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Siolenc s ommunloatlon

Washington, 0. C.I

PROPERTIES OF TE UPPER ATMOSPHERE

Roketscmd* and Satellite Measurements of

:-2ssure. Temperature. Density, and CoaDoeition
Throu Early 1960

IHFW$&TION soUMC AMD

The data given in this compilation were obtained from reports, puolucations,

and direct commur..ation with scientists who have made upper atmosphere ntructure

measurements with sounding rockets and satullites. Data are reported Cor the
30 ti 300 kilometer altitude range. It is estimated that over 90 per cent of

the data available through the Spring of 1960 are presented in this abulation,

Only data considered "publishable" by the authors (i.e., technically !itable

for general use) are inel.-ued.

An effort hos been made to provide an accurate compilation and to present

information about the experimental circumstances associated with the measure-

ment. Should the reader encounter technical errors, corrections will be grate-

fully received and an errata sheet issuva.

The compilers have not "evaluated" data obtained.

Those vbo wish to make 'ritical discrimination among the tabular entries

are urged to review the appropriate abstract-references and instrumentation

discussions cited in this report.

The data are presented in two tables. The first presents temperature,

pressure, and densit7. The saaond presents composition measurements. Both

are arranged by altitude.

Abstract-biblographies of key source documents are presented in Appendix

B. An abstract-bibliography of general review pu0lication on the upper

atmosphere is provided in Appendix C.

The functional principles, an illustrative deeeription, and key references

for the instruments employed In the measurements reported are described in

Appendix A. The instrument discunsions place particular emphasis on sources

of error.



Solenoe Communloation
Washington, 0. C.

Contract Nonr 3071(00) -2-
Final Report
1 August 1960

Properties of the UDper Atmosphere

NOTATIONS IN TABLES

Errors

The "e" columns immediately to the right of the Pressure, Temperature,

and Density columns are the probable errors of the measurement, as obtained

from the author. The notation (nf) (in 6his section and elsewlere) indicates

that the information was "not found".

Flight Number

Most of the entries in the "Number" column are IGY rocket flight c$de

numbers. The system is described in the conversion aida at the end of this

introductory section. Various designations were used for rocket flights made

before the IGY program, and are included whenever they were available.

j Time

Flight times are given in local time (to communicate d.urnal significance),

following the practice in research reports and papers. A time-zone conversion

table is given in the conversion aids section.

Altitude

Altitude is given in kilometer. Altttude measurements at all launch sites

were made by the DOVAP system, which has an estimated accuracy of JL meter. An

altitude conversion table (kilometers - miles - feet) is given in the conversion

aids rection.

Teerature

Temperature is presented in degrees Kelvin. A temperature conversion

table (OK - °C - OF) is given in the conversions aids sections that follows.

I
!



j Science Communication
WashIngton, 0. C.

Project A1RIKs - Contract NOWr 3071(00)
Final Report
1 August 1960

IQY Bociet NuzbeIring Code

Place 1. Directing Agency J_____
Place 2. Instrument'ng Agency______________
Place 3. Type of Vehicle ________

Place I4. Directing Agency's Serial Number
Place 5. Purchaser of Vehicle, If not Directirg Agency________

Bivubols u6ed in Places 1. 2. Ja 2 SYmbRos used in Place J

A. Air Force Cambridge Reae-ch Center 1. & 2. Aerobee
B. BeLi1stic Research lAboratories 3 & 14. Aerobee-Hi
F. National Science FoundatIon 5. Ballaoon-rocket (Rockoon)
M4. University of Michigan 6. !ikm-Cajun
N. Naval Research Laboratory 7. Nike-Deacon (DAY)
S~. Army Signal Corps 8. like-Asp

*9. Loki IL-D~art
10. Spaerobee
12. Aerobee 75

Soo@ O 400 40w

-460 - #00. 400 -14 34 0  ii[2
440 -78-0 Z,40124

- #206 r /so, - _320& 22 0

I00 =.b .p4o /0 -~ 280-

380- - 20 048- 00 /00

1 .340:7 24002

36W- 20--~ /0/--

I 40 4 - /2008

Z- 800 8

284,4110 4

0 0 0
K*- 27&-c eet sO.O0328. 10"q

C#] + 21- rNf 0. 621u M,/e,

ITemperature Conversion Table Height Conversion Table



Science Comma-lication
Washington, 0. C. -

ProJect Ai~RM '=tract Nomw 3071(00)
Final Report
1 Auegaat 1960

Greenwich GMT0O00 0300 060 0900 1200 150 1800 100 21400

Wallops Ilan z1T 1800 210 09000M L 0 1200 1500 F0OO

Fort Churchill CST 70 0V 0 20 0200 0500 0600 1100 X400 700

Whiite k~nde meT 1600 1L 210 0100 01400 070f) 000 510 60

Poin~t M'ugu PgTU!' (O 2100 2 W400 010 01)0 0900 1200 1500

T~r MOVMSICS TABIR



G oetw memunftatin UIPPSIR AT3909PRIMZ NmucI
Washingt in, 0. C. measurements Repolte4 Throng

Alud. pminswe L*iy.
OMtORuMen VOWicl NUMbeII 30 3.0 (P) -la~ - 1r.pge* V-2 28

30 1.2 (Mr) - - Alphata*o Aftobee (or)II 30 - 234I.6 3.o Gzsawde Avrobe@ ec-is8

30 1.2 (IC) * -230 5.0 AlpbatrozPArb (or)

ii 30 * - - 226 8.0 AlpkatroV' Aerobe* (Of)I 30 - 1.862 - spheweo Aerobe@ 30-31
30 * -1.6 Wp IOCASSUOU p6* Aerobve AMR.21

ii 30 -1.8 2 213 4-2 Sphorso xlh-cJUM *16.10
30 1 .4 2 213 14.2 Sphew. lNbs-Cju *16.12

30 4.i3 (MO) 10.3 (W) 220 2.0 Grow"e Aerobe* 31.01

I 30 8.0 (at) 17 (at) 231 2.0 Oren"* Aerobee u4a.05

30 00t 21 (or) 236 2.0 red*Aerobe@ wa.0hI 30 6.8 (or) 'Ai (at) 236 2.0 Orm"Arbe* 310.05

30 7.0 (at) 17 (at) 201 2.0 Ormade MAftbee 0& .07
30 - -* 208 2.0 Oama IAerbee 3161.08

30 ii .8:2 200 Ji.0 he Nlke'Ojun Aff~o

30Ls221 . hease Macobee w 1l0

30 4.6 (at) U.1 Wa) 204 2.0 creme" Arbe* M9i.10
30 1.9 (W) Is (or) 208 2.0 o.d. MArbe@ 116109

301.8 23 4.5 aere* Nike.CsOM AN6.0
30 1.8 2 210 l,.2 fthese* 3lkoOsjil *166.03

Sos me e s ae are takes tie a pub11abea



~ YhwUghUaul DAT0 Project ABZ5 Conitract Newr 3071(00)

Vebd [#nubeg nmd Dal& ime Zen. 3.1mm..Da Net. NOW Km

28 urn 8 D" '7 111.12 MW Spencer 511 (20)- not room -

Aerobes (at) wwo 20OJun '50 06.38 mw silulsk 54 seereernc

Aerobes SO-I8 ur 8 Jun '51 25.31 31 9troad 56

Aerobes (MO m) 13 Sep 1S1 011.37 BlOT KIMMMi 511

Aerobee (at) WVOl 268v~ "51 (at) - PMAM 54

A"46.~ 5031 wm29 sep 1"3 13-50 bw Jome 8

Aerobe NO.21 Churwhun 23 Dat '56 02.110 mw spener 5-1

Nlk*-W.ju AM6.10 N.Atlentlo 11 now '56 12.51 am James 5 7011605 W1%1v

IimC.Jun AK6.12 N.Atlent 10 Nor 156 07.17 Ow Jones 59 65036u1 580 0)3'v

Aerobes 31.01 aau'eblll 12 Sow 156 05.118 car stroud 60 & BandeeU

Aerobes 311.03 Chubul 23 Jul '57 23.30 onT Otroud 60 6 sadeen
Aerobes 311.01 Oauwbll 12 Avg '57 10.00 COT troud 60 & Deadien

Aerobes M1.05 Churchbll 19 Aug '57 20.30 CM' 9troud CO & Bandeva

Aerobes 511.07 Churchbll 1 Doe '17 22.00 car troud aGO enismn

Aerobes 311.08 Oburcbll Ih ko '57 15.00 COT 8tmoud 60 P.

]ik*-Mjun ".02 Chuvbhll 253 Jan '58 13.12 car Jones in

MArbe* S3(..0 Churchll 27 Jan 158 12.118 ef Jams

Aerobes 30.10 Churll 27 Jan '58 12.119 OW Wtood 600 lase

Aerobes 311.09 Churchbll 27 Jan '58 00.0k1 MT strwan 60 Boanei

Ibs.Da3. Am6.o03 ChurcblU 29 Jan 156 13.06 COT Jame 59

lk-CJma AM6.0 Churchll 11 Her '58 13.30 m Jom 5

Niks-Caju AU6.09 N.AtlAntle 2 Nor 'I9 12.W& ai Jon"s M918 ' 4892d

ire taken from a publimsd eons. Mntrfolatiam tar tabular preseftatlon my~ bws Introduced an error of 5



' SGIsme Communloallon UPPZR ATMOSPUNRE UT3UCTV
Washington, D. C. Nealmments Repouted ThIewugh

Alttude Premt Dest Temperatwe
3 1. ~fg .. gm 5  .% *I .' hstnmmtalion Vehide Nuubi

SALM2=I lUm 30-40 Ms. (C

SI 31 12 Or) 3k Oft 939 2.0 craems Amrb" .

32 IL 1.8 .22 939 '5.0 $hW Spkezy AX7.0

f~ 33.3 - - - 231.5 4.5 Game Aerobe* 50-16

33.7 - - - .999 2.1 Grow"i Amrobeg Wan9

II 35 - - 2 60 2.0 Crwdsa~ Arobeg 40-8

35 --- -935 2.0 ar.A.e Aerobec 60-3

- -- *21.2 9.0 Gremade Aerobe* uQ.o64 3.*i 2 60.7 1.4 armad* Aerobes 60-8

35*9 2 31i.9 i2.4 r" Aesobse 80-i

38.7 2 53.0 2.e, ar eArobe* sc-18

ThIese entries ae tab=s from a pubished cumv



PRESS STRUCTURE DATA Project ARIES -Contract Nonr 3071(00)

eperted Through Rmaly 1SOf

Plac Altitude
'ohldo Number Fixod Date Time =0 Rfeoe woo Data Notee R KU

RAIn 30-o M. (00=olu06) ...

eoe iSa.02 Cburoh11 21 Jul In7 22.16 OW 8troid 60

N-2 AIi7.0 Oe wlas 9 Ju '" 13.0k s jge 562

roo W-16 w 22 Dec °50 02.10 Im Stroud 56

arobee 3-20 MNI 1w'1 02.46 IwJ Stroud 36

eooe 30-8 we 1 JUL I 0 01.37 onT blsn m

robeg 30-1l VS 11 a"0D '50 1.06 1! welenr 5I4

br We sI.o6 C'hurcb1l 25 Avg 137 08.08 CST Stroud 6o

Berobee 80-8 vS A4 Jul 'I0 01.37 J6 Stroud 56

"robe SC-14 WSO U De 00 20.06 Om Stroud A6

bee 9-.8 8 Jun '11 23... UT Stroud 56

'N

from a pub1Ushed ourwe. Isiterpojletion for tabular presentation my we 1ntroduoed an error of 3.

,2- of

30



Soienoe Communloation UPPER ATNOUPHERE UTRUCT
Washington, D. C. Measurements Reported Through

Altitude Pressure Density Temperature
S Km. mm.Hg. 0.% q/mA 0,% OK e. oK Instrumentation Vehicle Number

ftm  ALTMERJ 1AIS 40-50 MR.

4 40 2.0 10 . .. Phillips gag V-2 21

40 5.0 (it) . .. .- Pgrent 5 * V-2 28

I 40 2.0 10 . .. . Pillipsgage* V-2 45

40 3.0 (M) - - 269 5.0 AlphatrovP Aerobee (EC)

hO 3.0 (1t) - - 271 5.0 Aphc.ror Aerobee (re)

40 . .. . 277 8.0 AlphatrozD Aerobee (it)

40 - - 4.5 (it) - . Sphere Aerobee 80-29

40 - - 4.5 ) - - Sphere* Aerobee S-30

40 - -,.5 2 - - Sphere* Aerobee 8-31

40 - - 3.8 .28 272 16 Sphere* DAN-2 AM7.02

40 - 3.0 (it) - Iontzatlon gage* Aerobee AI;.21

40 - - 3.2 2 240 4.8 Spher&' Nike-CaJun A46.1o
I-

40 - 3 3.2 2 233 4.6 Sphere* Nike-Caju A1i6.12

40 6.Oxl0 "  1.71 (nf) 240 3.0 Grenade Aercbee k 41.01

40 2 7 (it) 3.3 (it) 265 3.0 Grenade MAtrbee a0

40 2.1 (it) 4.1 (it) 256 3.0 Grenade Aerbee 811.03

40 2.0 (rt) 3.8 (f) 260 3.0 Grenade Aerabee Mock

40 2.7 (n) 5.1 (it) 25 3.0 Grade Aerobe S1i .05

40 252 3.0 Grenade Aerobee 8Mi.06

40 - . - 245 3.0 Grenade Aerobee ..07

40 1.2 (n) 2.2 (r) 227 3.0 Grenade Aerubee 81.08

40 - - 3.7 2 223 4.5 Sphere* Nlke-Cajun A146.02

40 - - 2.3 2 250 5.0 Sphere* Aerobee SW.10

,o 1.0 (n) 2.1 (i) 233 3.0 Grenade Aerobee 8112.10

1 40 1. ' (it 3.1 (rf) 225 3.0 Grenade Aerobee 81141.09

40 :..o 2 28P 5.6 Spbere* Nike-Cajun A146.03

These entries are taken from published oa



WUPHERE STRUCTURE DATA Project ARIE - Contract Nonr 3071(00)
s Reported Through Uarly 1960

AltitudePlace Range r
Vehicle Number Fired Date Time Zone Reference Data Notes BgeU w

M5ft ME 40-5 0 MR.

