0.32 a°F-z°D°
4 2.31 3p°*P°-4s’P | 35 1.07 a’F-y°G°
Mn Il o Si I 59 1.39 a’P-y°D°
1 1.17 a’S-z°p ! 64 1.39 2°P-yP°
S50 1 0.00 3p? *P-45°P° : y
11 3.40 a°’G-z2’G 23 50 107 1.87 baF-waDO
13 3.69 P70 2 0.00 3p° "P-3d°D .
: 21 110 120 1.67 aSP—ySDo
14 3.69 2°P-2°D° 4 0.78 3p° "'D-3d'D . oo
21 3140 121 1.67 a’P-z’S
15 4.05 b D-y F° 10 0.78 3p® 'D-4s°P
‘ y 138 1.79 a’G-xF°
17 0.00 a’s-z'p° 11 0.78 3p*'D-4s'P° | 43 1.79 2%G -x°G°
5 _ S0 21 150
18 3.69 a Poy P 14 1.90 3p® 'S-5s'P 294 2.37 all-z'T°
T 7
27 4.14 zP-eD Ti 1 244 2.50 b*H-xG°
Na I 8 0.00 a’F -u®D° 326 4,27 2°G’-e*H
1 0.00 3°s-5°p° 43 1.04 a’p-t°p° 332 4.59 Z°F°-¢’F
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CHAPTER III

{HE V.2 AS A RESEARCH VEHICLE

Introduction

Further progress was made toward improving the usefulness of the V-2
as & research vehicle. The warhead was modified in several ways, larger
pressurized housings were constructed for use in the control chamber, and
experiments were conducted in the midsection. The details are given in
Section A. Determination of rocket attitude during flight is discussed in
Section B.

A. Instrumentation Techniques Employed in the V-2 Rockets Fired
on May 15, and July 10, 1947 and January 22, 1948

by

T, A, Bergstralh and C. P. Smith

1. The May 15, 1947 V-2

The instrumentation of V-2 rocket no. 26, fired on May 15, 1947, fol-
lowed the pattern used in the rockets of the third cycle.1 The heavy ateel
forward section was replaced by a cone constructed of 1.6 mm (0.062 in.)
steel. This cone housed the gages for ram presasure measurement at the nose
tip, two ionizatlion gages and two Pirani gages for pressure measurement,
and two elements for determining the skin temperature. A cosmic ray Geiger
counter telescope was mounted in the forward section of the warhead proper.
In order to reduce the mass of material jn the solid angle viewed by tele-
gcope the upper accese door was made of 1.6 mm (0.062 in.) steel, and &
30.5 em x 30.5 em (1 f¢ x 1 ft) section between the lower accees doors was
removed and replaced by 1.6 mm (0.062 in.) steel. The ionosphere transmit-
ter was mounted on track members between the lower access doors. The method
was the same as that employed in missile no. 21, fired on March 7, 1947.1
A roll gyroscope was mounted on the gyroscope plate in the control chamber.
Two K-25 aircraft cemeras were mounted in the midsection. This installa-
tion was identical to that used in missile no. 21.

lRaval Rescarch Laboratory Beport No. B-3171, Chapter III.

2§aval Research Laboratory Report No. B-3171, Chapter IX.
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2. The Jyly 10, 1947 V.2

The warhead of thie rocket was
altered considerably in order %o
permit the installation of a very
large cosmic ray telescops. Fig. 9
1z a photograph of this warhead.

The shell was cut at the level of
the bottom edse of the iower acCCess
doors, 40.6 cm (16 in.) forward of
the base. The upper portion econsist-
ed of & conical aluminum section
1.52 m (62.2 in.) 1in length. The
lowsr 76.2 em (30 in.) of thise cone
was constructed of 2.5 mm (0.102 in.)
aluminum. The next 81.8 cm (32.2
in.) was made of 1.6 mm (0.064 in.)
aluminum. A positive ion gage was
mounted at the tip of the cone.

Since the entire warhead sec-
tion was occupied by the coszmic ray
telescope and its electronics, the
balance of the experimental equip-
ment had to be located elsewhere in
the rocket. That portion of the re-
maining electronic equipment which
used high voltages was enclosed in g
vressurized housing. The assembly
is seen in ¥ig. 10. It was mounted
in quedrant IV of the comtrol cham-
ber, as shown im Fig. 11. The prie
nary power batteries also were
placed in a pressurized container
which was located im the econtrol
chamber. Equipmente which 4id not
require high voltages, e. g. the
program timer, the telemetering sub-
commutator ete., were not preassur-
ized, ‘hree attitude gyroscopss Fig. 9. The July 10, 1947 warhead .
were mounted in the comtrol chamber
on the main gyroscope plate. The
instrumentation in the afterbody of this missile consisted of a generating
voltmeter installed in the midsection between the fuel tanks, and a cosmic
ray camera recerder mounted in the tail section. The rscorder installation
wag identiecal %o the ome used in missile no. 21.3

A diagram ehowing 21l of the viring for the experimeatal equipment in-
stalled in the missile by the Naval Research Laboratory is given in Figs,
12 end 13.

3Naval Resoarch Laboratory Report No. R-3171, Chapter IV, Section D.
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Fig. 10, Electronic equipment
mounted in a pressurized housing.

Fig. 11. The pressurized housing mounted in the
control chamber of the July 10, 1947 V-2,
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3, The Jamiary 22, 1948 V-2

The warhead used on this rocket
vas similar to the one employed on
March 7, 1947.% The only difference
lay in the fact that the forward
nose cone of the January warhead was
constructed entirely of aluminum,
The warhead is shown in Fig. 14.

The nose tip was occupied by & posi-
tive lon gage which was somewhat
larger than, but otherwise simllar
to, the type used on July 10, 1947,
The gage may be seen in Figs, 14 and
15. The center conductor contained
an aperture which made it possidle
to meke ram pressure measurements.

The nose cone section of the
warhead was used to house the ionos~ o
phere transmitter and electromic TR L
unite for the positive iom gage and
the generating voltmeter, These are
shown in Fig. 16. An electronic
unit sssociated with the cosmic ray
cloud chember was suspended from the T
bulkhead separating the two werhead T T
gections. It is visidble in Fig. 17. i SV ”
The remeining spece between the war- 75" 7 o ’
head access doors was occupled by
the primary power batteries. These
are also seen in Fig. 17, Two ien-
ization gages and two FPhilipe gages
were mounted at 90° intervals on a
circumference 12.7 em (5 in.) for-
ward of the werhead base, Two
Pirani gages were mounted adjacent
to the Philips gages. All of these
instruments wers exposed to the at-
mosphere through apertures in the
warheed as shown irn Fig. 14. The _
remaining equipments in the warhead, v
including the telemetering subcom- :Mﬁ .
mutator, the preogram timer, the DAY ... ¥
Philips gege betiery, and the ioniz-
tion gage comtrol munit, were mounted Fig. 14. The Jamuaery 22, 1948 warbead.

4¥aval Research Latoratory Beport No. B-Z171, Chapter III, Section B.
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on a rack which was installed as a complete unit in the base of the warhead. ..
The assembly appears in Fig. 16. The warhead was counterweighted by a 7.6
centimeter (3 inch) layer of lead attached to the base.

The cosmic ray cloud chamber assembly, including the pressure system, =
camera, and batteries, was installed in quadrant I of the control chamber.
It is shown in Fig. 34, The telemetering transmitter and the control panel
for the research equipment were relocated to quadrant IV, This change was
necessitated by the fact that quadrant I was almost wholly occupied by the
cloud chamber equipment. Three attitude gyroscopes were installed on the
rain gyroscope plate in the control chamber.

The midsection installation included a cgenerating voltmeter similar to
those used ir May 15, ‘and July 10, 1947. The midsection also included
equipment for spinning the rocket. Seven Pirani gages were mounted in the
tail section 15 centimeters forward of the leading edge of the fins. Four
of the gages were located at fin I, the remaining three were located at
fin III,

Fig. 15, The positive ion gage employed on Jamiary 22, 1948.
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Fig. 17, Cloud “hember electronics
in the main body of the warhead.

Fig. 18. Research equipment mounted on a single rack preparatory to in-

stallation in the warhead.
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CHAPTER III

THE V.2 AS A RESEARCH VEHICLE

B. Rocket Attitude Determination by Means of Gyroscopes

by

H, Spits

An exact knowledge of the attitude and aspect of the V-2 at all times
during flight is essential to proper interpretation of the data obtained
in many of the rocket experiments. These data may depend upon the missile's
angle of attack, upon the angle between some axis fixed in the equipment
and & line to the sun, or upon anglez messured with respect to other instan-
tansously fized axes. In such cases, the key relations are those associated
with the Bulerian anglee (cf. Fig. 19) between a set of orthogonel axes
fixed in the rocket and a similar set, on the same origin, whose dirsctions
are fixed in space. These angles completely specify the attitude of the

rocket, Hence any other angular information desired may be determined from
them.

Gyroscopes are potentially capable of furnishing aspect information
with a high degree of precision. FYurthermere, this information is presented
in a form which is suitable for telemetering. It is mot pessible in general,
howsver, to read either yaw and pltch or the Bulerian angles directly with
standard mounting errangemenis.

The purpose of the present discuseion is to derive analytical expres-
sions relating the Bulerian angies tc the angles actually read from threeo
gyroscopes mounted in a rocke? im e partiemlar fashion.

Each of the gyrosceopes used in this application consista of a gyro-
wheel mounted inm $wo gimbals. The gyrowvheel axis is perpendiculer to the
inner gimbal axis, which in turn is perpendiculer to the cuter gimbal
axis. These thres axes are oriented sc as to be mutvually perpendicular at
take-off. The outer gimbal axis is fixsd im the rocket. The angle through
which this gimbal rotetes with respect to the missile is converted to a
voltage and telemetered to earth. The voltage ies reconverted to an angle
throuvgh the use of suitable calibration procedures.

Three gyroscepes are mounted in the rocket as shown im Fig. 20. The
outer gimbal axis of one of these (cf. Fig. 20(e)) ie parallel to the prin-
cipal axis of the miseile. Thie gyrcscope measuresthe amount of roll
directly.
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The V-2 is axially symmetric. The fact that the course of a normal i
flight is toward the north, however, makes it possible to distinguish yaw
from pitch in a manner which is consistent with the usual convention. Fitch
is defined as a rotation of the rocket's principal aris (or its projection) '
in the meridian plans. Yaw is defined similarly with respect to the east- o
west vertical plane. This is illustrated in Fig. 21. The "pitch" gyroscope
is therefore mounted in such a way that its outer gimbal axis is normal to
the meridian plane at take-off. When so mounted, this instrument will read
pitch directly in the special cese where no yaw or roll has taken place.

In the general case, however, the situation is more complicated. Similar
remarks apply to the "yaw" gyroscope.

The general case may be analyzed as follows. The geometrical quantities
which enter the discussion are all indicated in Fig. 22. Three sets of
axes are employed. E, N and V are fixed in space, X, Y and Z are fixed in
the rocket, and x, y and z are fixed 1in the gyroscope. In each case x is
the outer gimbal axis, y is the inner gimbal axis and z is the gyrowheel
axis, z is fixed in space and, as noted previously, x is fixed in the
rocket and perpendicular to y, while y is perpendiculer to z. E, N, V and
X, Y, 2 coincide at take-off, @ ,® and Y are the Eulerian anzles
between these two sets of axes, OK being the intersection of the planes
EON and X0Y. &, b and ¢ are the angles actually measured, i.e. the angles
through which the outer gimbals have rotated with respect to the rocket.

V v vV
z 7 4 Z
® ® ’
LY Y
‘ Dy
¥ &%
/,/H&;K /\ﬁ/ "
0) e \ N 0 ’(' & N
a
y . ¢
X X y X
E E E
(@) "YAW" GYROSCOPE (b)"PITCH" GYROSGOPE (c)"ROLL" GYROSGOPE

AXES FIXED IN SPAGE: E,N,V
AXES FIXED IN ROCKET: X,Y,Z
GYROSCOPE AXES: «x,y,z.
EULERIAN ANGLES:®,3, ¥
O)

GYROSCOPE READINGS: b,c

Fig. 22. BRocket and gyroscope orientations in the general case.
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In the case of the yaw gyroacope, y must always lie in the X0Z plane
(ef. Fig. 22a). It is evident that a unit vector in the y direction is
given by
yp= cosa X +sina 2y , (1)
where the subscript "1" denotes a unit vector in the given direction. The
scalar product y; - 2y must vanish, owing to the orthogonzlity of y and 2z,
i.e.,

yl-zl_—_yl-vl———cosa Xl'Vl—i-sinaZ]_‘V]_‘———O (2)

The well-known relations5 between unit vectors in the directions of the two
sets of axes E, N, V, and X, Y, Z are:

X, = (cos @ cos © cos & - sin@ sinyy )Ey (3)

+ (ein® cos 6 cos W + cos P ein W )N; - sin © cos W Vy ,

Y, = (- cosp cos ® sinr ~ sind cos Y )E; (4)

+ (- sin@ cos O siny/ +cos P cosl,lf)Nl—I— sin ® sin W Vy ,

Z) = cos¢ sin © Ey + sing sin 6 §; + cos 8 Vy . (5)

Substitution of (3) and (5) in (2) yields
coe a (- gsin® cosy )+ sin a cos 6 =0 ,
which may be written as
tan & =—tan @ cos U . (6)
Similariy in Fig. 220,
yp =cosDd Yl - slnd 2y ,
and
vy * 2y =¥y c Vp=coab® ¥y * V- sind %y - Vi = 0.
Uging relations (4) and (5) we arrive at

tan b = tan ® ein Y. (7)

5cf. Whittaker, E. T., Apelyticsl Dynamles, Fourth Edition, Dover Publica-
tions, New York, 1944, p. 10.
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For the roll gyrosccpe
yp =cos cX - sinc Yy ,
and
W= -h=0
which upon substitution of (3) and (4) gives

_tan +tan D con o | (8)
1l - tanysr tan ¢ cos 8

tan ¢

Solving equations (6) and (7) simmltaneously for 6 and U we obtala

tan & = l/tanaa, + tap@ b , (9)
and
tan oy —-tan® (10)
tan a
Equation (8) yields a relation for ¢ @
tan & = tanc - tan ¥ .
cos © (1 + tan Y/ tan ¢ )
or
tan g = 28 Le = v) (11)
coa ©

Thus, from the readinzs a, b and ¢ obtained from the gyroscopes, the
Eulerian angles characterizing the rocket's orientation may be dstermined
by means of equations 8, 10 and 11.
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CHAPTER IV

THE COSMIC RAY EXPERIMENTS

Introduction

The counter telescope experiments which were attempted in the V-2
firinze on May 15 and July 10, 1947 were direct ontzrowths of the sestion’s
previous rocket research. The May experiment singled out the nop-primary
cosmic-ray electrons for further imvestigatien. This componant had been
observed during two previcus V=2 flights, on January 10, and March 7,
1947}, The July experiment came from the results of measurements mede in
the Morch missile. The Mey 15 and July 10 counter telescope experimente
are treated in Sectionc A snd B, reospectively. The new developments which
were imcorporated im the electronic equipment designed for these experi-
ments are detailed im Section C.

The first attempt to obtain cloud chamber photographs of cosmic ray
events above the esrth's aitmcsphere was made in the V-2 fired on Januery
22, 1948. Twelve picturss were taken at altitudes ranging uvp to the peak
of the trajectory, which cccurred at 157.9 kilometers above sea level.
Five of the photocraphs were obtained above the 140 kilomster level. One
of these appears in the Fromtlspilecs. The first four in the series had
good clarity, dbut a cumulative increase in background tended to 1limit the
velue of the later pictures. A detailed analysis of the photographs is
now beinz carried out and will be reported uwpon when completed. A descrip-
tiom of the cloud cheamber is given in Section D. The electronics which
wore used to control it, both remotely during pre-flight calibrations
and avtomatically during fiight, are discussed in Section E.

lyavel Research Laboratory Report No. B-3171, Chapter IV, Sections A and B.
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CHAPTER IV

THE COSHMIC BAY EXPERIMEEFTS

A, The Counter Telescope Experiment of May 15, 1947

by
B, Howlamd, &. J. Perlow and J. D. Shipmen, Jr.