T-9 21 WSO 7 Mar '7 11.23 MR Isao 5

V-2 28 wwo 8 Dee '17 14.49 MW spsm or 54 (M) - not food

V-2 45 wS 28 Jan '9 10.20 Iaov 5o 4

Aerobe* (r) IWO 20 Jun '50 08.38 m 8i61ns 014

Aerobes (rt) VWO 13 Sep '51 04.57 MST ioaolk:L 54

Aerobee (Mr) IPO 26 Sep 151 (it) S Spenoer 51

Aerobee S0-29 Iwo 11 De' 52 (0f) - Jones 38

Aerobes SC-30 live 23 Apr '53 (of) -james 58

Aerobee 8U-31 IwO 29 sep 5% (it) - Jones 58

DAN-2 A147.02 Wallops 22 Jun '055 13.04 3T Jones 56

Aerobee ANW.21 Churchill 23 Oct '56 02.40 C8T Spewor 58-1

Nike-Cajun Am6.lo N.Atlantio 4 Nov '156 12.% 0m Jones 59 57046x 460 1'w

Nike-Cajun AM6.12 3.Atlantic 10 Nov '56 07.17 me Joe 59 6503'1 580 03'V

Aerobee 811.01 Churchill 12 Noy '56 05.I8 C Stroud 60 & andeen

Aerobee 041.02 Churbill 21 Jul '57 22.16 COT Stroud 60 & BoWeen

Aerobee 541.03 Churobill 23 Jul '57 23.30 CS Stroud 60 & Bandeem in

Aerobee 814.04 Churchill 12 Aug '57 10.00 rav Stroud 60 & Bandeen

erobes 8141.05 Churchill 19 Aug ''57 20.30 ,,3ST Stroud 60 & Bae 2
Aerobee 81.06 Churchill 25 Aug '' 08.08 CST Stroud 60

Aerobee 8J41.07 Churchill 11 Dec '57 22.00 COT Stroud 60

Aerobee 811.08 Churchill A1 Dec '57 15.00 CST Strou 60 & Bandeen

Nike-Cajun Am6..02 Churoill 25 Jan '58 13.12 0fT Jones 59

Aerobee 02.10 Churchill 27 Jan '58 12.48 C Jones 8

Aerobee ale.iO Churchill 27 Jan '58 12..9 cm Stroud 60 & Bandeen

Aerobee 314.09 Churobill 27 Jan '58 00.04 COT Stroud 60 & Bandeen

ike-Cajun A16.03 Churchill 29 Jan '58 13.06 CST Jones 59

ie taken from publishei ouwve. Interpolation for tabular preentation wq have introduced an error of k %.

-3.0



golenoe Communioation UPP3R ATMOUPHURU UTRUC

Washington, 0. C. Measuremensts Reported Throul

Altitude Pressure Density Temperature; 1: Km. anm.Hg. O. % g/m0 . 'K o. KR Intrumentation Vehicle Numbn
ALI RANI n05 M

1.0 - - .O 2 145 4.9 Bpber** Nke-Cajiw Ai6.o

10 - - 5.0 2 210 1.8 pbesre' Nike-C&Jun A46.c

1.0.5 - -253.1. 2.3 Grenade Aerobe* SC-20

1.1 2.1 (Re) - 1i11up PRO Aerobes (Mr)

1.1.6 - - -251.1. 1.1. Grenadle Aerobe@ SC-8

1.1.8 - - *261.5 1.6 Gread.e Aerobes IC11.

1.2 1.7 (Dr) ph - - u11p 6640 V-2 31

1.2 2.0 (af) - - - Prussure gags* V-2 13

1.2 - - -262 5.0 Grenade Aerobee Ch

I 12.1 - - -266.5 3.2 Grenade Aerobe@ (00)

1.3.5 - 266.5 1.1 Grede Aerobe* ac-16

J 15 1.441 (p) 1.8 (p) - - lonIzation afte Aerobee 31

4 15.11- - 311 (p) Ionization gage Aerobes, 31

- 15'.3 - -263 2.7 Grenade Aesrobee 8C'20

4 16.9 - - -261..2 2.3 Grenade Aerobee BC'18

1.7.1 - - 257.3 0.1. Grenade Aerobes (at)

I 17.5 - 267.5 1.5 Grenade Aerobe* S808

1.7.3 . 255.6 3.1 Grenade Aerobee (It)

46 1 .cZIO1 (it) -- -phIllips Sageo (Dt) (a)

4.8.1 - - 266 1.1. Grenade Aerobes, SC-2k
1.8.2 - - - 270 3.6 Grenade Aerobes ("t )

J 1..3 -- 262.6 .1.1. Grenade Aerobee (nf)1 *fTheme entrIe s are taken from a publimbf



KOIPERE STRUCTURE DATA Project ARIES- Cont-act Nonr 3071(00)
to Roperted Through rarly 160

Place Altitude
Vehicle Number Fired "0te Time Zone Reference Data N31es Range, Km

4.12zs VAPO Ro-1o50 MD. (cont.)

Nike-Cajun A46.05 Cburchill 4 Mar '58 13.30 CST Jon 59

Nike"CaJun M6.09 N.Atlantic 2 Nov '159 12.10 Ow4 Jowie 59 8*57 IN 48 0 2'W

Aerobee SC-20 WD51 1 Nor '51 02.46 Mt Stroud 56

Aerobee (Mt) WSPO 3 ae '1 09.. MWi Ravena 52 (n)d- not fouM

Aerrbee SC-8 WS81 A Jul '450 01.37 1WT Stroud 56

Aerobes SC-I WSP Dec SO 21.06 1b6 StrouA 56

-231. 1181 22 Jan 148 13.13 IOU? l~mneSS2 & 0w 54
200

V-2 1.3 1151 5 Aug 'W. 18-37 MWT Awa 52 & a ov 5

Aerobee0 SC-i. 1a1 U Dec '50 21.06 1WT Waloer 51&

Aerobee (EC) 1aM 24 Sep '52 20.50 MST troud 56

Aerobee s-16 111 12 Dec '50 02.10 4ST Stroud 56

Aerobee 31 Holloman 22 Oct "12 07.21 )T Spencer 58 2 (p) - P"11Imwj,
see reference

Aerobes 31 Holloman 22 Oct 152 07.21 MI? Spencer 58-2

Aerobee SC-20 11 1 Nov 151 02.116 NST Istroud, 56

Acrobee SC-18 1181 8 Jun 'S1 23.11 1ST M8trcu

Aerobes (t) MO81 2 Apr '53 03.19 MS? Stroud i

Aerobee 80-8 111 11 Jul '50 01.37 NST Stroud 6 26
Aerobee (it) 18 22 Oct '52 20.45 1T Stroud 56

(af) (Df) Zquator U iy '150 16.00 WS eaven- 52 near Chrletwo Ian

Aerobee 8C-li. WM U Do '50 P1.06 NW Stro%4 56

Aerobee (it) 1181 21s Sep '52 20.0 WT Stroud 6

a-obee (iL) 1181 17 Feb '53 24.00 WT Stroud 6

are taken from a publiled curve. Interpolation for tabular presentation may have introduoed an error of 6 5%

so
30-.-



SolIenoe Communication UPPER ATMOSPHERE 3TRUI
Washington, D. C. Meauvensets Ropeuftod Theel

.;Utud* Prewaur* Dest mprtr
K"4Em OMA.g g/na' q.% '1 *, I NSWAunmntan Vshicle muma

AlZ1JZB RAME '0-50 Ms.

199- - -283.7 2.2 Grwalda Aerobe* (tv



SPHERE STRUCTURE DATA Project ARIES - Contract Nonr 3071(00)
Reportoed Through Early lse

Place Altitude
vehicle Numb" F1ed Date Time Zone Reference Data Not., lkgera.

M RAM 10-50 MR. (conolude&)

Arobee (i) wooG 33. Avg '53 22.03 mw stroud 56 (r. )- not fourd

---- _

2

3.



S...".. Commuu,~a~on U10pP3 ATNOIPHIRE ITRUI
Washington, 0. C. Keauvmiente Reported Thyow

VI'.9 ' ihtwntatim Vehicle NMb.
ALTI UE RANGE2 50-60 Ms.

j 50 - - - 3153 25 Onf V-2 21

50 7.5z10- 10 - -billips Sge*6 V-2 21

50 9. o210 1 (nf) - - 220 (at) Mi age V66 -2 28

50 7.5X10-1 (nf) - - Ph111ips 86 V-2 314

5c 8.5Xz10- 1 (it) 3.93101 (at) - -Prssure 6666ge 163

50 6.0110 1 10 - - -Philip$ 6.66' V-2 163

50 6.h1h01 (at) - -,iIupg 6"o. Aawobee (at)

50 9.Qu101I (no) - 270 5.0 Alphatronv Aerobes (it)

30 -- - 265 3.0 Gremisd Aerobes 80-10

50 9.5z10 1  (of) -268 5.0 Alpatro* Aerobes (It)

50 -- - 269 9.0 Alpliatrot Aerobe (it)1
50 - - 1.0 (11t) - - SPbere* Aerobes BC-23

50 0.79 (p) 8.5 (P) - -AlphatroP Aerobes 3

50 - 1.0 (it) - -Sphers* Aerobe* 80.29

50 - 1.0 (at) - -Shr'Aerobes 80-30

50 -1.0 2 - -Spherw* Aerobs aC-32.

50 - 8.0ZL01I .3 269 5.0 Sphere' DN-e £847.0

50 - 1.0 (at) 283 (it) Spheret Niks-asjun A846.01

50 IS1. (P) - Zr1:ation &V* Amrbee AM3.21

50 -- 6.01101 2 285 5.7 whre ike-Cajun £46.10

-0 6.5x110- 2 260 54P Sphere* Mike-Vajwi £346.12*

50 2.2uI1I (nt) 45z101 (at) 260 4.0 Orewde Aerobe* 0111.01

50 7.6z101' (of) 1.3 (at) 270 j4.0 Gaemde Aerobes 110

50 5.0210-1 (at) 9.2z1101 (mt) 275 4.0 Oremade Aerobe* M6.03

j 50 6.8x 1 (af) 1.2 (at) 272 4.0 Gread~e Aerobes SK1.014

50 6. xo~~ 1.9. (or) 265 4.0 Oramae Aerobe* 8111.05

I. I* Ies* entries are taken from r publiab



HERZ STRUCTURE DATA Project ARIES - Contract Nonr 3071(00)
poetd Through Early 196S

MO Attude
we Number Pd Date Tin, ". R - Dta Notes R -nge, M
R1anC 50-60 ma.

21 Wo 7 lr '147 (nf) Best 47 (Et)- not found

kE W1O 7 Nor '47 11.23 mT LOGOW 54

28 WG 8 Doe '47 114.42 mT Spenoer 514

34 "W 22 Jan '148 13.13 mBT Bhens 52

113 woo 5 A S 518.37 am uavens52 h 10ov 54

45 28 Jon 'h9 10.20 NOT 10ov5

rob" (at) woo 3w )U'9 09. AI MRv0 152

bes (at) wo o Jum ,o 06.30 am 8olamkl 5k.

obes O0-10 WO 16 Oct '50 2.00 m Welaser %11

rolve (ft) WNo 13w se 51, 011.37 ISM Kalnk 511

be (at) 26 Sep '51 (Wt) spnoer

roboe 8-03 WIN 14 M '52 (or) Joes 58

rbe -I Nalkmn 22 Oct 59 07.21 OW Spemer 58-e (p) relaitarys

Oboe 8c-2 WSO U Des '. (at) Jones 58 a" reference

*oboe SC-30 woo 23 Apr '53 (r.?) Jame 58

oboe 8C-31 29 Sep '53 13.50 Nm Jones 58

1-2 A7.02 WaLlops 24 Jun ' 13.011 an J: I n%
-Cajun AN6.01 Wallops 6 Jul '56 13.00 NUT Jones 59

*boe AN2.21 Churchill 23 Oat '56 02.0 CUT Spenme 58-1
a-Ca4un AM6.1.o .. to.tlo 4 Now '56 12.54 O Jnams 59 7%6'.n 146%1',f

Do CaJm M06.12 I.Atlantio 10 no '156 07.17 UT James 59 (403 611 503. ISO

be 0141.01 Churchill 12 Nov '56 05.48 03? StIoud 60 & deen
Oboe 834.02 Churchill 21 Jul '37 22.16 CUT Stroud 60 & aden

-be. 8111.03 Churchi 1 23 Jul '57 23.. CRT Stroua 60 & Mteer

,bee 41.04 Churchill 12 Aug '57 10.00 CT Moud 60 & Biaa 2
oboe 1141.05 Churchill 19 Aug '57 20.30 CST Stao 60 & hMaemv
Lken fran a published curve. Interpolation for tabular preentatian m bave Introduced an error o t 5%,

-6-3



Solence Communleaion UPPER ATNOUPHZRtE 3TRVC
Washington. 0. C. NMaasuiw*=*ts It.peuId Yhroul

I'ZTU 50M5-6 h
50 26 -4. Gaade Aeoboe* (.

( 50 2.4&101 (air) 1.9Z10-1 (at) 256 11.0 armcade Arobe

50 -- 7.5210~ 2 253 5.1 Spber* E1be.Cajua A6ae

50 - 1.0 2 255 5.1 "hre Agobee 9112.10

50 2.8u10-l (of) 5.5ulo" (ad) 257 (111) Grnadme Aerobe 36.10

50 3.0zlO" (at) 6.21101 (at) 252 11.0 OrAde Aarobee 530.09

50 -- 9.5%10k 2 280 5.6 fpbere* Ul1ke-Cajun Atd6.03

50 -- 1.0 2 263 5.2 46"10e Nlk@eCajua AK6.03

50 -8.%10-1 2 955 5.1 Spbera Nike-Cajun AH6S.09

50.1 U 309 P Alpbatraml Aeroboe 31

51 - 6.0h101  (P) - - onizationgaee Iike-Cejan A166.38

51.5 260.1. 1.7 0rerae Agpwnbee SC-18

52 ,.7z1101 1.1 - -Phillips 66480 Agrobee (10)

5501 - -- 261 5.9 Groede Agrobe 3016

53.3 - 263.1. 1.7 Grenade Aerobes 3C-20

53.3 - - - 278.2 3.7 GreadAe Aerobee (9f)

511 - - 271.1 11.0 Grenae Aerobee (cc)

51. - - 6.oz101I (1) *- Zonlatlcc Pee Nlim-Cajian 1je6.37

54.7? - M-515 1.7 Gruad~e Aerobee BC-14

51..7 - - 262.5 0.1. Gred Awrobee (et)

* The entries are taken frce a published



BE 8T3UCTU 3tZ DATA Project ARI - Contract Nonr 3071(00)

led Threugh Early 1160

P'.ael 
Altitude

Number Fred Date Time Za Refreneo Data Notes Km

3 50-60 Ms. (co0t.) U.

1 3M 2.06 Curolll 25 Aug '7 08.08 COT 8troud 60

1.Q07 Oburelll U Doc 'VT 22.00 COT Stroud 60

IM1.08 Churchill 14 De '57 17.00 an Stroud 60 & B eoen

Jun Am6.0Q churoh1u 25 Jar, '58 13.12 COT %;-ago 79

W.10 Churchill 27 Jan 'Sb :P.48 COT Jones 58 -

Churchill 27 Jan '5 12.49 SIT Stroud 60 & anesla
(at) not sad

911.09 Chrhil 27 Jan '158 00.04 CD troud 60 & Beaod'

lun "6.03 ChurchiLl 29 Jan '58 13.06 COT Jons 59

lun AM.05 Churchill k mar '58 15.30 CBT Jao5 59

lut AM6.09 N.Atletic 2 NOT '59 12.40 am Jones 59 L8 NJ 1221 W

31 2l0o1ma 22 Oot '.e 07. P NOT Spower 58-e (x) prelmlnaq, seereg eme

un AN6.38 Osurabil 21. Ihr '58 12.30 COT Spencer 78-1 etm

SC-18 N 8 Jun '51 23,11 M, Stroud 56

(Mr) MO 6 9ftp '9 09.57 Jar Havens 52

ac-1i6 wM 12 Dec '50 02.10 MWS Stroud 56

SC-20- MO1 1 Nov 051 02.1.6 XNl Stroud 5,;

(ot) WJ22 Oct '02 20.45 W Strod 56

(M) u 2. Sep '7. 20.50 Nor Stroa 56

tan AK6.37 CMrchill 24 1eb '58 Ol.y COT Spencer 8-

SC-11. woo U Doc '50 .0. 6 HOT strou. 56

W(31) 10 1. Apt 'J 03.19 MW ktroud 5/.

ca a published owurv. Interpol c. ! ar tAbu:., r prseentation 1sy have lntrJ4(.,ed an error of ± %.

-7- "7" 1Is



i lenoe Communloalton UPPSR ATMOSP RBMUZ STRU-
i Washington, 0. C. Meammiremewts Reported Tkxou

I Altitude Pressure Det t urit
0& MaV,.. .0 . ,%ietm"twom Vehicle - umbe

OF ALTXW RAN=50-60 -E-

I - - . 252 1.0 Gread Aorobeo mc-1

55.4 - 265.6 Ii.6 Greaa Aerobetv B0-18

56 - - . 219.7 3.8 0redae Aerobes 80-8

! 58 3.0z10 (ot) .. eeuro eq w 4

58 - 262 5.6 Or--ae Aerobes 5-10

i 5 8.1 - J39.9 1.9 Grenada Aerobes (0r)

58., "  1 - 259 1.6 Gead.e Aerobes (at)

5e - - - 256.97.2 Orenade Aerobes LC-18

59 2.Oz10' (at) - - - - Ph~lllPe saw~ Aerobes Wp)

59 2.3xI10k (a) - -Pb~ips sew (11) (31C)

j 5 -- - 263.9 4.2 Grenada Aerobe* (90)

159.3 - - 21i6.2 1.8 Oramide Aerobes (100
59.6 - M54 -. 3.8 renad Aerabee t)

- -m- _ - - -I -_ _ _ _ _. - a__________

II
n



33 STRUCTURE DATA Project ARMS - Contract Nowi 3071(00)
rted Thweugh 3sv1y 1960

Attitude
Place Rung*. KO,

NKumber Fied Date Time Zone Roemene Data mat"n

B C'114 1* U o 10 21.06 Im lsenw 5

B m- 8UP 8Jun 151 23.t1. bw 8tro" 56

80-8 WRIG 14 Jul 150 0.137 Nw Strovi 6

435 Aug '1.8 18M~ AW hESTn 32 & ZaOWv~ (at) not found

SC8-10 won0 io Oct 150 214.00 Wu~ Voewr 5k 3m

Of (w, how0 ~ 1" 29.36 bw 3trowl 56

* c-2 130 8 Jun '51 23.1 NW stroa 56

(0) 0 tJG3 Y'4 9.14 Nw Neves52

(09) spator JA Ihy t~o 16.0 ma BNavm1 39 ws aftstma island

(at) N 22 Ot'15 20,16 Nt strouaA36

(1r) 0w 17 b'53 23. W m Wood 6

(of) We. 94 'IN 20.50 NW toad 56

rom publUbeW. cumv. Interpolatla far tabular preseetatlon my have Introduced an error of



SIsonoo Communlostlon UPPER ATNONPRERE STRU4
Washington, 0. C. Measuremts Rerted Thvov

Altitude Pressure Density Temperature
iz. mm.jg, e.% g/m a, %. 'lK .. 'K Itrirmetniot Vehicle tiumb

IL OHMS3 RAN=Z 00-70 EN.

J 60 .. .. .2 25 (,t) V-2 21
60 2.2%Wxo (nf) - - 250 (or) P1ran ge* V-2 28
60 - - 5.OxO "  (at) - - Pressure 6 ageR V-2 14

60 2.540-1 (mt) - - 240 7.0 A rhtrm Aerobes (t)
60 .. .. 250 5.0 Grenade Aerobee S-1

60 2.51101 (at) 238 5.0 Alphtron* Aerobee (M)

60 .. .. 2140 12 Alplatroe Aerobee (a)

60 - * 3.5xz1. (ot) - 8phere* Aerobe* SC-23

60 2.3z x10 (p) 2.8 (P) 277 (p) Alpbatron* Aerobes 3.

L 60 - 4.5zlOt (at) - -sphereit Aoz-bee S-

[ 60 - - 3.wox0 "  (ot) - - sphere* Aerobee 8C-30

60 - " 2.0WO 2 "- Spheref Aerobee SC-31

. 60 - - .17O1 1 242 4.0 sphere* DAIN-2 Am, .01

60 - - . (,,t) - - Sphere* Nike.Cajun A96.0

60 -. x- -  (P) - Ionizatlon s.0 Aerobee AJM.21

60 - 2.010- l 2 273.5 55 phere Nike-Cajun ANI.1.
60 - - 2.OxlO01 2 240 4.8 sphere* Uke -Caun A96.10

60 6.&10"2 (at) 1.1,u10"1 (Wf) 260 5.0 Grenade Aerobee l1.OOJ

60 2.1x10-1 (at) .2xlO0l  (nt) 260 5.0 Grenade Aerobee tl.0;

60 l.8xo-1 (nf) 3.5 1O-' (at) 260 5.0 Grenale Aerobe@ &N1.01

60 1.7xlo"  (it) 2.711o01 (t) 258 5.0 Grenade Aerobee 6..O

60 1.8XL0 Z1 (at) 3.xlO1 (nt) 255 5.0 Grenade Aerobee SM1.01

60 .. . 255 5.0 Grenade Aerobee MM,

60 * - 14.Chl0' (O) - -- Ionization ia s* Aerobee.E1 AC.01

60 - - 242 5.0 GrenAe Aerobee S1.0,

* ese entries are taken from a publish,



TRUCTURE DATA Project ARIES - Contract Nonr 3071(00)
hvough Early 1960

Place Altitude
Number Fo.d Date Time Zoe Reference Data Notes Range, 1m
lKa. 300

21 S 7 mr '147 11.23 MW Best 4'" (t)- not found

28 woo, 8 Deo '47 14..2 IW Spencer 54

143 S 5 Aug '18 18.37 Mw Haven* 2 &aOw 54

(or) o 20 Jun '50 08.38 w1 Sioln.t 54

0-14 WP. UDec '150 21.06 HOT Stroud 56

(Mr) W-I 13 Sep '51 014.37 MU Sioineki 514

(at) wsMo 26 Sep '151 (Mr) - Spencer 514

c-23 wo 14My 152 (nf) - Jos58

31 Hollown 22 Oct '52 07.21 MR Spencer 58-1 (p) PrelJanN273ue reference

80-29 Mrs 11'52 (of) - Jones 58asrt
m

IC-30 WSiG 23 Apr '53 ("r) - Jones 58

S-31 WSPO 29 Sep '53 13.50 DO Jones 58

A1.0 Wallops A Jun '5 13.04 ST Jones 6

A46.01 Wallop* 6 Jul '156 13.00 iT Jones 59

A .21 Churchill 23 Oct '56 02.40 CST Spencer 58 -1

A6.10 N.tlantlo 14 Now '56 12.54 Ow Jones 59 570461 46 iW 1N

AM6.1 N.Atlantlo 10 Nov '56 07.17 O' Jones 59 65036.3 58°o3'W

511.01 Churchill 12 Now 156 05.8 CST Stroud 60 & Basna

Sl .02 Churchill 21 Jul '57 22.16 CS? Stroud 60 L kaneen

511.03 Churchill, 23 Jul '57 23.30 CST Stroud~ 60 & udsaeen

S41.04 Ciurofl U 12 Aug '57 10.00 COT Stroud 60 & Bensen

811.05 Churchill 19 Aug '57 20.30 CST Stroud 60 & Pandeen

sm.06 Churchill 25 Aug '57 08.0 8 CST Stroud 60

AW.0l Churchill 1 Sep '157 16.28 CST Spencer 58-1

881.07 Churchill 1 Dec '57 22.00 CST Strou4 60

published curve. Interpo.atlon for t.abulr presentation may have Introdued an error of j .

-9"
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3olenotoCommunloallon UPPER ATNOMPHERE BTRUC
Wahinlgtonl, 0. C. Neasurein ts RePellted Thxeul

Allitude Pressure en Temperature
_KM. -Muai. *.. g' , .K Instrumnautlo Vehicle Number

~ALM=WJ RA= 60-70 Ms.

60 5.7x1O 1 1a20 230 5,0 Greadae Afrobe. DM.08'

60 - - 1.9z10O1 2 263 5.2 sphere* I1ke-CeJun M.02

60 1. - i- 2 253 5.0 Sphers Aerobes 810.10,

60 1. U10-1 (at) 2.2x1101 (21f) 255 5.0 Grenaa Arobs 51e. 10

60 7.1~ (VS) 1.Ux1OI (mt) 250 5.0 Grenade Aerobe*3(.0

60 - - .0110_1 2 258 5.1 Sphere* Nike-Cajun AM6.03

60 - - 2.8x1101 (p) lordnization pge* 111ke-Cajun AN6.371

60 - - 2.5x10'1 2 238 4t.7 Bpbere* Nike-Cajun AM6.05

60 2. - .0101 p Ioaizatica age* Nike-Cajun AM6.38

60 -- 2.91101 2 -Spher~e* Nike-Ca.Jun AM6.09

60.i - 21.9 2.1 Orem" ~ Aerobes Be-11.

60.5 - 21.1.8 5.8 Grenae Asrobee 8C-20

61 3. ia 1 .101 - - - iLlipsw T-2 4

61.2 - - - 211.6 1.. Greae Afobee s0-1.6

6.1.8 - - - 2441.6 0.14 Grenae Aezobee (at)

61.9 - - 252.2 1.3 Gred Aerobee sC-18

63 1.4x1101 (or) - -PblIups sage* Y-2 12

6. -- -- 231. 5.0 Greades Aerobe S0-10

64.1 4 - 233.5 1..0 Gremade Aerobe* 80-10

64.5~- - 2.7.. 2.3 Greade Aerobee SC-11.

63 - 21.5 j.0 Greaac Aerobee 80-11

2 hese entries are taken frcs a pubJ1.hs



OSPURRE STRUCTURE DATA Project ARES- Contract Now 3071(00)
u Reported Through Early Ieol

PlaceAttitude
Vehicle Number Mord Date Time zone Relereuc. Dat Not". R~9 Km

TM! RAM 60-70 a. (amt.)

Arobee 280.08 C.huvohlA. 11 Des '57 1.6.U CST Stroud 60 , avieen

BlIm-Cjun AM6.0 Churchill 25 Jan '58 13.12 C8 Joes 59

Arobee Uw.10 Churobill 27 Jan ',8 12.48 Cv Jeae 58

Aerobee 80.10 Churchill 27 Jan '8 12.49 Car Stroua 60 f taen

Aerobee S1.09 Churchll 27 Jan '58 00.0l CIT troud 60 B eahmna M

Nike-Cajun AS.03 Churchill 29 Jan '58 13.06 CST Jones 59

Ilke-Cajun A96.37 Curchill. 2 Feb '38 i. CGT Spencer 58-1 (9) P1eIdZlS
see watwmgb

hike-Cajun AM6.03 Churchll 14 mar '58 13.0 CST Jones 59

Vike-Cajun Ak6.38 Churchill 24 r '158 12 .30 COT Spesoer 58-1 (at) not feuM

Itke-(aJun Ax6.o0 N.Atlantlo 2 Now '59 12.1.0 w Janes 9 4.805b 8 3 1 2'W
m

Aerobes 3C-11 . O U Dee '50 21.06 m Stroud 56

Aerobee 30-20 1 Nov 'a51 o2.16 Mr stre l6

V-2 15 wh 28 Jan '9 10.20 Mt TAO 51

Aeobee 50-16 VIG 12 De '050 02.10 N" Stroud 56

Aemobee (af) woo 2 Apr '" 03.19 T Stroud 56

Aerobee 8c-18 1610 8 Jun I11 23.11 86? Stroud 56

V-2 12 WiG 10 Oct '46 11.0 MD? avwen 52

Aerobes 8C-10 WN 16 Oat ' 0 21.00 am Strotd 56

Asrobee 80-10 WhO 16 ot '150 21.00 f Stroud 56

Aelobee 8¢-1. ww 11 Dc '50 21.06 am Stroug 56

Aerobee 30-1h MPG 11 De '150 21.06 MW StrwA 56

Ie taken tres a publisbed curve. Interpolatien for tabular presentatIon W is, ..vitidoed GA error of * 5%.