Thie experiment was designed to furnish further evidencs comserning
the nature of the nonm-primary cosmic ray electron component prevics
cheservad in the rocket expsriments. Datae obtained in two earlisy
on Japuary 10 and March 7, 1947, indicated the presence gbove the eazrth's
atmosphers of iomiging partielss capable sf being absorded in a faw centi-
moters of lead. On the baeis of a hypothesis put forward by J. &, Yheelsr,
these particles were tertatively assumed %0 bes elestrons arising from the
é seay of 1oy enorgy cosmie-ray mMesons. Dscay electrone having an imitial

word direstion would dessribe hslieal pathe about the earth's magnesie
f*@id iincs, and re-snter the atzosphero within smell conjugate roglons
ring gﬁaﬂ&gﬁet&c 1atitudes opposite %o those of the points of thelr

X conception of the phercmencn impiies the existence of an
=4 intemsity of coft slectrens.

/ W

LT
o

experiment ot the ?@him@ix@ electron hypotheeis to &
1

double counter tslescops was
seumand are giver in Fige.
a@g“¢®@ &% an mm”?@ of
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Fig. 24. View of the May 15, 1947 counter telescope showing the lead

absorbers in place.
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TABLE I

v

The Relative Intensities of the Soft Compoments of the

Upward and Dowhward Comsmic Rey Flux Observed on May 15, 1947

Time In- Altitude
terval in | im km at
seconds Moan Time
after in Each
take-nff Interval
0=5 .02
5-10 .25
10-18 .78
15-20 1.60
20=-28 2.88
2530 4,50
30=35 5,60
3540 9,05
40-45 12.05
45=50 15,65
50=55 19.05
55-60 25.15
60-64,2 30.75

Pressure | _Particles A
in em Hg
at the
| _Meon Fime 2.5 om P |
65.5 o
64.0 0
60 0
b4 0
46,3 0
36.5 1
27,2 2
19.1 4 «
12.2 3
7.0 10
3.5 3
1.6 3
0.68 o

Ho. of Downwardly Incident

4.5 em Pb
but not in
| 2.5 cm Ph |

0

0

No. of Upwardly lacident

ed in =
4,5 cm Py
but not in
0 0
G 0
0 0
0 (o]
0 0
0 0
1 0
1 4]
2 0
2 i
0 1
2 1
2 0
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CHAPTER IV
THE COSMIC RAY EXPERIMENTS

B, The Counter Telescope Experiment of July 10, 1947

by
5. E, Golian end E. B, Erause

The objectives of thio experiment were suggested by certalin facts re-
veeled im the Vo2 cosmic-ray experiment of March 7, 19472, The large mum~
ber of penetrating showers reglstered in that experiment were apparently
due %0 the inersaced amount of materisl of high atomic number in the immedi-
ate vicinity of the counter telescope. This material, heavy lead shielding,
had been instzlled to absord the showere which were thought to have bsen due
chiefly to electrons, The March 7 experiment demonstrated, however, that
the showers were consideradbly more penetrating than those usually generated
by sleetrons,

The July 10 expsriment had as its purpose the investigation of this
primary shower process. The desigm adopted permitted the obssrvation of
three important characteristies of the showers, thelr points of origin, thelr
extent, and their penetrating power. Two steps were takem to diminleh ths
presence of unidentified elestren showers in the data. First, almost all of
the iead shielding was removed, and the warhsad was coprstructed of material
having the minimum thickness and atomic number consistent with safety. Sec-
ondly, shower protection was furnished by extensive banks of anticeincidence
counters, These were grouped in such a way @s to shed light om the question
of where the showers origimated. The assoclated circuitry bad provisions
for the identification of showers of memy particles. The penetration of the
shovers was tested by three 6 cm lsad absorbers. These were of somewhat
greater thickness than those employed im the March 7 design.

The data were reccrded both by the telemetering system and by means of
a camera recorder. Xifteen types of information were telemetered over thir-
teen channels by duplexing two of the channels. These data and a time scale
wors also recorded by a twenty-chennel camera recorder. Ths neom bulds
were mounted in a single limns rather than staggered. Ytherwise, the instrue
ment was similer to the one employed in the earlier flights.3

The July 10 flight was terminated prematurely and es a result only a
small guentity of data was obtained. The results were, acscordingly, incen-
clusive. During the period of measursment, however, the incidence of roe-
ket showors was significantly leses than in the March 7 experiment.

®Haval Besearch Labvoratory Besearch Report No. R-3171, Chapter IV, Section B.

SHaval Research Laberatery Beport No. B-3030, Chapter IV, Section D,
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CHAPTER 1V

THE COSMIC RAY EXPERIMENTS

C. ZElectronics for the Counter Telescope Experiments

by

B. Howland, C. A, Schroeder,
and J. D, Shipman, Jr.

The electronic techniques employed in the May 15 and July 10, 1947 roc-
ket experiments were, for the most part, similar to thoee used in the earlier
work. They were amply described in previous articles.4 An innovatior was,
however, incorporated in the first of these two experiments.

The electronics chassie is often mounted at some distance from the Gei-
ger counters comprising the cosmic ray telescope. In the May 15 rocks:. for
the first time, cathode followers were mounted directly or the counter teis-
scope freme as shown in Fig. 26, 6K4 triodes were used in this applicaiion
(ef. Pig. 27). The new arrangement obviated the need for double shielding
the long leads comnecting the counters with their electronics. Insteed,
ordinary single-shielded leads were used for this purpose. The main elec-
tronica chassis may be eeen in Figs. 28 through 30. Its location in the Y.2
warhead is shown in Fig. 31.

The modification also resulted in a somewhat larger coumtsr pulse =4
in greater seneitivity. The crosstalk difficulties wers uafortunntely 1. -
creased correspondingly. Their effect was minimized by taking aivantags 7
the difference in amplitude between the true and the spurioue pulszs. A
special circuit was designed for the gride of the imput amplifizss. Eael of
these grids wae returned to BT through a 27,000 ohm resistor sci » 479G 00D
obm resistor in series. The input comnections were made in sagh cage at thne
Junction point of these two resistors, as shown in Fig, 27. Tp. quiescerny
value at each of the grids was approximately +0.2 volts, and ti~ gulesecert
value at each of the inputs was approximately 413 volts, Thiz grid elrcuit
attenunted the crosstalk to a much greater degree than i{ attenuzied the
counter pulses. The 13 volt differential proved to be optimum {¢r the pur
pose of distinguishing between ths counter pulses and crosetalk.

As in previous flights, the number of telemetering channels available
was less than required. Hence, in the May 15 design, four of the elght chane
nels carried two types of information alternately. Parellel jumpers, mounted
externally, were used to duplex the output, Coding was accomplished by
doubling the pulse length of one of the outputs in each pair. The comic ray
events were also recorded on a tem-channel camera recorder,

4Raval Research Laboratory Report Ho. R-3171, Chapter IV, Sections C amd D,
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The circuit diagrem of the cosmic ray electronics employed on July 10
is given in Figs. 32 and 33, Four of the events were duplexed om two of
the telemetering channels. The large number of eventa involving the coine
cidence 1, 2, 3 made it desiradle to develop this triple in three indspendent
clrenits in order to minimize crosstalk. The camera recorder employed in
thie missile bad twenty chennels, giving it twice the capacity of previous
models. Thus it wes possible to record each of the fifteen types of evenis
on a separate channel.

Fig, 26. View of the May 15, 1947 counter telescope showing the cathode
followers moutted on the frame.
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Fiz. 28, Top view of the May 15, 1947 coemic ray electronics chassis.

Fig. 29. DBottom view of the May 15, 1947 cosemic ray electronics chassis.
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Fig. 30. Top view of the May 15, 1947 cosmic ray electronics chassis show-
ing guard grille.

piearniy:

Fig. 21. The
V-2 warhead.