5.



Science communication UIPPER ATIOSPHZIRE ITRUICIrWashIngton. 0. C. Keasuifemeuts Repogted Thufesg

Altitude Pressue Density Temrnrture
L K1. rmm.Hg. .% /ma O.*/ K . 'K Instruinntatioo Vehicle tv~mw.

AWXIMU RAN= (60-70 ML

II 65 1.09X.10 1 (at) - -Phl.ps gags (Of) (at)

65.~-7- - 236 1.9 Gren"e AMrobse (MC)I

1 65.8 - - - - 224.,5 .1.4 Orenaie Aerosee (it)

66.6 - - - 223.'i 1.8 aremade Aerobee Wit

67.3 - 222.1 1.8 Grenade Aerobesea

3 5 7.z1O e (nt) - - -Phllps gage* (af) (20)

68.1 - - - 222.6 o.4. Greoam* Aerobee (at)

1 69.3 2" 3 J. 1.8 Grenadie Aerobee (a)

Thm erre ar -ae -)v a - - -%I



3P33R3 ITRUCTURN DATA Project ARIMS - Contract Non 3071(00)

Rep to d Through Harl / ISOO

Altitude
Flom Range, IRA

Vehicle Number Fired Date Tim* Zon. Reference Data Note 30

NG RANU 60-70 ]cs. (concluded)

(nt) (ut) 12 Do '50 21.00 OT IftV. 52 00 - not toow

Ml4obe* (it) N 31 Avg 1" 22.03 11 Wtod %

AMrobee (t) wo 14 ap '5 22s56 NOT stwout 56

Am-obee (at) WWG 22 Oct 12 20.A,5 AU Rtroua 56

Aerobee (nf) VSIO 2. $ep 'a I 20.0 )Sw 8trot 56 250

(at) Wa) Nquator 1). NmLY '50 16.00 MAT laew 52 near ($ritawa isand~

Aerobee (nt) W 24 Apr '53 03.19 13 8troud 56

Aerobe* (of) Vwo 17 700'5 23.50 alT vadu 56

are taken tra a published curve. Interpolation ror tabular presentation &V ave introduced an error of 5.

so
310
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80lencmb COmmunloaflon UPRANIRR TTV~ Washington, 0. C, UPERsi..t A MOPHERE XThR.

Altitude Preiwur. Resi Temperature
. mm.Hg. 0./. 'XIMP O.% * Instrumontation vohIclo Numb

A~aTUU RAM 70-80 Me.

t 1 70 6.CzWe (or) - - - -mitm~e V22
70 5X2D1 (P) - - - Zo i sa eo V-2 12

;: 2.±0- -2~0 1~(a) V-2 21

70 5.2z10 (a0 *.9IOl2 - - hlpue 12

70 l.8a30 (a) 187 10 AlphatozI ~ Aerobes (at)
70 -- 223 6.0 Gram" ~ Aerobe* 02
70 3A - 19 7.0 AlphatrGzD Aerobes (AO)
70 ).ctiO'2 10) 8 XI (9) 216 (p) Alphatroso Aerobes 3

70 - .Oil .1 (nt) - s pherso Aerobes
71 -9.8z10 (nf) - sphere* Aerobee O

70 -. I - 2 2 - -sphere DAN-2 A?

70 1.0910 .9 2 - sphere* Nike-Cajun AN6.(
70 5 .0u10-2 2 245, .9 spheres ib -cajun AK666

70 -6..u1e 2 -Sphere* IlkwC .Jun W
70 4-.0z10 (At) 9.9z±0' Wa) 215 6.0 Grenade Aerobes wU1

70 4.6X10-2 (at ) 1.04I4Oh (at) 220 6.0 fIrensad Aerobes
70 4.2h10"2 (ae) 9.8X10'2 (at) 215 6.0 Orensde Aerobes
70 -- - 210 5.0 Grenade Aerobes i@0

70 - 9.53a±02 Mp - ItkiZatlOn gag@* Aerob**-hi DA.0
70 -- -- 280 6.0 Grsmsil, Aerobes onQ.0
70 2.OxlOr2  (at) 2.5x1o-2 (at) 21&0 6.0 Granade Aerobes aaa.o
70 - - 2D' 2 g43, 4.9 Ilpherelt Elbe-Cajun A146.0
70 - 4.0z1u' 2 233 4..6 Spherelt AerobeseNRJ

* d@* entries are taken from a publisb



-OSPHERE STRUCTURZ DATA Project AR'MS- Cotract Nor 3071(oC)

Mtn Reported Through Early 1160

Place Awud.
Vehide Number Fired Date Time Zone Reference Data Nte Scale

znORmRAM 70-80 ln.

Y-Q 12 -- G 10 Oct '146 11.0e O Bvne 52 (Or) not found

5- VWG 1 Nor ,46 o9." #. a psmer 54 (p) pra .nin

T-2 21 sw 7 Mar '147 1.23 MT Best l47

T221 W1 7 lir '117 11.23 NT zam 51

T-2 28 N 8 Do '117 A.42 NOT spener 5 1

T-2 34 O 22sJma 18 13.15 14" Navene 52

Aerobee (0) G 20 Jun ,50 08.38 ISO tolml54

Aerobes 30-10 VSIG 16 Obt '50 21.00 bUT Strout 56

Aerobes (at) W4G134 sep's 011.37 No OSelaski 511

Aerobee 31 N1lain 22 Oct '15 07.21 JO Iper 58-e

Aftobev SC-29 W 2]. De '" (at) Jams 58

Aerobee 30-30 VWG 23 Apr '53 (at) Jews 5

VAN-2 A147.02 Va3lops 24 Jun '" 13.04 NT Jones 56

Vila-Cajun AN6.01 Ia.Lo4, 6 Jul '156 13.00 M Jones 59

RIJN-cajun Ax6.0 .Atblat 4 Nor '56 12.% Ow Jams 9 7046' 46°41'V

IN
mike-Cajian A6.22 N.Atlaanto 10 Nov '56 07. 17 Ow Jams 9 O36',, 580031
Aerobee Dl.0 Ourebhi1 21 Jul '@57 22.16 Ow Strout 60 & ndeen

Aerobee 81.03 Churs: "i 23 Jul. '57 23.30 off Strout 60 & ]owem

Aerobee 361.05 Curohill 19 Aug '57 20.30 M' Strout 60 a Neatens

Aerobe* aig.06 Churchll 25 Avg 157 08.08 off Stroud 60

Pl Aerobee-hi Abk.01 Churohil 1 SOp '57 16.98 CST aienoer 58-1.

Aerobee 81.07 Churchill 1 Dee '57 2.00 Cf Stau 60

Aerobee 3M6..08 ChurchIl. Ak DeO '57 15.00 CDT Strout 60 & ]BDaeen

ilike-Cajun *56.09 Churchil 25 Jan '58 13.12 CS Ja 59
Aerobee 8w.10 Churchill 27. Jan '% 12.48 OR Joes 38

i are taken fro, a published, curve. Interpolatlon for t.bular presentation m' hre Introduced an error of * 5,.

8N0 .



Sclne Communlamuon UPP2ER AI303PN33Z SThUC[ Weehinaton, o. C. euiiet Rpze h.

Altitude Pressur D!PA-Y TaiMPOratu
90 Em mm.Kq. 0.% qWnt' 0.% . -K vnhmewanWIi.Num

ALMMW RAM3 70-0 Ze.

70 3.Ox1O-Q (me) 6,z30- (st) 238 6.0 Oamed* Aemob..M

70 1.7210we (at) 3.?*10'e (AO) 2" 6.0 armed Aerobes aB

70 8.5 G- 2 Me 4.8 #Pba*0 ikesO&JU AM6.

70 -- 1.2Z1D-1 () - - X@Itlon iee lk.-CAjun £16.

70 - -XI 1.~1 2 247 4-9 abaw ElkesOMw £16.

70 5.0,0-e ) M - Iosat1@m gesso Nike0.jun Ai.

70 -- 6.,,,0 (Of) - -sphez0' lke-Cam A166.

70.-1 - 211.4 1.8 Orade "raob" 2C-1

72.5 - - 27.1 2.1 0umee Aerbe 0

72.7 - " 10.6 4.1. 0re Aerobee 00t

75 - -2a6.0 6.0 0u~sed Aew~be 80-1
7 5 . - M 5 6 .0 O eeu e A e ob e @ 8C 1 1

76.5 - 204o.3 2.8 amse "robe (Wt)

77 2.A10o eAt' -AI1p - - Mlis.*Arobes at

77.8 - 211..5 1.8 Orewde MArbe* (Mf)

78.7 - - - 203.1. 3.0 ared* Aerobe* (90)

1 * theen tries ore taken from a pmabllsbs



OHREU STRUCTURE DATA Project ARMS~ - Contract Nows 3071(00O.
Droste& Thwough Nauly 1160

Place Aldhud.1
idle FI~d Date now. zom bam Deft. 1406".

M AP= 70-0 Ma. (amouine)

Probes Wn.0 Churchllu 27 Jan 1%S 2. h ow Stw 60.a bdan

Probe* aaa.o (hawoIfl 27 Jan '58 00.04 CUf strc 604& Baulso

Lbe-Cajua *166.03 ChuciU 29 Jan '38 13.06 off Jones 9

Lkk6,C&Ji *166.37 Imurhi2± 21. Feb '38 01. ew giser 0-1 Wi' proludinq

Lke-Cajta *166.05 ChUrclkl Rh Mar '58 13.30 ow JpioeM 589

Lk*-Cajun A166.09 U.At1Ant1o 2 Now 159 12.1.0 aw jonge 00w9tu

Probese 3-10 wo16 Oct '30 21.00 3W stroud 56

Probes (ii) WIG 3 *7 '49 1"411 am m 5o,2

Probes (31c') WUG 1 Fob '53 23-.0 no trakd 56

Probs (00 vSIO 1 Sep '53 22.36 WI PtrovA5

iken frce a publabed curve. Interpolation for tabular presntation Mye Is Introducsd a error of t ~

30



Seonae Communloation UIPP33 ATNOSPAM3R STSRUC'
Washington. 0. C. Measurements Reported Yhroul

ROL IM,~g . /' K. -K hilrumwtade Veid. Number

II 0 .Ozljo- pi) - - Zom1aati6 TI2 15

80 *-200 20 () I21

S1 80 -- 3.502 20 - JJ.p Soo V 21

80 L. "00 ~(8t) 220I (at) firais V- 28

*- 80 9 10 7.0 Grlade Aerobe* 30-10

80 * - .0 0(ef) - - Iber Aerobe* 80-30

80 - - IO0 (at) - gbweUiaJu A166.01

so .8z10 5 - -pbhwe Nlke-ca"i *166.10

80 - 2.5410- 5 - begIke-Ciman *16.12

80 e.7z10' (-W) 2.5&W10 (nf) 174 7.0 Crwd* Aeobee 30.01

W 9.GzJ0_3 lit) 2.&I10 (at) 170 7.0 Orowd Avoi 30.03

80 7.Iig1O_- (cf) 2. IxIu-e (nt) 172 7.0 grm Arbe* "40051

80 - - - 180 7.0 Golliie, wAmbe 51.06

80 - - -222 7.0 oraeI Aerobe 30.06

80 - - IL.52io- 2 46opw 010e-004,M Au66.0

80o 1.0920 2 - eroboo 31910O

80 5.%3105 Of) I-10-e (at) A15 7.0 Orwde MAOo MN~.10

80 6. U10-3(09) 7.530-3 (99) 245 7.0 GrOMe Agwobe 361.09

80 - 25z10- a a lim-cajun *i66.03

80 - - 3.5gb4  (p) - bclatta Vmg. *110-Cajun *16.37

80 - 2.010~e (P) - Ihers Nlim-C&Jun *36.05

80 - .1 3 110q (P) I onization gagel Ni1ke-Cejan *366.38

Ths -nre ar tae-rmapbih



IRMO STRUCTURE DATA Project ARMS Coutract Nour 371(00)
rted T'hrough Bawly 1916

SNumber nhj Daft Tim e. ebreae Data NOW.3~ 31

15 21 Nor'Mi 09."5 m POIw5 3 (P) weltimary

21 7 ma 1147 11.23 mE! lost 147 (it) wt f~

21 wo7 Nor 'k.7 11.23 w mkw5
28 wo8 Mc'.7 AMi1s not! wmr 5

G 6-10 wm16 oat I"0 2L.00 m wtrti5

8 0.30 WNG 23 Apr 153 (a) Jones58

OVAm AJ6.01 wallope 6 Jul 156 13.00 Ut Jam 5

NJ=m AN6.10 N.htAmlo It now 16 12.%1 Ow Jois@9 57%6'9 M601.1'l

WonU Ak6.3 N.Atlamtlo 10 Now '56 07.17 086 Jams." 06-06' "8%3-

ma.oe Churhill 21. Jul '57 22.16 off stroui 606 hBa

8131.03 Churchill 23 Jul '57 23.30 ca st3.om 6OI& MAegM

4M5.05 OburbLll 19 Avg '57 20.30 of 3taamd 60& Budesa

W u.06 Churchill 25 Aug '57 08.08 3%3 .joa 60

1 841.08 Ch~rhill A1 Boo '17 15.00 off stsow 60

Litm Am6.oe ChurchiLl 25 Jaaa '56 13.32 off James 59

1 '.1Q Churchill 27 Jan '58 12.46 OI. Jam. 5
I 8M.10 ChurGAIll 27 Jan '5 *19 Can Stwoug 606 anden

I 341.09 CburohdlI 27 Jan '56 00.04 on strt 606 Bands

NJ= AN6.03 Churchill 29 Jan '56 13.06 Ow Jons 9

mkjm AN6.37 Chuwhll 24701 -55 01.35 aM spece 96-1

ijun Aiil.03 Churll . mar '56 13.50 ef? Jame 59

Rjun A36.38 Churchill 24 He 1M'58 12.30 O' meace 58-1

frmapublished curve. Interpolation oa aua prenatation w7, bave *nrdue an . a

30L.