May 15, 1947 cosmic

ray electronics chassis installed in the
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CHAPTER IV

THE COSMIC RAY EXPERIMENTS

D, The Cloud Chember

by

S, E, Golian, C. Y, Johnson, E. E, Krause
and M, L, Euder

Cloud chambers, one of which the Naval Research Laboratory flew in a
V=2 on January 22, 1948, are often used to investigate the characteristics
of elementary particlee occurring singly or in relatively small groups. The
general principles of operation are as follows. A charged particle having
sufficlent energy ionizes atoms and molecules in the neighborhood of ite
path. These newly-ionized particles are potentisl condensation nuclei. The
cloud chamber takes advantage of their presence within it by creating a
supersaturated gas (through expansion cooling), portions of which condense
upon the ioms to form droplets. The characteristics of the droplet track are
in general kmown functions of the incident particle's character, charge, mass,
end speed. To facilitate anslysis, the tracks are usually photographed
stereoscopically.

Cloud chambere as normally used also enjoy the advantages which are
derivable. from the gravitational field. The clearing of dreplets formed
on uncharged muclei 1s due to gravity. Since the V-2 is essentially a freely
falling body after Brennschluss, gravitational effects are not presemt in
the usual way. The Vo2 cloud chamber used by NRL was mounted at some dig~
tance from the rocket's axis, and the rocket was given & upin.s The cen-
trifugal force associated with the rocket's spin thus afforded an alterna-
tive method for accelerating the droplets relatively to the cloud chamber.

The cloud chamber may be expanded randomly, i.e., without reference to
knowledge of the passage of a particle,or it may be eontrolled by counters
to expand only wher & particular type of event has occurred within it. In
the Janusry 22 V-2 flight, random expansions were made; first, beceuse this
wag simpler; and, secondly, because estimates of the flux indicated that
there would be many tracks im each expansion.

The chamber which was flown in the Yanuary 22 V-2 was of the pneumatic
type, 6 in. in diameter and 3 in. in depth. The assembly associated with
it is partially visible in Fig. 34, and is diagrammed in Fig. 35. The
chamber proper consisted of a glase cylinder closed by & plate glass top

SThe attempt to spin the V-2 was not completely successful; a period of 29
seconds was odbtained.
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The cosmic ray cloud chamber assembly mounted in the ccnteol

.
chamber of the V-2,

Fig.
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Diagrsm of the coesmic ray cloud chember.
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and & rubber diaphregm base. An aluminum plate was cemented to this dia-
phragm, and the plate in turn was covered with black velvet to improve the
photographic resolution, A palr of one-centimeter parallel lead plates
were mounted in the imterior, dividing 1t into three chambers of equal
characteristic length.® The lead plates permit ome to distinguish between
different types of particles by observing absorption, shower production,
scattering and reduction in ilonization after a traversal. The plates also
served as electrodes for the clsaring field.

A steel housing was bolted to the base of the chamber., This housing,
which can be seen in Fig. 34, served to make the unit light-tight and also
to provide an intermediate-pressure reservoir of compressed air for the
operation of the chamber. The mirrors and flash lampe were mounted inside
this housing, The camera and the batteries and condensers msed %o operate
the lamps wers mounted in aeparate contaimners at the top of the main hous-
ing. The servo system associated with the expansion ratio control was also
mounted externally to the main housing, immediately below the clouvd chamber.
A1l of these units, as well as a compressed air storage flask and a wiring
distribution unit, wsre mounted in quadrant 1 of the control compartment in
the manner shown in ¥ig. 34.

The plane of the chamber made an angle of twenty degrees with a trans-
verne plane of the rocket.

The chamber was filled with & mixture of argon saturated by ths vapor
of 0.9 emd of ethyl alcohol and 0.6 cm® of water. This mixture was main.
ined at a pressure of two atmospheres,

Expension was accomplished through moving the aluminum plai
pressed a2ir. Yhe plate's excursion was determined by ome fixed = -
justabls atop. 4An expansion ratio of about 1.07 wes used. 4 schematic
disgram of the pnoumatic system is given in Fig., I8, Power for the ewpan-
sion was obiained from & nitrogen flask, chargsd initially at 2,000 psi
with & quantity of gas equivalent to 2even cubic fest at ntp. The pressure
was reduced to that actually wsed in operating the chembsr by two Grove
regulator valves in series., The housing 1tself served as the lower-pressure
reserveir. Two Sylvania F1. 333 flash lamps in series provided the light
source for the ophotographs. They were flashed by three 32 U f condensers
vhich were charged by & 2,400 volt battery. The flash time was esiimated
at ons millisecond. Light from the flesh ismps was collimated by & polished
refiector and a doubly-convex plastic lens., 4Yhis arvengment gave two bsams,
eack one inch wide, which were redirected inte the chember by aluminum frond
surfage mirrors. Four fifty-candlepower lamps wers used for visusl obser-
7851 0%,

eThe characteristle length is the ratic of the snclogsed wvolume %o tha
enclesing surface. The rate at which a chamber's atmosphers cools is a
function of this ratioc,
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A 35 mm Argus model A-2 camera was modified for the purposes of the ex-
periment. It mounted a two-inch £/4.5 Wollensak enlarging lens. The camers
was used without a shutter. Fastman Linograph ortho film and an £/5.6 set-
ting were used. Am aluminum mirror, appropriately mounted, was used to
provide the second image for the stereoscopy.

The chamber was cycled once every twenty-five seconde by the control
elsctronics mounted in the warhead., Thie equipment, designed and construc-
ted especially for the purpose, is described in detail in the next section.
A complete cycle of operation was as follows. The cycle began with ths re-
meval of the clearing field. Approximately 0.05 seconds later the expansion
was initiated. 4 mechanical linkage caused ths resulting motion of the cham-
ber diaphragm to actuate a microswitch which controlled the flash lamp cir-
cuit. The lamps flashed 0.15 seconds after the expansion, exposing the
film. Recompression of the chamber began shortly afterward. Simultanecusly
with this, the clearing field was reapplied and the film drive motor was
started. This motor was stopped, five to seven secomds later, when the
advancing of the film counter momentarily opened the circuit. Ths remain-
der of the eycls was set aside for the clearing of the chamber.

The rocket motor is usually found more or less intact in the impact
wreckage, Accordingly, a length of half-inch steel elevator cadle was
threaded through the midsection and anchored to the motor. The other end
of the cable was attached to an aysbolt on the camera case, and to & one-
inck steel bar supporied by extensions of the battery case. These latter
anchoring peints avre visidle in Fig. 34.

The rocket cams apart much later than msual im this flight. Waea i3
did, shortly befors impact, the warhead and control chamber bwyuku &
the rest of the rockst in spite of the cables. Thess were seversd. "
warhead and control chamber entered the earth nose firszt at about bwenty
degrsea from the vertieal. They dug a clean crater about elght feet in
diameter and six feet deep., The cloud chamber wes totally destroyed, the
camera's container was broken open and the camera itzelf was smashed. The
film cartridge was found after two feet of earth were execavated ip the
region of the comtrol compartment which had been occupied by the clound
chamber. The crater appears in Fig. 3 of Chapter I, and the remaims of the
camera contaimer and parts of the cables are shown in Fig. 27. Several
breaks in the cables may be seen.

The film was successfully developed and a number of acceptable photoe
graphs were obtained., The analysis of thess is now in progress.

63




2
[RVS: 4

The cloud chamtor film canister as it was recovered after the flight,

Fig. 37,



CHAPTER IV

THE COSMIC RAY EXPERIMENTS

E. Equipment for the Automatic and Remote
Control of the Cloud Chamber

by

C. Y. Johnson, M. L, Kuder
and C. A, Schroeder

The proper operation of the cloud chamber required the occurrence of
& number of events according to a predetermined sequence. Thie ssquence, oOr
cycle, of events was detailed in Section D. It was controlled automatically
by means of electronic equipment which was specially designed and construe-
ted for the purpose. The equipment included circuits for both counter-con-
trolled cycling and periodic random cycling. Only the latter circuits were
used during this experiment. The equipment also had provisions for check-
ing the operation of the chamber during fiight by means of voltages recorded
on the telemetering record.