Solon** Communloadlon uIPvua ATNOSPR3RX
Woehino,0en, D. C. Noauvemomu Rl et

9.00' (p 09 (.pOl Alph"atOu' Mwoe 31mer

-0. - -1. -. arse -sof -e1 -

-o - 16 -) -LW10 -,~ -1

£Z=2=U RAWJ 90-CO ft.

90 3.~0210 - ) 15MtOSW -

go0 - 200 410 Plta&L W4- 2 21

g0 3-U20-3 (at) * - 220 (at) Plrwd i6se V-2 28

90 * - - 180 8.0 go"Aerobe aw.06

90 - 1.oiaoO (Zt) - %*are.* Ilib-ftJis £86.01

90 -1.gz1o,3 (at) - - phwe abeg M8.10

90 - 1.21W3 (of) - *hro 31S-ftjuu £866.03

90 4021 I-r 11.110'~(t 1-Cf.jt Ah66.05

911 1.2jz1o' (of) - - -I1L~pupg V60 V2 311

1hw * meatrem are talma frm a pblb



3p1331 STRUCTURE DATA Project ARIES - Contract Now 3071(00)
Repoted Through 3auly 1360

Placo m
NMU ied Dote* T'u. Zm. Ronreaw Data Not",

ft,-90 Es.

W10J W 1.6 oat 150 n3..00 w titroud, 56

31 Ballon 22 Oct '59 C7.21 NS? Oow 58-2 (P) prelimin
see referaece

(itO- 3 xv '149 09.3) 1w ~ hwens 52 (2t) not fould

0 "6.36 Chuchil 21. Mir '58 19.30 off opmeer %8-I

31 31011o0A 22 Oct '9 07,21 IS? Spencer 5"82Q

!--0 - -.----

20 2 90 l b'1 3.1.16 JT spmer 5-

21 W2P 7 Wr 'I.7 -11.23 m'~ Best 7

28 We BDa %7i 3A.42 mS spencer 51.

im.06 b rnhlll 25 Aug '37 08.08 CU trout 60 ISO

of A6.02 Churchill 95 Joi '158 13.32 CE Jones 59

1 a8.310 ctarobIl 27 Jan '58 32.4 Ca Jams05 12
, A6.03 Churchill 9" Jan '58 13.06 CE Jones 59

wa AN6.05 Churchill 4 .a 1h'58 13.30 on jones 59

31 WUNG 22 Jan '1.8 13913 mw? fthv 52 & LOOM . 100

a a published ourve. Interpolation for tabular presentation mw bav introduoed an error of t s%.

50

-10



lo" oln* Communoat!vri UPPER ATM@3?3333 IRUC
Wahngton, 0 C. m eau re msets- Repe ted Throw

- Pasue w est Temerature
Mm MIg.- 6A 9/0, .% QI 0. Kx Iziiunaautudm vehicle Num

Alm=UJ RANI 200-210 1k.

1 100 6.~0O- C, oulat±am t e* -2 3.3H 100 - -190 (it) j~to B20

Iwi - 295 40 PUMl~Peg06#0 Y-e 2.!

S 100 .bZ1O- (p9 28 (99) Mtew gag** Y-B 28

100 L.bc1O4 30 2-5xz104 50 210 (it) Ph4.1.4pS 11184 Y1ld3 7

II 100 - -198 (zf) Illipe gae Aerbe.-IJ1 M3.131

'110 3.axIO- 20 7.2Z10O 30 - WN

1 n10o- 18 Wp Aupbatrim V,2 20

110 1.0$40 10 - 275 410 Illp gas** V- 21

110 1.11101  Cm) 9.0K104 (ot) - m hlpe pa.' T-B 311

1,10 2.6&W-' 30 5.05I11 30 298 (0~) X1ftum saw* Ukiw I

J 10 - - 1.w10- 25 - I&IIS BPeota~ftew hArobee-f Mo3.1

2 30 (of) Al111zie of"*s Aezobee-9I 03 3.

110 6. UM-20 1.,,io.1  30-U

110 4 .50-5 25 U im Speatromste: Aerobee-El uU3-2

13 - - - 300 500 uZmifr Probe 4pesrbee AM41.

128 - - - - 190 6w0 Zamgmr Probe Ipesrobeeh"1.

1 o ~~~~~7eme antriee are Usksr fromapib1ee



*Y3VC URE DATA Project "=S- Contract Nowi 3071(00)
Through Bially 1968

Numbet fied Dafte Time Za"t ledmoce Dfta Note" H Mw K

110 1h.

3.5 ww23 lo '46 09." Ai awmr 5 (P) prm I"
as* rewore

20 wo20 lob 147 11.16 aM 4Ioce 5 (Xt) not touMdL

7wo7 Aug 51 11.00 1ST Horoiitz 57 s

313F Churchill 29 Jul '57 15.59 CST Horowitz 58

120 Ea.

20 N 20 Fab 147 11.16 aw ftecero i -I
RWe7 Or. '47 1.23 am ZIOW 3

3.1wo 2jion 8 15.15 RM am hv.&aaw~ o

7 woo 7 Aug "511 11.00 Nw N~sowla 37

35517 CharobII1 20 Boy '56 23.31 of Nsos6

NU3.1? Churchill 29 Jul '37 33.59 an Morowitz 58

U33.IW Cburohi11 25 Ift '18 12.017 onf sad~ 60

ADI1O.200 Churchl3. 50 NOT '58 312.36 Ow Somme~ 39

A3110.200 Oaurablfl 300NOT 08 n2. 6 CSmooa3

pub1Ishel curve. IstWPOIAt~on for tabular preseftation wq bave Intaoo a iw or at 5

-16-

3o L



Solenoe Communloation UPPER ATMOIFKERE NTZVC
Washington, D. C. X*Aluureusentu Repeuled Tvu

Altitue Pressue De~t Temperatur
RM -IAV 0i. % g/ml .,% 0i . OR hatruinamu" VOW*d Nimbal

AIE1!'U 1MW 20-130 Xk.

no29 3.SzlO51 w - nalp. agoe* V21

5 120 8.0u10O- 30 1.2b10' 50 270 (at) Ionization Vae* Vking 7

IN0 2.zO g5 NM - bs petvinter Aefbefi2 113.17

10 * -- 370 (3c) philips 6060 Ambeell me.,

10 2.lzlX 0 30 - NU

La - - .. L01 25 W as Sp.,tromter Aerobse-fI N13.10

120 -- 1.Or.1 2 -Wals Spetwmte Aewobe-ZL 03.1w

620 - 6. (mr) - -SatdIJute "bIts (2) M974 IMP7

I" -1.02_10 - ter) - -Phllilps sageR 1I-231

AZIT= RAN=I 330-A)0 Me.

kw13 3.5sz106 30 3-3zld - 50 1.28 (at) Ionization it" Viking 7

130 - - 6.oziu-6 25 Nameb Speotrometer Aemobee-EL 113.-17

130 - - - - 950 (at) Phillips gage* Aerobee-li 113.10

130 1.5x10-5 20 6.i.lh1 30 -

130 - 1.2za1O- 25 -ap - b'petroaster Aerobes-BI NN3.1&'

- - 3.ckl10- 25 Ma lss Spectrometer Aerobs---RI NN3.19'

I 130 - 3. 01z10- (nf) - -Satellite orbits (2) Mb57, 19570

j 138 - - 1800 60C Larguir Probe lpserobee A3NXO.2

I * ~These entries are taken fromn a publishe



,$PEERS STRUCTURn DATA Project ARMS -Contract Nonr 3071(00) 1

Renrtod Through Usrly l60

MOO Aldude
VLUcio Number Fred Date rh-m :O Refeeme Daf NOWes Range. K.

mm 120.-130 e.

v-9 21 7 e '47 1*.23 1*0w ta

* N 0 0'Beat 47

Ylknag 7 VO7 Avg '31 U.o A Aboovit a (57 )- not fouM

Aerobegi 313.17 chmhill 20 Nov '36 23.s of Mamiove 6D

Amrob*4i 313.1 Nhufoil 29 Jul '37 13.39 oa Norowitz 58 3

" H U " H 1a~ov38

Aerebee-2i 103.1r Churohill 21 lob '6 20.W off M.Aovu 60

Amobe-I, 13.19r uroulA 93 mr '38 .1-07 OW maaews 60

(9) 1 '3d, 1937# ... m,,,vioh N ,R e morkad with (2)
We bledM mas 4ata

v34 N 22 Jan '8 13.13 1 lvesm 32 for Ntelt lt eM
oex'rIer oketa.

RAMg0 130-Iho MR.

ViIDS 7 WOPG 7Aus '51 U1.00 IU orow, ts, 7

Ae-obee-3i N3.17 Churchill 2o now '36' 23.21 off NMedows 60

Aerobee-H NN3.N Churchill 29 .1ul '37 15.39 CIT Horovitz 8

Aerobee-Wl NN3.1& Churchill 21 Feb ' 20, O 8T Madoe 60 am

Aerobes-e* H 3.197 Churchill 23 Mar ' 12.07 ar Nmao 60

(2) 1"T9 , 1957P b- ... Nkbnev'oh

Spserobee ANaO.200 Churchill 30 Nov '3 12.36 COT Bome. 9

re taken from a publishe curve. Interpolation for tabular presentation uay have introduood an error of t 3.

oL
-Zr-

_ _ _ _ _ _ _ _ o



a.'.".. CommunloallonUPE ATO RR RU
~ [ a~hngto, D C*measurements Repeutod Threm

Im mxg . /m A *1 00 isumeff~ti" Vehiclo Numbs

140 - 2. Cz10- (at) - sablllego 1-2 1

1140 2.Wu10 30 1.9110-6 50 700 (it) Ioniation esg Y1ad 7

1w, - - 1. 2d0' 25 -K -R espet ot r Aerobe*-WI X3 l

1,40 - - 1330 (of) Ehilupu Imga Aerobe-i EI3J.

11.0 9.9110-620 3.OzlO'6 30 - Neqq

140 - - *Oz10 6 25 Wa RueSetromster Aarobve-91 NX3.10

14 - 1. 1X1 - 25 M lSG 2POcztr~tr Aerob..41 5N3.1

11.0 - - 2800 350 ZaosA~r Probe apeobee ARfM'

11.0 * - 1.4u1O (at) - ltelte Orbi to (2) 1951C, 2957#9

Ii 1 ALYX1MJ RAN=S 150-160 Ea.
102.:x10 (Mt) PhllpO gapi -2 3

I" 1.5i0 50 6.1-70 8 (zt) lonization ao wa7

.1" 5. * sIoa 25 Ow - b. pectrometer Aerobee-A! U(3.17~

j 110 - - - - 2050 (it) PhiLlips egs, Aerobee-li Nh3.1~

150 8.2x1D- 20 1.9h10'6 30 - -a

I 5 - - 5-U10-7 25 Wa ls 8peotrometer Aerobe*NJ NX3.1~

10 -2.(xI10 25 -60 - bspectrometer Aerobe.4li 1113.2.

150 - - 8.07i10' (at) - a teulte Orbits (2) 1937,Xc, 1957p

156 - - 2.Cz1O -650 - -pbiLlips NWG. 1.2 21

noTh" entrim Are taken f rom a publie



OIPHENR UTRUCTURU DATA Project ARMS - Contract Nonr 3071(00)
s Reported Through Early 190

PUCA tudo'
Vehicle Numbr F1ed Date Time Zone Referece Data Notee Ran.

M= ROR 1PA O-150 Ka.

V- 4WWG 22 Jan'148 131 MW (at) not foaM I
Viking WWG 7 Am '51 11.00 MW NlorovU 57

Ambe ee 1 133.17 Church11 20 Nov 156 23.21 CT Medw 60 I

Aerobee-1 31.1 Churcbll 29 Jul '57 15.59 O? Norowt 58L ~~~~IG MrWN ~58

I robco-1U N3.I& Churchill 21 Fab '58 20.0 an Msedvi 60

Aerobee-l =3.1W Churchill 23 Mar '58 12.07 UT NmaOVS 60

8peerobee AJNlO.200 Churohll 30 Nov '58 12.36 O WO 3oae 59

(2) 1937o, 1.97# .... I svo ftrne imarkm with (2)
are based on drag data

- - -- -- _______ for matellite am
cerrier roobt. m

HRAX= 5-1 Ms.

W-2 31 WIG 22 Jan '18 13.13 PIT hven 52 and Oov Si4

Viking 7 WIG 7 Avg '51 1.00 MW? lorovltaS57
Aerobee-li 31.17 Churchill 20 Nov '56 23.21 UT Meadows 60

Aerobee-Et 113r.1 Churchill 29 Jul '57 15.59 Cff Norowtz

K K K WK K ZLOW 58-

Aerobee.1 NN3.18r Churchill 21 Feb '58 20.0 CDT Meadovi 60

Aerobos4L N319 Churchill 21 jar '58 12.07 CBT Madows 60 a
(2) 1957co, 1957# .M- n-ob

V-2 21 WG 7 Mr '147 11.23 MW LaGOV 54
4.-

taken fron a publehe4 curve. Interpolation for tabular presentation my have Introduoed an error t i t .

50

30



Son, Com munloallonUPUPER ATKOP3128 XTRUCI
Washington, D. C. Keaau,@mentg Repouted Thul

3 .~. ini. .GAlm *It 0. IF [inlat"m utlo Vehicl* Numiber
AWLT= WW AI 16-170 U.

16 i.5Li o6 (nf Phllp 06 31

JL0 1.lulO6 30 .3z10-7 50 goo (at) £onatu PSOga Vldeg 7.1

160 1 .%a10' 25 - b.Uoret Mbwl 3.1
160- - .~D~2 - bus Spetrooster Aerobevil1 X3-317,

160 24700 at - If Jb.it.p Pabta (2) 1957u, 1957.1

1760 86X1O' 20 5.hl 0 100() Ioitoge iku7

17 - 8.0x10? 25 -j ibmpeotrmtr Aerobeg 1 31
1-0 25 - I& () hliS h'6et Aarob..-NI Ml3.1

170 6.3z0 200 1.2z10 Pr0b - - 0b

170 4-731* 11 0"6 (2 - - ib Upte orbitsz (2) b7c-N1"70.

1.70 -. - -10 - 25 N Bis Speotrointw Aerobee-OA M113.17

170 - 4.-1 -6 *jmaarme PrbeIl = M

1 2.89u10- (at) Sa-tellite Orbits (2) 157,L, 195718

17 *- - 1400 1400 Larqgior Probe Spacrobe ABM1O.2a

-haf -en *~~ tries are taken froi A blhd



DSPB33U STRUCTURS DATA Proloct ARMES - Contract Nonr 8071(00)
1 eported Thyough sauly 1960

r~aceAftisudo
Vehicle Humber Fifed Date Thue Zoe. Uelw ~e Date Netee Rump si9

MOU Mo- 160-170 ML

34 WIG 22 JSn 'hi8 13.23 IMN I=~ 00)-not fol

Viking 7 wo7Avg 151 11.00 1W Morowtz 5

Avrobet 23317 Ohnrblu 20 Now 156 13.21 COT us.' 60
mroueo-i =13.1r Ob"uro 19 Jul '57 35."9 c on Mrwitz 5

ArobeIt 333k ChurchlU 21 Feb '36 90.02 o mednws 60
Aerobe.NII 533.1-W ChurchiLl 23 Obr '38 12. 01 ONT be~ms 6D

aewrobe AILO e200 Chuxoll 30 NW '38 12.36 OT Bougmg

(2) 1957,f, M970 -itat M-t S ~Ye ~ aiark" ith (9)
am heed Os dre 42%&

carrier roobes. N

"Mas 170-280 go.

Vikihg 7 53107 Avg '51 11.00 m5Sorwit 57

Asrohee-l 533.17 cbyOvjd1 20 no '56 23.11 an Neadm,. 60
Aerwbee-11l 03.13r chumbhlu 29 Jul '57 13.59 on ioofts 58

S N N Lsov3

Aewobe.-UI X33.1 chrolll 21 Feb '38 20.02 on muaavs 60

Aerobe.-Bt 3-319 chumbhll 23 Aar '58 19.07 off Usslws 60

(2) 19574" M97#6 - - -- 3U ovich

Spaerobee AWAL00200 CbahiUh 30 NOV '58 12.36 car Bo 'a 59

l e taken fram a publIsed curve. interpolation for tabular preenztation m~y hae. introduced an error of±3%

3o



gSe..o Communhaetn UPIPI ATNOSIPU33 07290
II Washington, 0. C. Neu~~t eetdwu

Altitude pnweiae DeniiSTmpedy
UL mmii,. .v Olt' ..v K ~ mu~~ Velicia gmg

%IT=Z1 RAN 100-3&O U.

180 6.9z1o-7 30 2.3ZL107 50 1010 (it) loasatam ado njdr4 7

180 2940 (at) ylllpo Aazobft-f M

180 5.?zLO,6 to 8." 7 0~ 0 of a

1890 - 2.3IO07 25 -e - m patom Awbw-= M3.1

L8ao a, -.1- 25 MM $Wtesta'mtew A*S.. -a

180 - 1 .872104 (gt) - -lll *tL I bit. (2) 107(t l9~7

386 -6.7zID-7 (13) ot aeilede

AEHM 3hM 1904200 MR.

no0 5m- 30 .8z10' 30 Iwo (at) Zoalsatim am TME 7

29 - - 25 IIbaIIIeetwOleitw AftobW4 M3.17

I .9O 0 - 297 (at Ualp Atb U v

190 3-" - 20 .0WI-70 a - - aa ofsat moeU ~ 1

~I -
190 7-- .a,10 (f)* -belt"~~e ()i97.a7



OP333 BTRUCTURE DATA Projec MWi - Contract Now 3071(00)
Repeited Threugh Newly 1961

2 RAN=3AO8-190 No.--

Vikig wooU 7 Aug '51 11.00 M0? 10owl ts 57 (mr)- not foum i
Im"100-11 011 auvuk1 20 Nom5 23621 off l"Awe 60j

Ae'obee-111 3.M Oubaob U 89 Jul '57 15-59 0 l ovoita 58

Aeob"I41 U3.1& Ourchl11 91 lob G A :0.11 on 111"Gr 60

Abrobee-U, MAW2. arcu 23 Mar ~ 12.07 OW m"As a 6

(2) 1074,9"7,8 Wms - -obv@ W1 ahllh
Somlift 59 fo malaM b MI

oarrier roskma.

m

I DAM V04M0 1. I
nuns~ 7 .-- 7 Avg 151 11.00 EsroIN ts 37

k"abwIRL 3317 mharmll go Ift '56 93.31 on andoi. 60o

Ikobee-3 333.W Okkashill 29 Jul '57 15.59 an lSovmita 36

heuobee-Il 3331' auw]h 23.7 10*0 OW8 anourm (wu A

(2) ISSaDp Wl

tabom from a publUshel curve. Interpolation for tabar presentation my here jtroaeseA an error of 5.

-o

3g



So..".., Oommunlmhdon~UPRAN IHR 2IRUWmehington, D. C. meauremest Report*& Ihrel

Ailtude P"rmw. Densiy LO tiadw

Ajinrm PAM 3004210 Ek.

too 4..bID'T 3o 1j,.WO- 50 10"0 (d) Ionization pgoo T1dvaw 7

M0 2o - 23 On b SPetamt Aeobe-kl 3011
200 - - - 30,10 (00) RJ41Pese Aeobve-b 313.1
200 hiG. -6 0' 7-0910-730 - - 00 0

200 - 1UW107 25 Wa m etameter Awrbee-hl U3-1

200 - 3-860lo-7 (mt) - - tsilite Oawt. (a) 1"U 1"7p
201-9 617ZIO-7 (at) - - btelilt* Oibkt U 97

ALtM= RM 210-M0 Zz

fia 3"730 I.IW" 50 W a)MaluaVS
2103-2IO 4 9 NNWe Ipotmintev Aaom-M or

[ 23.0 h.1z10 go 6.3zl0 1 30 a 00 a

910 1,3821 0 W~- -as Spectromter Arobee-bA 33 I

21 6.0.,.a0 7 (at) - -*ults Orbits (2) W7~4 M97.8
2u - I.6u101 (29) - - toliltesg s IM
213 - - I.EEID (MC) - bte11tOb~tS 1957C2 -

212 - 4.6jao 7 (at) -olt GM WAL~te I~
21 - L3D (me) * - m Setomater Aerobeg-bi 333

* kme ontrem are takes fra a pubUmbe



EZUM IT3UCTU3Z DATA Project ARIES - Conitrazct Nouw 3071(00)
poufted Through Rawly is$$

KmC AhUiIdekd. Numb., Pj,. Dee. Tio. Is.. 141iw. Deft U66 RO..r

Los 7 WO7 Am 151 11.00 MW 3coults 7 40-not on

bee-i 310.17 amehsJ t0 NOT 36 23.Ui aw bmdws 60
ibohi Me-INw mmmoh13 29 Jul. 'IN 25."9 an Uoii3

*44e-h 33.' muraiu 21 Fab 't8 20.02 Off mhme 60

193U, W70~- ~m"Gh ~aties W~ mith (2)