The self-cyeling control circuit which wee used in this expariment is
shown in Fig. 38, It was a modified cathode-coupled, dlocked multivibrator,
consisting of the tubes labelled V-1 through Ve4, and V-7, Vo3 and Ved
were normally conducting; V-2 was normelly nom-condueting. V-7 supplisd a
fixed 75 volt bias to V-1, the trigeger tube. Relay 1 was used to select
either counter-controlled or periodic cycling. In the Jamuary 22 experiment
it was operated energized, allowing the circuit to act as a freely-running
multivibrator with a period of approximately 25 seconds. The period could
be varied by adjusting the value of the resistance in the discharge path of
the grid circuit of V-1. Provision was made to do this remotely by means
of relay 3.

The typical sequence described in Section D was comtrolled by the
electronics as follows. V-1 conducted, reversing the multividrator and
energizing relay 4 in the common plate circuit of the V-5 and V-6. This
removed the clearinz fisld and de-energized relay 5. The latter was &
delay relay which opensd about 0.05 secords later, ensrglizing relﬁy 6,

This action opensed the expansion valve, closed the cogpression valve and,
in turn, energized relay 7. When the diaphragm reached the proper point in
the expansion, it mechanically closed a microswitch which, in turn, closed
relay 9. The latter action comnected the grid of V-8 to B+ through an r-¢
cirecuit. The cathode of VY-8 was biased at +90 volts. Its zrid reached
approximately this level 0.15 seconds later and the tube conducted. The
energy stored in the flash lamp condensers was thereby released, flashing

the lamps. A second contact on relay 9 broke the B+ 1lead to prevent ths
circuit from osecillating.
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The comtrol maltivibrator returned to the normal state after a short
period. Thereupon the eycle of evenis reversed. Helay 6 opensd, closing
the expaension valve and opening ths compression valve. LBelay 7 was a slow
release relay, hence the opening of relay 6 also energized self-locking re-~
lay 8. This started the film winding motor. & switeh at the camera broke i
the holding comnection on relay 8 and stopped tne motor at the proper time.
The grid of V-1 then centimued to rise toward 70 volts during the remain-
der of the cyele.

Indicatione that the chamber expanded, the lamps flashed and the film
advanced im each cycle were telemetered to the ground station. A 100 ohm
resistor im the grid return of the flash lamp batteries was used to furnish
& positive voltage to telemetering during the chargingz of the flash storage
condensers. Sultabls dividers placed acroes relayz 8 and 9 gave step~func-
tion indications while the film was advancing and ths chamber was expanded,
respectively.

The eircuits permitted the manusl opsration of the cloud chamber during
the testingz periods before flight. Provisions were included for & longzer
expanslon time, for disconnecting the camers motor, and for the use of con-
timious illuminmtion (by means of ordimary incandescent lamps)o

2. The Bewote Coptrol Eguinment

The c¢loud chamber was more seneitive in its operetion then most of the
instruments used in the rocket studies. It was, therefore, particularly
important that it bs poszsible to assess its performance and mawe coriain
critical adjustments in the cruclal pericd lmmedistely befors ¢
The pature of the rocket operations wes such that these evaluzil
Justments bhad to be made remotely, for the mest part. s I
control egquipment was built apnd installed to permit the study, operation
and regulation of the cloud chember from the blockhouss.

<

The apparatus consisted of a unit irstalled in the blockhouse, circuits
in the rocket and a fourtsen-conducior cable connecting them. The equipment
is illustrated im Fig. 33, The ceble entered the V-2 at & pullewsway plug
in the tail, A achemetic disgram of the unit appears in Fig. 40.

Two switches on the comsole pansl wers comnected to relay 2, making it
pogsible to eycle the cloud chamber sither once or continuously. The most
important part of the remote equipment was the expansion comtrol unmit. This
made it possible both to determine vhat the expansion ratic actuslly was,
and %o change its velue. Ths mechanism controllinz the expansion ratic
zlso determined the setting of o potentiomster im the rockei. 4An identical
potentiometer was mounted in the blockhouss remote conbrol unit, and the two
were fed from a common voltage supply. The two potentiomester arms were con-
nectsd through sensitive directional relay 18, two opposite contacts of
which wers, in turn, conmected to pilot lamps. ¥*hen the two potentioncter
arms had different settinge, either oms or the other of the pliot lamps
would be 1it; when they had identical ssttinge, neither lsmp would be 1it.
Thus the balance (or unbalance) of the potentiometer bridgze circuit was
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Fig. 39. The blockhouse unit of the cosmic ray cloud chamber remote control
electronics,

reflected in the balance (or unbalance) of the relay and the pilot lamp
indicating circuit., By moving the potentiometer arm in the blockhouse and
observing the balance point as registered by the pilot lamps, it was possible
to know, in the blockhouse, the expansion ratio setting in the V-2,

Hemote adjustment of the expansion ratio was accomplished by means of
the same circuit. The arms of relays 16 and 17 were also connected. to a
reversible d-c motor which drove the expansion ratio screw and indicating
potentiometer through a geur train., When the relay was unbalanced, the
motor could be started by a switch at the blockhouse station., The direction
of rotation was determined by the relay and was always such as to decrease
the difference between the settings of the two potentiometers of the bridge.
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When the balance was re-established, the bridge relay assumed its neutral
position. This opened the power circuit of the motor, stopping it auto-
matically. Thus, it was possible for an operator in the blockhouse to
cause either of the two bridge potentiometers to duplicate the setting of
the other.

The remote control equipment also indicated, by means of relay-cperated
pilot lamps, whether the chamber was in the expanded or compressed state,
and when it changed from ome to the other. The unit included a counter
which counld be switched into the circuit to record the total number of ex-
pansions occurring after any given time. Provieion was made for reading
the temperatures at two points on the cloud chamber. Thermistors, embedded
in the upper and lower ripngs of the chamber, were connected to the block-
house where their resistances and the corresponding temperatures could be
ascertained. The meter shown in Fig. 39 indicated the value of the voltage
supplied to the equipment in the rocket.

Several error preventing provisions were incorporated in the remote
contrel equipment. For example, the changing of the expansion ratio while
the chamber wae expanded might damage the gearing. Hence, power for the
rocket expansion ratio control motor was supplied through relay 11, which
was closed only when the chamber was in the compressed atate.

The remote control equipment made it poseible to make all the necezsary
edjustments to the cloud chamber from the blockhouse during the eritical
period immediately before the firing. The electronic control equipment
inatelled in the rocket operated the cloud chamber auntometically thronghout
the flight, and furnished indications via the telemeter of the satiefactcry
performance of the various key components,

69




*90TU0I00Te [OI3UOS ej0Wed JOqEEYD PROIO Aed dFWSO0D oyYj JO wexdelp 3INOILH

03 cm.n&

1k
! P xS
s7i00l e 0oz
lll_ %4 I
a 82y % L4
a vz —
-y —— vez
M0I1U28-00C S @ m@w
—— :}_mm o
- 8l
A4 vel /| avi3u
m A2l L2 -
v ;iOOnl__,I LII'O-
A SdWVT1 LOTId \
e @\\ ONILYDIANI
~— — AVI3Y
SH3I311038 & ]l&ll,.lo JAILISN3S
WAIN3TE3S — Zm_um vze
[J
L
nee
¥3L3W i
- 01IN3L0d F ¥ ¥ ¥ ¥ ¥
%01 ¥
HENI STVLSANOD
vee: wel
T T T T T T | T&=——=——= wvi swpown gorow _________ __ __ — T T
8 HOLOW- 4 O j J _| €l AvT3Y
v HOLOW - 3 0 >3._mm —
Amwo.ho,mﬁ —r NOLLNG HSNd _ _ [Ll
- O
(¥} 1H-"Lod _|\DJ ; _ #
Alddns
39VLI0A 20O ; e s | _ i |
¥IO0IYL | HOLIMS i |
35N0H HD018 = E— . L —
HOLIMS
~OuIIW N2 STIW -0
¥ §313N
, —
L1NdN) ] 2l |_
24 AbZ+ et 31018 AV13Y r
v 8 Q30NWIX3 ,
——— _ J1V1S _
(v} aNo o 1 o . ] _Smwum%co
= Av3Y v !
, S G ] e — _
1ndNI A : | v 8 | ﬁ # - ﬁ ? _
AGIH' 09 [ E—— 1 v3738 i[ !
o- | Y3LINNOD / _ 3 _ i MOTS | N P —
,sz %001 S | FIIW|LL

70




CHAPTER V

GEOMETRIC PACTORS UNDERLYING COINCIDENCE COUNTING
WITH GEIGER COUNTERS®

by

Homer E, Newell, Jr;

The eoincidence rate of a perfectly efficient two counter
telescope embedded in an isotropic field of radiation is ob-
tained in terms of the radiation intensity and the effective
dimensions and separation of the counters comprising the tele-
gscope. By means of the formulas the counting rate may be lo-
cated between an upper and a lower bound which in most prac-
tical cases differ by only a few percent. The information
embodied in the formulas is alsc presented graphically in a
form convenient for ready calculation of tke ratio of coin-
cidence rate to rediation intensity once the effective dimen-
sions and separation of the two counters are known.