- -- -- BIlulag 39 fc'r ataluto am

b-1d = - -7 -.md 9Jl17 5" of lrns

'bee-hi 33".17 'ubieUl 21 Fob 08 20.02 ef meadows 60

a roe-hi umie Ovirv1w ChtmpurcI for Jula ala O.3 have inrodait a 6 o C

* ~~~ L 3a



Scleooe Communication UPIPER ATNOIPRERE NTRU
Washington, 0. C. oeasuilments Repert2dThes

Miui Prhsus aensity aretaanfrm pab.1s

AfU= RAN=E 22D-123O tKm.

I. 290 - 5..-5-721 (at) - * *te1.itv Orbits (2) 3957a, 19573

220 - 4. f.5u1D (at) - -atenit. Orbits 1957oL

220 5-z -7.b.O (at) - - Nate Orbits 2 195~ 

-2 4.X-' (at) - -astellt. orbit 29570L 2

2IO * .31ziO- (at) - - uteulit. orbits (2) 1957e, 1957/p

2 5 .%2u10-7 (at) -. 9l- (-f 930 (at) Dioag bame 97

211 - .5zlO07 (at) - Ilatoelte Orbits 1957 ct 2

a3 -. zl -7 - 2) - -tut 19-

=M -AN 2--5 Ms.

WL.11 , A)S t u t ri s ( ) 15 tj M



I3 STRUCTUR3 DATA Project ARIS- Contract Nonr 3071(00)
iwtod Through Rawly 1960

Altitude

Number Frod Date Time Zane Reterence Data Notee Kr
MR 22D-230 106

B 7 1WG 7 Avg 1 11.00 MW BroVwltz 57 Of)- not ftd

w7a', 1 7s - - Mk,,vib RUtrl, M.tbed VIth (2)
are baed on drag data2 .... Sobtluing for satellite and
Secaris rookets.

.2 ..... tu term8

i fo= a publshed ourve. Interpolation for tabular presentation my kmw, Introduced an error of t .

R 230240 .. .,m

L937ary 195713 - -- - Nineviob

S ..... NU~knsvlob

,2 ..... ,obi1.in s9

L9'7 . Sterne 58

M3 gis-e~o to.
I0

-22-°



Ilolence Communicftion UPPER ATMO3PHZRE XTRUI( j WashIngton, D. C. Mosuueneutx Reported Thaoi

Altitude Pressure De~y T~mpercnu~-
KM UIO ** % g/w' O. 0 . IK ii. ...-'.itation Vehiclo Numi[1 A1J~rlXMS RAMO 250-2W .

250 - * .1.-i.9310' 7 (nf) - flatellits, Orbite (2) 1957(f, 19570
230 3-%u10~ (of) 1.ilO7  (a) 958 (it) Discharge Nxivater 19578

AXZMM RANDS 260-970 Ku.

260 - .51ZI) 17 (at) - la8teJlte orbits, (2) 2957' 193709

90 2.88xigl (nat .6O o) 97.1 (at) Discharge Ibzcter 19578

ALTPXTUZ RANDS 270-280 Ma.

270 - 1. 19h10O- (of) Stllito Orbito (2) 1957cG 1957P

[ 270 2. 5z10'O (rf) 6.83lO~ (Of) 587 Wa) Discharge liaromtr 19578 S

275 - 8.5u10 . (Mr) - - atlilte Orbits 1957 Ot2

AYTI2Vm RANDS 280-e90 Ex.

280 -- 9.512C108 (at) - - Sateflite Qrblts (2) 1951d, i957(p
pen 1."XIO-7 (at) 5.410o- (W 1005 (Mt) D1iacharwge, Ia" Kier 1957 6

L



STRUCTURE DATA Project ARIMS - Contract Nonr 3071(00)
Through Zarly lS0S

Place Altitude ,Number Fired Date Time Zone Reference Data Notes Range,
0-4160 so. 3H

'L9570 .... no IUtbvus.cb ()- not found
Intern mrited 91th (2)....- - - )IthnYIOh are baod on drag data

for eatalnltg ad-
oazIe, r ookts.

170 Km.

L957 - " - mkhvLo

- - - 3Kktcbno

480 Km.

95P7 p ....- Imkbwv I

- " - " II~khnsvlob

-- - - lohlulng

100
,9) u.

957 13 ---- llby
-71 " - - - mhtnswloh

---23-

30 ,



Siolence Communication UPPER ATMOEIPHERE STRUI
! I Washington, D. C. Mosuremontg Reported Throw

Altitude Pretoure Density Temperature
i j Km. mm.11. .. % M On e % *1K Instrumentation Vehicle Numbe

AcZIMB RAN= 1.9-3oo KM.

I
290 7.68z o' 8 Of) - - saele orbits (2) 19037o, 1957 ,
290 J.(2zjo"7 (m) 4.36jo "8 (r) 1026 (Mr) B1 srg *nowater Z9 7 &

AX.TM RAMIGE 300-310 Ms.

300 - - 5-6.27zlO (rat) - - latellite Orbit (2) 19371( 1957A

300 1.-37z10 " (W) .,.t3Xz (of) 10.8 (at) marb e M mter 1957 ,6

-mm -m==m - - - -. -m

i l ... ._ _

p

I I

Immlmm



!OSPHERE STRUCTURE DATA Project ARMES - Contract Nonr 3071 (00)
ks Reported Through Early 1960

Pl.ace Altitude

Vehlcl* Number Fired DaeTime Zone Reference Data Notes Range, Km

(2) 19"7X, 197 X -- ItIAns7CI (rg)- not foaM
Entrie marked wIth (2)

1957 8 - -- Nkhovieb arebasedon drag data
f'r satsu1Iwo An

- - - -- arrler rockets.

(2) 2"714 957 - - - -lc

or 9.57 G M ikhriavlob

20

-22-



So1enoe Communloatlon UPPEit ATMONPHERE
Washington, D. C. Measurements Reporte

Altitude
Km. Composition/Component Instrumentation Vehicle Number

latio relative to N

so ne A

7.I. 0.998 I.0W3 1.001 Ow1ig Aewobee 5C-21

" 59.7 1.035 1.008 0.996 .

62.3 1.133 1.040 0.9wQ V-2

I 6.6 1.1.4 .08 0.93 A e.robe C-17

68.3 2.0 1.18 0.89

69.8 1.570 1.232 0.90 V-S 59

1 70.6 2.41 1.20 o.85 Aerobee SC-l7

. 8:. .JA i1. - " c-J.

.8,3.1. 2-943 1.395 0.82 V-2 59

Separetlon Ratio*vs
Radio flequem

120 0.98 Hma Speotro,-ta r Aerubee-bl NN3.15
120 0.1*2 " 313.17

130 0.60 0".1w

130 0.1.5 "N3.1

i 130 0.30 3 13.17

11O 0.40 " 3.1

140 0.30 3 3-1

150 0.20 "n3.17

150 0.20 NA 13.17

160 0.30 0433.9F

!I



MR ATMOSPHERE COMPOITZON DATA Project ARIMS- Contract Nonr 3071(00) k
suemeuts Reported Through Early 9140

Place
Vehicle Number Fired Date Time Zone Reference Data Remarim

Aerobee 80-21 w 26 eP '51 - - Jaesi5

V-2 59 "0 Myr '52 - " "over eamole bottleu
Aerobe* 80-17 0 19 e '150 - " to m ot In laboratys

for eMRnst of NJIUD, seon,aM Argea reative to litrogen." " "" " "thee relmits wase aerod
With the relatIve oowepration
of the owes at oft lMl.V-a 59 "20 Iy '52 - l

Arobee 80-17 " 19 De '50 - -

" 8C- " 9 Aug '56 08.53 WT VMel 58

V'2 59 N20 Y '52 - Jones 54

Aerobee-hi N33.IW Churoblll 23 Ir '158 12.07 C T bMwave 60

N 313.X. N 20 Nov '156 23.21 Q a

" lP3.1 23 Jar '58 22.07 " v 8eperatIo Ratio be ons

Nl I3.2& C 21 Feb 58 20.02 N N a na, Jaa Ntwosi at alttala -
S3.17 N 20 NoV '156 23.21 " NArg e ceoaw Nitrogen at oft level

S33.1w " 23 1r '58 12.07 " N

N 33 b& 21 Feb '58 20.02 9$

113.17 N 20 Nor '.6 23.21 n N

" W3i.19 23 bw'158 12.07 " N

11.17 " 20 Nov '16 23.21 "

333 l.1L2 " 21 Fe '58 12.07 "
N 3131W N ~ '5 32.7 N



Solenoe Communication UPPER ATMOSPHERI
U r Washington, D. C. Measuremeuts ltepert

Altitud
t- ,. Composition/CmponEOnt Instrumentation Vehicle Number.

Mama 4ol3eular 1t1ht

1" 28.2 28.2 28.6 iks 8peotrcmter Aembee-)d. 11 .17

140 27.9 28.1 28.6 ma spetouvter Aelobee-ll UE.18

150 27.8 " 26.2 Ws, 8peolr ter Aerobee-hl N3.19

160 27.8 -

170 27.8 27.5 27.5

180 - 27.5 27-5

190 " 27.5 27.2

200 26.7 -

210 - 26.8 -

ii20 - 2 .8 -
220 2.

I
I
r

I

I.

'I



PER ATMOSPHERE CONPOJITION DATA Piojoct ARIES - Contract Nonr 3071(00)
Asuroments Roportod Through Eadly 160

Rlace
Vehiclo Number Fired Date Time Zone Refenre Data Remuk.

AMrobee-hi 3.17 ChurchllU 20 Nor 156 23.21 0f Meadows 60 Dta from curve.
306 refeTOeOe, figure 7.Aerobes-bl 113.18 Churobll 21 Feb '18 20.0 COT Meadow 60

Amrb"-b1 113.19 Churchill 23 Obr 058 32.07 OMf Meadowe 60

2
-2-



"onoe Communfoallon UPPER AT3'OUPURWaohlngton, 0. C., Measurements RisprtI

'I Altitude
LKEm Coolmvuio/Compon~nt lwmekyO Vehicle NEumber

Ox=%s Ibloculou/oc

30 5.0rg1O2 U. T. opootwogmaph

r 50 a. ft10 -

60 9.02109

70 9.0110O8-

% 5aaooatlo of 0

120 67 Jbota Covintgra Aermbee A-35

I 160 70N N

Oxygm Molb@oAlin/Oo

no 16.0101 Pflio Countin Micb" A-16

il i2.0210P N N4

116 9.0112010NNN

1I8 2.31 10NNN

120 3.0z1O NNA6

130 1.01110N

150 14.0W0 Nf A-35

160 1.Ax10' NI

1L70 8.01183 ,NI

I 1W0 4.1,08N tf



P3R3 COMPOSITION DATA Project ARIMS -Contract Nor 3071(00)
perted Through Marly lo6s

Number Fired Date Time Zoe Reference Data POmarika

-. 10 Jun o49 7.0 M JObAO w51i
- i N N N N

-N N N N Nq j

* i N Ul N N

-N N It if N

A-5 - 21 Oct '5 7.1 - SYam 57 msor1tan bsed on dmlty
of molecular Oqasn nteured by

N - N N - N ultrvlo2et absorptlan roLtlve
to dmlty of AIr at altituis,

.- N , - assured by x-ray aborptom.

A-16 - iD 'e 3 08.9 - 3fwm5

A -41 IOct 05 155 N

N N Ne * N

N N N - N

Based on 'a4-60 abeoption of
. N N N~Molecular Ozrgin at alttude.

A-16 - lc 1" 08.29
N: - N N - N

A-35 -21. Oct '55 7-

AftN -



Solenoe Communloatlon UPPER ATMOSPHERE
Washington. D. C. Measurememts Ropeuto

Aftitude
!. Cen Ca Instrumentation Vebi. Number

120 * U N N

100 16 n m n

I= Detectd Maes

3100 28* Ion lpatruatev Aerobee iRL-1V

U15 O *16* x 16# Ion Opectremetw Ylklag 10

I110 N " ;

~II

220 *NNNi

aL.R* of Ion Peak Currtst X*/0 Per Cent

220-e4o 9 -e ( ) has 3peotromter 3958 C -

250-70 4-2 ( )  -

I
1



LTMOUPEURZ CONPO TION DATA Project ARIES - Contract Now 3071(00)
mees Reported through Naily 160

Place
10 Number Fired Date Time Zone Reference Data ROAMWO

we muL-e4 10 29 Aa 57 1o.16 IM *emcn 38 See paper for iaseuaon of
relative eAmpaude of

N if p N N .t41o no un ite

N N NO N N

m Le3 15 8 Jul '3 01. 9 w? jcbnan 8 N N

10 WO 7NY 54 10.00 SW Johm m 5
N N N0 N N N

N Nf N N N N

* -22 M7 '8 - - fst ve I'n Wor o e o ng relativeIatenst. Notice an alsoaffeeted by latitude.

(a) North latitudes
(b South latitudes

2s
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j ~ ~ ~ ~ U TBDOVAP SYSTMU EMR RfLC3 ALTITUDS MUNSIBDUT

The DOVAP (Doppler Velocity And Position) system is used to determine

the altitude and trajectory of research rockets. The system in represented

schematically in Figure 1.

The ground transmitter rodiates a signal on a reference frequency. This

signal is reoeivtc by both the treoking receivers and the rocket vehicle. A

transponder in the rocket vehicle ret %nemits the reference signal at double

the reference frequency. Tis signal is compared to the original reference

signal also received at each of the tracking stations. The Doppler shift of

the rocket's eignal will be a function of the velocity of the rocket, and the

altitude and azimuth of the incoming siqial from the rocket determine the

pcition of the transponder and its rociket vehicle.

The DOVAP syst'em operte with an accuracy of A1 foot in position and

1 foot-second in velocity.

Literature Citation:

*easey, N.S.W., and R.L.F. Boyd, The URer AtaoAhere pp. 66-70, Philosophical
Libraryz, New Yorkp N. Y. 1959.
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(Alpatron)

Ionization gages measure the number of free Ions produced by a flow

of electrons in a diffuse gas. The relative number& )f free ions formed by a
constant electron source is a function of the donsity and compoeit)6,)n of the

SgS" '.tthin the ionization gage.

The Aiphatron is typical of the radiosctiveo cold-cathode type of I nrization

gage. A radioactive isotope within the gape piovides a constant 60k ce of

ionizing radiation. The instrment Is essentially a sodification of the electro-

I static detectors used to count radioactive particles.

In the optrating inrtrument (see Figure 2) a voltage is aprll'2 to both

I the wall and wire electrode of t-e ppg. Gas atoms enter-!..... Ne j~g are
ionized by the radioactive isotope, and the ionized gem atom s then attracted
to the wall cvf the gag. The drift of these ionized particles lovers the 'voltage

between the two charged element$ of the gage. When this voltag2 drops to a
pre-set point, the chamber is redharged to its original voltage. The freauenoy

of recharge is proportional to the rate of ion forviation.

The us- of Ionization gages of the Aiptetron type is based on the follovitg

assumptionst
The devices hre insensitive to acceleration changes.
They provide rapid d'.a-crete rvsponses to density changes of a.

I By homugenous med1'im.
Bsuitably switching the voltage drops for recharging the instrument,

it can be used to measure density directly to altitudes of about

200 kilometers.

Sources of error in the technique include:

jThe devices measure ouly the restv number of ions formed.

Ion formation is affected by the composition as well as the density

I of the gas being measured (bee Figure 3).
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IonizatioAi Gage (cont.)

A Excternal ion sources (e.g., the ions in the F and D layers of the upper
atmosphere) will interfere with the ion counts obtained by the
instrument.

Gsdensity is temperature dependent.

The instrument may not be at temperature equilibrium with the atmosphere.

Density measurements are probably correct to within an order of

magnitude up to 250 kilometers.

Literature Citations:

LaGov, B., "Arctic Atmosphere Structure to 250 XK," IGY Rocket Report Series,
No- 1., PP. 38-46, 30 July 1958.
Non-N 60921-5608, Wright Instruments, Inc.*, " A Survey of Pressure and Density
Sensors and Associated Problems for the N. 0. L. HASP Program," April 1959.
Spencer, N. W. and W. G. Dowi, " Density Gauge Methiods for Measuring Upper-
Air Temperature, Pressure, and Winds," Rocket Exmloristion of the Uviper Atmooephere.

pp. 82-97, Permagon Press Ltd., London, 1954i.
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the resistance change of a boated wire element. Chwes in air pressure

surrounding the wire element change the rat* at whic4 best Is lost by the

element. Pirani gages are comercially availoble which me&sure pressure down
to 10"3 m/g

The HavenS gage, developed at the Naval Research Laboratory, is a

modification of the thermal conductivity Sage. It measures Oressures dcwa

to 10 5 mm/B.

The gage works on the principle that an alternating current signal can

be obtained from the normally direct-current Pirani gage by cyclically changing

the pressure at a given frequency. At low ambient pressures, the compression

of the beliows does not affect the temperature of the gas within the bellows
significantly. The cylical changes of the bellows iwill result in alternati.ng

voltage output from the resistance element, and the amplitude of the alternuting

voltage will be proportional to the change in ambient pressure. The eccentric

shaft of the small motor, Figure 4, changes the volume of the bellows about

20 per cent at a frequency of about 20 cycles per second.

ne use of two bellows assures that the eccentric shaft is working 6gainst

the same pressure in each bellow, regardless of the ovtside pressure. The outuide

pressure is communicated to the pressure chambers by sMl holes which restrict

the rate of ga flow so that the W does not flow completely uut of the chamber

when the bellows are compressed. Since the pressure inside the bellows chamber

is changed about 40 times per second, the average pressure withi, the beJlows

will te s equilibrim with the outside pressure. The peak-to-peak alternating

voltage developed across the resistance elements vi- hin the bellows will vary

drectly with the outside pressure. At a pressure . 0.6 mm/HEg, a change of
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Thermal ConductiXItv Gaes (cont.)

20 percent in the bellows pressure changes the Voltage across the resistance

I by 0.27 volts. Figure 5 Is a schematic of the calibration curve for a bellows

gage in hich the pressure is changing about 40 times per second.

Pressure meadurements by thermal conductivity gages are subject to error

due to the variation of atmospheric composition, with the resulting variations

of specific heat of the gas surrounding the heated wire.

Lit ureCt:

Havens R* R. Koll, and H. W.0ow, "A New Vacuum Gauge," Rev. lol.,Instr ?
596-5;6 (1950).

I

I

1
I
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THE FALLI G SPEMU

The technique of measur ing the drag on a failing sphere, ejected from

a rocket at peak altitude, to obtain upper air density and temperature was

Tdeveloped at the University of Michigan. The most recent form of the experiment

uses a small sphere about seven inches in diameter.

Air density of the atmosphere is calculated from the velocity of the
falling sphere using the drag equation:

/O .density