The coinclidence rate of a counter telescope depends not only upon the
intensity of radiation in the surrounding space, but also upon the effec-
tive dimensione and efficiencies of the counters and upon their positioms
relative to each other, Formulas are obtained below which give ihe colne
cidence rate of a two counter telescope in terms of the various guentitiss.
1isted above. It is assumed that the counters are jdentical right circuliar
cylinders, the effective dimensions of whieh in practice are to be determin-
ed by appropriate calibration, and that the cylinders are placed paresllel
to each other with the line joining their geometric centers normal to the
axes, By means of the formulas the counting rate may be located between an
upper and a lower bound which in most practical cases differ by only a few
percent. Curves are provided, by means of which the calculations may be
effected graphically.

The formula for the counting rate N, mey be put in the form

§,= GI,
where G is a factor depending upon the geometry of the telescope and upon
the character of the radiation in which the telescope is embedded. In the
case of an isotropic distribution of radiatioen, I 18 the intenceity of the

*Thie was published in The Review of Scientific Imstruments, Vol. 19, p. 384
(1948), Shortly after publication, however, an error was discovered in

Figs.5a and 5b., Corrected figures are given here.
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radiation. If the radiation intensity varies with zenith angle ¢ in accord-
ance with a cosine squared law, then I cos2 is the radiatiorn intensity.
Only the former case is considered in the present paper. The latter case
will be treated in a later paper.

2.

The drewing of Fig. 41 shows two orthogomal projections of a two
counter telescope. As indicated, the counters are eqnal right circular
cylinders. The projections on the left and right of Fig. 41 are made re-
spectively onto planes parallel and normal to the axes of the counters. The
axes Hy' HY and H"Hp" are parallel to each other and mormal to the line
C!'C" joining the geometric centers of the ecylinders. It is convenient to
think of C'C", or VV, as vertical, in which case H'H', H'H" and the counter
axes are all horigontal.
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Lines LL, L'L', MM and M'M' are the traces of planes orthogonal to the
respective planes of projection. Planes LL and L'L' are parallel, the for-
mer being tangent to the upper counter along an element of the cylindriesl
surface, and the latter similarly tangent to the lower counter, as shown.
Both planes make an angle o with the vertical. Plares MM and M'M' are
likewise parallel to each other, traversing the counters in the manner de-
victed. Both make an angle 3 with the vertical.
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The four planes LL, L'L', MM and M'H' form the boundary of & prismatic
tube as shown in Fig. 42,in which the labelling of Fig. 41 is retained. The
parallelogram DEFG is a right section of the tube. On DEFG the two counters
have & common projected area 0 , labelled JEPG in the drawing.

Angles ¢f and (3 uniquely specify the direction of the edges of the
prismatic tube. Hance they likewise serve to fix the direction of rays
which travel parallel to the edges of the tube. Assuming counter
efficiencles of 100 percent, such rays give rise to coincidences if they
travel within the tube and cross the area O . By summing for a unit time
gll such rays corresponding to the different values of o and (3 between
suitable limits, and correcting for inefficleney of the telescops, the
coincidence rate of the telsscope can be determined.

3, A formula fox

The number edNy of registered coincidences per second caused by raye
coming from a small solid angle 4 2 about the dirsction [ oc,,B ] is given
by the relation

3.1) oy=e1(a,B)0(a,B) aZ(a,B),

where I is the radiation intensity, and where O has the meaning assigned
to it in the preceding section. The quantity edN2 is composed of the mum-
ber dN2 of rays traversing both counters multiplied by the efficlency e of
the telescope., It is assumed that the telescope 1s adequately shielded
against lateral irradiation, so that the number of registered coincidences
is directly proportional to dN,.

Integration of 4N, over a suitable range of values for O and Jol
yields the number N5 per second of rays which traverse both counters end
come from & specified solid angle 2. Generally, the last three factors
on the right of 3.1) are functions of O and./?, so that the expression for

NZ takes the form
Ngzj JIO’dE.
z

When the radiation is isotropic, howsver, I is constant and may be removed
from under the sign of integration. In such a case,

N2=Ijgod2.
2
The integration in the above formula is carried out below to obtain
the total coincidence rate of a perfectly efficlent two counter telescope
in a region of isotropic radiation. For this case the solid angle 2 in-
cludes all directioms. The actual integration does not always extend over

the complete sphere, however, since O vanishes for all directions [a,8]
for which no rectilinear path can traverse both counters of the telescopse.

h




Mo reover, the symmetry involved is such that the integration cam be carried
out over & sinzle octant., Thus, finally, the expression for Hz ia

O Bo
2.2) N2=81j g calr ,

0 0
where both Olp and 5, lie between zero and —g— .

To carry out the integration of 3.2) it ie necessary first to express
0 and d 2 in terms of ¢ and B . The latter may be so expressed simply by
employing a suitable transformation from familiar spherical polar coordi-
nates © and §, in terms of which
d2 = ein 6d64P .

Both sets of coordinates are shown as arcs on the sphere drawm in fig. 42,
from which 1% may be seen that

& = arcetn (cos O tan B )

m
T e - °
d 2

it follows directly that

0 (e,8) - . cos o .
ola,pB) 1 - sin2 sine f3
and that
4.1) #in 6 = — c0s B .

1 - sin o sin2 f3

Finally, combining these, the expression for 4 J~ is obtained:

4.2) 4z = cosd co8f . aaxap .

[1 - sin20 sin2 B ] 2
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5. The sres O ia tevac of O and B

X

¥ig., 43 combines the moterial devlsted in Figs. 41 and 42 1lnto a slaogls
three dimensional drawl 1o 2liling in Flg. 43 colncldes with that of
Figs. 41 and 42 whersve ) o ar. Por exmmple, in all thres
figures MM repreasnis B MMt LL, LLT, Ha'Hp',
Yy oo, BTE clated with a dofinilte
ntity.

HptHat |, H'H
goometric ent

The prismatic tudbe of Flz. 42 appearas a2gain ia Fig. 43. In the labter
case, however, both eounters of the telescope are shown in the relation~
ship they besr to the tube. As in Yig. 42 the right section of the tube is
labelied DEFG. The "shadow” cast by the upper counter onto DEFG 1g DEPGD,
It is obtained by orthogonal projection of D'E'P'G'K' omto DEFG. Similarly
the shadow cast by the lowsr counter is FGJEF. The imtersection of the two
projections is JEPG, the arsa of which is the quantity O of 3.2). For the
discusslion below it is convenieni to express this area im the form

o = area (JQFK) + 2 x area (PGK).

The quadrilateral JQPK is & rectangle the width PX of which is equel
to P'E?. By reference to Fig., 41 it is readily verified that

P! = & (0 - sin ), 5:% .

The length WP of the rectangle is given by
WP =QT - PT
= 4 cos (angle between HiHy" and QT)
- (projection PP'R'T onto PT) .

With the aid of Fig. 42 it may be shown that the angle between Hy"Hy" apd
QT is -—g—- - 8 . Also, PP' and R"T are both perpendicular to PT. Hence

QP = [ sin 6 - (projection of P'R" onto PT),

The sngle bstween P'R* and PT is ©, and P'R" = a cos . Using 4.1)
it follows that

QP = fsin © - a2 cos ¢ cos O ,

5.1) P = a AcosB - cos? @ _sinfl A ____%__ .
‘/71 - sin® & 8in2f
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Pig. 43,
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Thus
area (JQPK) = o° (0 -sincr) (A cosf8 - cos® ¢ 8in B ),

Wl - 8in? o ein?f

Twice the area (PGK) is the projection of twice the area (P'GK')
ontc the plane of O Henece

2 x area (PGK) = 2 x area (P'G'K') cos € ,

since the anzle between Hy'H,' and the edge of the prismatic tube is O, and
since these are normal respectively to P'G'K' and PGK. Twice P'G'K' 1s
gimply & eegment of height 4 - a gin O cut from a circle of diameter d. The
area of such a segment 1s easily obtained, and as a result

2
2 x area (PGK) = a2 [_%_ arccos 2 sinad -0

cosx sin 8

J/1-sin20 s10°B

+%( 0 - 2sin¢) dsindl - ainzot:|

Finally

. 2
5.2) g = 2 (6 - sinoa)( A cosﬁ - cosl sinB )

]/1 - sin® o ein?B

2
+{-g——arcco(§—°:;a-«1———1-§—)+% (0 - 2ein O )Vdsina - sinzoe] cos sinf3p.

6. The 1imits of integration®pandfBy

The expression 5.2) for O is not velld over the whole range of values

forcw and 8 . If O be fixed and 3 be made to increase from zero, the area

o changes as shown schematically in Figs, 44a - 44f. Starting as a
rectangle, O passes first into the form of 44a, then into that of 44b in
which the rectangle QPKJ has collspsed into a line. As B continues to
increase, line PK passes over QJ and the rectangle begins to increase in
arez agein as shown 1in 44c. For the case depicted in Fig. 44¢c, O is
given by

6.1) ' 0 = area (EQJ)+ares (PGK) - area (QPKJ) .
Note that the expression 5.1) for QP actuslly gives the length of QP with a

negetive sign in the cases depicted by Fig. 44c. As a consequencs, 5.2)
sutomaticelly passes over imto 6.1) as PK crosses QJ.
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Fig. 44.

Formula 5.2) contimues to be valid for 0 until S hae increased to such
a megnitude B, that P coincides with E, and J with G. For all 8 greater
then B, , 5.2) no longer represents 0 . Ae [3 increeses veyond 8, , P
passes over B to its left, and O takes the form shown in Fig. 448, bounded
by portiomns of the arcs EJ and PG. Vhen BJ and PG have completely crossed
over each other to become tangent as in Fig. 44f, O vanlishes and the
corresponding value ,80 of § is the upper 1imit of integration in 3.2).
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The integration limit O ie given by

6.2) ¢, =arcsin d, 0 - ¢
a

To obtain [, simply set QP +EG equal to zero and solve forB . It
is to be remembered that QP is negative, whereas KG is positive. Thuse

a Acos B - cos? ¢ sin B + K'G' cos 8= 0.

‘ﬁ- sin? o sin?f,

an sinC - sincQy

Beplacing K'G' by

meking use of 4.1), and solving:

6.3) By (o) =arcctn Qfg—-[comamlféaina - sinf ] °A='=2,_°

Fionlly, B, cen be determined with the aid of Fig. 44f, _From symmetry
considerations it is plain that W, the point of tangency of EJ and ﬁ-, is
the geometric center of the rectangle PQJK. The length of PQ is, therefore,
twice the length of X'W! projected onto the right section of the prismatic
tube, where X' is the midpoint of P'K', X'W! ig paresllel to K'G', and W'
lies on the arc P'G', Thus

2
cos 0 sinfy - A cosBy _ o 02O sin B, Vé - sino

a
V; - sin? ¢ singﬁo ‘[1 - sin® o sin2f,

2
6.4) ,30 ( o) = arcetn coza [coa o - V6 - sin o } °
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7%, The coincidence rate of the two counter telescope

Reyrite 3.2) as follows?

Lgt By, end Noy be given by

@Zo )
7.1) E, = szf c{a,B)a 2
0 (4]

and

e

<
o
AN

Oy B¢

ggﬁ§=g2@+azj\ j o (a,B (a)aZ,
° B

where o (o, B ) 1s given by 5.2).

The information ecllectsd im the foregoimg sections mskes o7 =
to write E’zm/agﬂ and Egﬁ/&al as functione of § and A, whers & = & an.

&
A= §-= . This may be seen by reference %o 4.2), 5.2), and 6.2)=-7.2).

The integration of 7.3) has been carried through pumerically for the various
values of § and 4 . Fig. 45 preszents ths resulis graphicelly ia the form
of a plet of sz/&zi versus 0 for a number of values of A .

The quantity Ez% exceads the actual coincidsacs rate Egg ot by &
relative error no grsealter than

oy = K
E—_—M_

Fom

& plot of 100E vsreus G appears im Fig. 46.

The author wishes to express his thanke %o Miss Elsavor Preossly for
verforming the numerical imtegraticns of the present paper.
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CHAPTER VI

ATMOSPHERIC STUDIES AT VERY HIGH ALTITUDES
Introduction

The section'e program for the study of the upper atmosphere yislded
resulte up tg altitudes of 120 kilometers during the first four cycles of
V=2 firings. Further measurements of the pressures in the upper atmosphere
were attempted in the V-2 flights of May 15, and July 10, 1947 and
January 22, 1948, The first of these rockete exploded prematurely at
about 33 kilometers altitude. As a result, no data were obtained in the
region of interest above balloon altitudes. The measurements which were
made up to 33 kilometers did agree within experimental error with balloon
meapurements which were made fifteen minutes after the rocket flight. This
sarved as another check on the valldity of some of the rocket technlgues.
The mazimum altitude reached by the July 10 V-2, cut down for safety rea-
sons, was only 16 kilometera. While the flight contributed little of
direct value to the atmospheric studies, it did serve as the first test of
& new wire accelerometer. Thie instrument is described in Section A, On
Jamary 22, for the first time, measurements of atmoapheric pressure were
made in the winter season at very high altitudes. These midwinter readings
are discussed in Section B. They are also compared there with data
obtained in previous rocket studies.

16¢. Naval Research Laboratory Report No. B-2955, Chapter 111, Sections D
and E; Naval Research Laboratory Report No. R-3030, Chapter IV, Section B;
and Naval Research Laboratory Beport No.R-3171, Chapter VII.
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CHAPTER VI

ATMOSPHERIC STUDIES AT VERY HICH ALTITUDES

A, A Wire Accelerometer

R. J, Bavanr snd H. B, Lalow

1947 sz in 0?&@%
ring 4
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20 ani &re nod
connterad in a
DT nis appllcation
" 14e time constant (0.5 seconda)
arate measuremonvs, yelt loag

Commere

N
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wire and & gas of Wi?fﬁmamt

of conv In goneral, such currents
the presence of 1d of the gravitstionsl types. The
iz exchanged is a functior of the raite at which the gas
elatively to the wire. The r stence of the wire 1s, in
of ite tompesrabure.

u@tﬁ@ﬁ Care

The instrument used im the July 10 rocket consisted of a 1 mil platimm
wire whick wes mounted coawxially with & brass cylinder. The cylinder was
¢ ce long, kad ar imner dismeter of 1.5 cm, and was sealed at both ends.
The chamber contained air at atmospheric pressure. This unilt was placsd
in seriss with 2 94 olm dwanpﬁnm rosistor across & 24 volt bvattery. The
resistance of the platinmum wire element, end the voltage drop across i,
were functiome of the relative acceleratione of the wire and the air
molecules within the eylinder. This voltage was telemstered to earth.

The instrument was calibrated directly, by means of a centrifuge, for
values of the acceleration which lay between 1 g and 8 g. An indirect
celibration method wes used for accelerations less than 1 g. The wire was
maintained at a temperature 300° C ebove ambient. The resistance was
measured at several pressures between 1 aimosphere and 0.5 atmospherss.

The rediation and conduction losses were sensibly conetant since the tem-
perature difference was constant. The convection losses decreased with ths
pressure, however. The corresponding curve was extrapolated to zero
pressure to furnish an estimate of the resistance of the wirs im the
absence of convection losses.
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The wire accelerometsr has several featuree which render it particulary
useful for rocket studies. It does not require an amplifier. It is small,
reasonably rugged, and easy to construct and instell. Its semsitivity can
be increased by filling the cylinder with heavier gases (e.g. argon) at
higher pressures. The qualitétive data obtained with the accelerometer
during the July 10 flight indicate that these advantages are real and that
the instrument will perform satisfactorily in the V-2,
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CEAPIER VI

ATMOSPHERIC STUDIES AT VERY HIGH ALTITUDES

B, The Pressure and Temperature of the Upper Atmosphere
on Jamuary 22, 1948

by

¥. R. Best, D. I, Gale, R. J. Bavens
and H. B, Laloyw

Prepsure measurements were made between the altitudes of 23.9 and 128
kilometers duripng the Jamuary 22 V-2 flight. A considerable number and
variety of pressgure geges wore used in the experiment. The instruments
were similar in design and comstruction to those employed omn October 10,
1946 and March 7, 1947.2

Nine of the prescoure gages operated satisfectorily and gave good data

during the filisght. The locations and the pressure ranges of thess gages
were a8 follows?

Pressure Range

Gaga in mm He Location®
Pirani 30 - 10 Tail fin 1
Pirani 10 - 5 Tail fin I
Pirani 10 = 5 Tail fin III
Pirani 2= 0,2 Tail fin 1
Pirani 2 - 0,2 Tail fin III
Pireni 107 - 1072 Tail fin I
Pireni 1071 - 102 Tail fin III
Philips 103 - 1075 Warhead base
Philips ' 103 - 10-° Warhead base .

2Cf, Navael Research Laboratory Beport No. R-2955, Chapter III, Sectioms D
and E: Naval Research Leboratory Report Ye. 8-3030, Chapter IV, Section Bj
and Naval Research Laberatory Report No., B-3171, Yhapter VII,

3The Pireni geges were mounted on a circumference of the rocket 15 centi-
meters forward of the leading edge of these fins. One of the Philipe gages
was mounted in the half-plane of tail fin II, the other was mounted in the
half-plane of fin IV, Ths access apertures may be seen in Fig. 14. The
warhead surfece wes truncated conical in this region, the elements making
an angle of 11° with the missile axis.
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lonization geges were also mounted on the same circumference as the
Philipe gages (cf. Fig. 14, Chapter III, Section A). Had the former gages
operated, each of the types would have served as a check on the other. The
lonization gages were sealed in the Laboratory to prevent the fiiaments from
oxidizing at the relatively high pressures obtaining in the lower atmosphere.
The seals were to have been broken at the proper altituds by an automatic
device in the roeket. Only one of the seals was broken. The expcaed gage
gave preéssure readings which were much teo high, however., This may have
been due te alr escaping from the warhead into the gage chamber,

The interpretation of the data is made difficult by the fact that the
rocket motion after Breanschiuss contained anm umueusl amount of yaw and
pitch. The actval motion is not kmown precisely as yei; hencs the results
presented here are provisional, particularly for the altitudes above 70
kilometers,

The rocket had a 29 second roll pericd after Bremnschluss. 3Becauss of
this, the readings of any particular gege of a pair mounted on opposite:
sides of the rocket were duplicated approximately 14.5 seconds later by
the other gage of the pair. The two gave the same readings at certalm times
uring the flight. &% certain of the guedrature times, however, the read-
inge of such a pair actuelly differed between themselvee by a factor of
5063, This wes due to the yaw and pitech of the rocket. The erratic, and
ey yeb not completely kmown, rocket motion hasg made 1t impossible to relate
accurately the pressures read at the crossover pointe to ambient pressurss.
Egtimates of the true pressures may be made, however, on the following
basis. The Taylor-Maccoll theory asserts that pressures along & cone are
greater than ambient by a facter depending upon the cone angle end ihe
relative velocities involved. Ths factor appropriate to this exsrimant
was 1.5, provided that the rocked's axis and veloclty vector wer
Thie was obviocusly nmot the case when gages of a diametrically opposed paisz
wore not reading equel pressures, Thersfore the factor was less %han 1.5
at crossover points, due to the decrease im rem pressure. During descent
observed pressures could be greater or leass than ambient by as much as 50%,
slnce the rocket might have been falling either nose first or tail first.

The Jameary 22 V-2 took off at 1:12 P.¥,, M.5.T. The pressures ob-
served during this flight are shown in Table V amd Fig. 47. The considera-
tions of the previous paragraph were not gpplied in detail to thess results
since rocket sspect was mot kuown as a function of time. The data were
corrected for the time lags of the gegesz, however. <The errors indicated
are those asscciated with the gages themeelves and with the interpratation
of ths telemetering record., Altitudes were determined from radar informa-
tion snd are sccurate to about 0.5 km. The points shown at altitudes
above 9C kilomsters were derived from the Philips gage measvrements medo at
the %imes when both gazes of a dlametrically opposite palyr read alike, Ths
lael three pressures listed were memsured while the rocket wes descending.
For comparison purposes, the pressure carve drewn from the Mareh 7 data 1s
sbown in Fig., 47, and velues taken from 1t &ve given in Table V.
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Pressures Observed on March 7, 1947 end January 22, 1948

TABLE V

Pressure in mm Hg

Pressure x 10° in mm Hg

151 tude as measured on Altitude ~ed_on
in Km Mar. 7, 1947 Jan. 22, 1948 in km Mar., 7,1947 Jan. 22, 1948
1.2 657 650% 64.6 130 105t 5
2,6 490" 65.9 91+5
7.3 300° 67.2 93 76+ 5
9.4 220% 68.5 60 5
10.7 180" £9,7 62 4415
i2.5 137% 71.0 © 48 3543
13.8 106° 112* 72.2 26 20 +3
14.4 96" 92,0 1.410.03
16.1 77 112 0.1 0.14-+0.01
16.8 66 59* 121 0.035 0.03+0.01
17,7 49% 128 0.005+0.002
20.0 44 49 118 0,017 +0.002
1.7 20° 104 0.2910.002
22.3 28%
27,9 27+ 4
5.0 2013
D57 14+3
50,7 7.4%0,4
.9 6.3%0.3
3.0 4,9%0,3
40.5 2.0%.1
42,0 1.6%.1
43,4 1.33 .1
44,8 1.18 £.08
46.3 1.03 +.05
& 0.88 0.85 %.05
83,90 0.80 +.05
50,5 0.65 n.65 *,08
52.0 0.57 +.05
57,4 0.47 0.50 +.05
0.42 +.04
5 0.31 +.04
0,24 +.04

measured from balloons,
rom V=2 rockets.
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IN mm OF Hg
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Two balloons equipped to measure pressures were also released om
January 22, one at 7:45 A.M., M.5.T., the other at 1:45 P.M,, M.5.7. The
latter balloon read pressures up to 14.4 kilometers altitude; the former
to 22.3 kilometers altitude. These values are also given in both the table
and the figure, together with the results of similar balloon measurements -
made within an hour of the March 7, 1947 V-2 flight.

Temperatures were determined from the variatiom of pressure with
altitude by means of the following formula:d

g(H, - H,)
R (ln -;%—)

where Pl and Po were the pressures at altitudes Hl and Eé, respectively,

and both T and g were referred to the arithmetic meen of these two altitudes.
The atmospheric composition at sea level wae assumed throughout in the
temperature calculations, The temperatures obtained in this wey are plotted
in Fig. 48, Values for March 7, 1947 are aleo given. The January 22, 1948
data were imsufficient to allow the calculation of temperatures for the
gtreta above 70 kilometers. The mean temperature per kilometer of altitude
in the region betweem 75 and 120 kilometers was salculated, however, and
found to be 230° K,
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