m : mass of sphere

/0 2 m D aD - drag acceleration

VA V z velocity of sphere

DA u cross-sectional area
of sphere

CD coefficient of drag
of sphere

Pressure and temperature at altitude are derived from the drag data

by substitution in the :ydrostatic equation:

6 T temperature °kelvin

/P h g d h PC P density

Th: - T g : acceleration of gravity

P hh o h z altitude
X R a". constant

N = molecular weight of air

An initial temperature is assumed for the begining of the trajector).

Early versions of the falling sphere experiment relied on Doppler radar

tracking to derive the trajectory of the falling sphere. The more recent

versions include an accelerometer and telemetering transmitter within the

sphere to measure and transmit the drag acceleration from the sphere.

I
I
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j The allina Sphere (cont.)

The falling sphere experiment for determining atmospheric piLzameters

is based on the folloving assumptiors:

1. The hydrostatic baromett* equation is valid for the region of the

Isphere trajectory.
2. The atmospheric oomposition is constant, and its mean molecular

veight is fixed.

Possible errors for this method include:

1. The neglect of winds in the trajectory calculations.

1 2. The errors of measurement of the drag acceleration and the

coefficient of drag for the sphere.

! 3. Possible errors in the calculation of the trajectory.

.n addition, the assumed temperature at the begining of the trajectory

I introduces a possible error in the first 15 kilometers of the trajectory.

!

Literature Citation:

Bartmn, F.L., *The Falling Sphere for Upper Air T nsiety and Temperature,"
Rocket xnloration of the nner Atmioehere. R.L.F. Boyd and N.J. Seaton,
editors, Perpmon Press, Ltd., London, 1951.

Jones, L.M., "Upper-Air De3sity and Temperature: Sose Variations and Abrupt
Warming in the Nesosphere," J. Goophys. 0-e., 64 2331-40 (1959).

I

I
I
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f The grenade experiment Is based on measuing the average velocity of

sound, traveling to the ground, when produued by a grenade exploded at various

altitudes. The atmospheric temperature in the regica of the grenade expLosion

is determined by the variation of sound velocity with the altitude of the

1grenade explosion. A schematic of the experiment is outlined in Figure 6.

The velocity of sound is caloulated thus:

Y R C a velocity of sound, dry a4r

C T Y=ratio of specific
heats of air

R : gas constant
X - K T = temperature °kelvinN 4 (constant)

X : molecular weight of air
Thus: C = T

SThe average temperature of the region between two grenade explosions.

is oalcualted from the variation of the sound velocity from these explosions.

Wind effects on the path of sound transmission are determined by a sound-

ranging network which measures the directional position of the sound wave

I arriving ,on the ground. This direction yields the are position of the

grenade explosion which is then compared with the M posi+ion, obtained

by a DOVAP telemetering device.

The use of the grenade experiment for determining atmospheric temperature

Iis based on the following assumptions:
1. Vertical wind components are negligible compared with acoustic

Ivelocity in the region of measurement.
2. The composition of the atmosphere is constant up to about 90 kilometers..

I the region measured by the experiment.

I
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The Grena& Eroeriment (Cont.)

The calculation for the experiment yield only the average temperature

in the layer at which the grenrade is detonated. This average temperature is

assumed to exist throughout the layer.

Possible errors for the grenade experiment include:

1. Variations with altitude of the specific heat or water vapor of

the atmosphere introduce errors in the calculation or temperature,

from the above equation.

2. The accuracy of the measurements is limited by the sound-ranging

network's accuracy to determine the time of arrival of the sound

waves at the Individual microphones.
3. The grenade experiment is probably accurate to about 5 0 for

I determination of temperature to an sit itude of about 90 kilometers.

Above about 95 kilometers, sound waves cannot be generated with

sufficient energy to reach grouni stations.
I

Literature Citations

Stroud, W.G., W.R. Bandeen, W. Nordberg, F.L. Bartman, J. Ottorman, and P. Titus,
"Temperature and Winds In the Arctic Obtained by the Rocket Grenade Experiment,"
IGY Rocket Report Series. 1. pp. 58-79, July 1958.

i

1
I

I
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The Bennet radio-frequency mas spectrometer can be used to obtaoin

spectra of aknoepherle composition above 100 kilometers. A diagram of the

device is ,hovn in Figure 7. Ions are formed by "'he bombardment of air

molecules with 45-volt electrons in the ion case. These ions, drawn out and

collimated by gids at points 3 and 4, are accelerated by a neptive sweep

potential into the analyzser section. This neptive sweep potential is modified

by a small constant-bias voltage applied to grids at points 5 and 7. Ions

not receiving the maximum incremental energ per state in the analyzer are

turned back by a positive stopping potential applied to grid at point 8.

The desired ions have sufficient energy to overcome this positive potential

and reach the collector.

The mass of the iona arriving in the collecting assembly can be represented
as follow$:

M a mass in atomic mas units

o .,6V s : spacing between grid ofanlyar section in
22 f2 centimeters.

f s frequency in megacylec

V u voltagej
Variation of either frequency or voltage will sweep the tube over a range

of atomic mass units. The sveep rate In limited to the frequency respnse of

the telemetering system in use. With a radio-frequency of 3-9 megacyles and

a sweep varying between -250 and -25 volta, the instrument will c(ver the

range between 48 and5 atomic mass units.

I

Literature Cititioni

Townsend, J.W.,O1., Radiofreguenc Hus @neotrometer for UVMer Air Rese!r.h,
Naval Research Luooratory, Washington 20, D.C., 8 January 195k.
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Uper Atmosphere Structure Data
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lavens 52

Havens, R.R., Koll, R., LaGow, H.E., "Pressure, Density, and Temperature of the
Earth's Atmosphere," J. Geophys. P.s., 51, 59-72 (1952).

Describes instramentation for density measurements and presents eata from

3 V-2, Viking flights.

kLrwit

Horowitz, R., LaGow, Ki.E., "Upper Air Pressure and Density Measurements from 90-220
Kilometers with Viking 7 Rocket," J. Geo hys. Reo., 62 57-77 (1957)

Presents pressure and density data from a 1951 Viking flight, -the highest
altitude from which structure data havo heen obtained by rockets.

Horowitz 58

Horowitz, R., aGow, H.E., "Upper Air Pressure and Density Meapurements from 90-220
Kilometers with Viking 7 Rocket," J. G0o2hys. Res., 62 57-77 (1957).

Pressure, temperature, and density data from an Aerobee flight at Ft. Churchill
are compared with that obtained by the Viking 7 at White Sands.

1 Jones58

Jones, L.M., Fischbach, F.F., Peterson, JEW., "Seasonal and Latitude Variations in
Upper Air Density," IGY Rocket Report Series, 1, pp. 47-58, 1958,

Presents results of air density and temperature determination by falling sphere
technique for 6 Nike-Cajun, 1 DAN, and 6 Aerobee rocket flights to July 1958.

Jones 59

Jones, L.M., Peterson, J.W., Sch affer, E.J., Schulte, H.F., "Upper Air Densities
and Temperature: Some Variations and an Abrupt Warming in the Mesosphere," J Geoph-,s.
e sn., tp t e-io (19d9).

Presents temperature and density data obtained In 8 Nike-Cajun rocket flights.
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REFERENCES

LaGow, H.E., "Physical Properties of the Atmosphere into the F -Layer," Rocket
E qratios of the Upper Atmsere R.L.F. Boyd and M. Seaton, editors, Pp. 73-81,
Pergaion Press, Ltd., London, 1954.

Review of results from early NRL V-2, Viking Progran. at White Sands. Presenta

pressi , temperature, and density data obtained from 13 roukc: flights.

Meadows 60

Meadows, E.B.) Townsend, J.W., "IGY Rocket Measurements of Arctic Atmospheric.
Composition Above 100 Km.," Paper presented at COSPAR meeting in Ni.,e, France,
to be publisned in: Proceedings of the Symposium of the Committee of Sace
Sconce (COSPAR), North-Holland PublIshing Co.. Amsterdam Late bummer, 19bO
(Western Representative Intcraclace Zbiherr, W ew Yorki.

Presents density data from 3 Aerobee-Hi flights based on mass epictrometer
determinations.

Mikhneviigh 60
Mikhnevich, V.V., Denilin, B.S., Repnev, A.I., Sokolov, V.A., "Some ]Results'of the
Determination of the Structural Parameters of the Atmosphere Using the Third

Soviet Artificial Earth Satellite," J. Am. Rock. Soc., Russian Supplement, 30.
'40T7-14i (196n).

Presents density, pressure, and temperature data to 500 kilometers obtained

by instrumentation in the Soviet satellite launched 15 May 1958, 19.58 6 • Also
presents density data to 720 kilom, a-s based on analysis of drag from orbits
of Soviet satellite& and carrier r..ets launched 4 Oct. 1957 and 3 Nov. .1957.

Schillin, 59

Schilling, G.F., Sterne, T.E., "Densit.1* of tbe, Uppt, Aiiutiphere Deiived from
Satellite Observations," SRecia. Report No. 12, pp. 3-43, Smithsonian AstrophysIca
Observatory, Cambridge, 1958.

Summary of density values to 400 Kilometers inferred from satellite obaerationl
and drag calculations.

Sicinski 54

Sicinsi, H.S., Spencer, N.W.., Dow, W.G., "Rocket Measurementu of the Upper

Atmosphere. Ambient Temperature and Pressure in the 30-75 Km, Region," .
Ph,.s., g5, 161-163 (.95.)

Describes method for determina ;ion of ambient pressures and temperature
based on ratio of pressure at nose cone tip to nose cone wall. Pressure and
temperature data from 2 flights are *resented.
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REFERENCE

Spencer 54

Spencer, N.W., Dow, W.G., "Densit .-Gaug& Methods for Measuring Upper-Air Temperature,

Pressure, and Winds," R-et E -oration of the Upper Atmos he, RoL.F. Boyd and
M. Seaton, editors, pp. 2, Pergamon Press, Ltd., London, 1954.

Describos Ionization gage instrumentation for determination of temperature,
pressure, and density. Data from 3 V-2 and I Aerobee rocket flIghtl are presented.

Spencer 58-1

Spencer, .W., Boggess, R.L., Taeunoh, D., "Pressure, Temperature and Density at

90 Km. over Ft. Churchill," IQY Rooket Report Sries j, pp. 80-91, 1958.

Review of experiments conducted by Dept. Electrical Eng.neer-tng at University

of Michigan in development of pressure sensing instrumvnte.Aon. Presents results

from preliminary data reduction from 2 Aerobee and 2. N.ke-C&aJwi rocket fileits,

Spencer 58-2

Spencer, N.W., e3seach in the heasurement of AObIent Pressure. Temerature. and

Density of thg Uper Atmohere by means of Rockcts, Final Report Engineering

Research Institute Project 2096, University of Michigan, June 1956.

Sunary of research activities on radioactive ionization gage pressure
measurement systems containing fina) report of "Air Force T-Day" experiment, and
revised temperature data for Aercbee rocket fligrt.

Sterne 58

Sterne, T.E., Schilling, G.F., "Some Preliminary Values of Upper Atmosphere

Deusity from Observations of USSR Satellites," A± & pntrib. Actrovhvs.

2, 207-211 (:9'3).

Density values at altituAe of 220-233 kilometers based on orbital data 
of

957 0Slo 0(2, and A61.

Stroud 56
Stroud, W.G., Nordoerg, '., Walsh, J.R., "Atmosphere Temperatures and Winds

between 30 and 80 Km.," J. Oeotihs. Res., !, 45 (1956).

Reviews results obtained with 32 Aerobee flights at White Sands.
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btroud 60

Stroud, W.G., Ncrdberg, W., "Rocket Grenade ieasurements of Temperature and Winds
Over Churchill,.Canada," Paper presented at COSPAR meeting in Nice, France, to
be published in: Prodeedings of the S3osium of the Coittee of Snace Science
(C0PAR). orth-Holland Publishing Co., Asterdmaj late Bummer, 1960 (Western
Representativ Interbcience Publishers, Nev York).

Presents results of grenade experiments in 10 Aarobee rocket flights pt Ft.
Churchill betveen 1956 and 1958.

We~ener 54+

Weisner. A.G., "The Determination of Temperatures and Winds Above 30 Km."R
Fxrloration; of the Uncer Atmo-u-- R.L.F. Boyd and 9. Seaton, editors, pp. 133-142,
Pergamor Press, Ltd., London, 195r.

Describes the instrumentation for grenade experiment and presents some data
obtaind from 6 Arebee flights at White Sands.
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Byream E.T., Chubbp T.A., Friedman, R., 'The Dissociation of Oxygen t 3i-0 Alt' tudea,
The Threshold of Space, M. Zelikoff, editor, tX 6 g~ ~s Ltd.,

New York, 1957.

Presents composition data on molecular oxygen concentration for 3 Aerobee
flights to an altitude of 10 kilometers.

&nags 52

Ravens, R.R., Koll, R., La&ow, H.E., "Pressure, Density, and Temperature .f the
Earth's Atmosphere," J. Geoobys. Roe.. n, 59-72 (1952).

Describes instrumentation for density measurements and presents data from
3 V-2, Viking flights.

Horowitz 57
Horowitz, R., LaGow, LOE., "Upper Air Pressure and Density Measurements from 90-
220 Km. with Viking 7 Rocket," J. Geonh. Res., §L 57-77 (1957).

Presents pressure and density data from 2 1951 Viking flights. The highest
altitude from which structure data have been obtained by rockets.

Horowitz 58

Horowitz, R., LaGowr, R.E., "Sunmer Day Auroral-Zone Atmospheric Structure Measuremento
from 100-210 Kw.," J. Geo lv. a.,, §A, 757-773 (1958).

Pressure, temperature and density data from an Aerobee flight at Ft. Churchill
are compared with that obtained by the Viking 7 at White Sands.

IstmJn
Istomin, V.G., "Some Results of the Measurements of the Spectrum Mass of Positive
Ions by the 3rd Artificial Satellite," (Translated from Russian) NASA TECHNICAL
TRANSLATION F-7, April 1960.

Presents radio frequery mans spectrometer data obtained from 225-980 kilometers.
The composition data are strongly influenced by latitude of the orbiting satellite.

Johnson 54

Johnson, F.S., Purcell, J.D., Toueyo iU., "Studies of the Ozone layer Above 1ew
Mexico," Rocket Exrloration of the Upmer Atmosphere. R.L.F. Boyd and M. Seaton,
editors, pp. 189-201p Pergamon Press, Ltd., New York 1954.

Psper suarizes and discusses data obtained by solar spectroscopy on ve.rtical
distribution of Ozone. Presents Ozone composition data to &n altitude of 70
kilometers obtained by a NRL rocket.
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Jones 54
Jones, L.M., "The Measurement of Diffuse Separation in the Upper Atmosphere,"

Exploration of the Uper Atmosphere, R.L.F. Bod and X. Beaton, editors, p 14S-17,
Pergamon Press, Ltd., London, 1954.

Describes devices for collecting samples from upper atmoshere. Samples,
returned in steel bottles, were analyzed in laboratories for Eelium, Neon, Argon,
and Nitrogen. Data from 7 Aerobee and 5 V-2 flights are presented.

~Meadows 60

Meadows, .B., Townsend, J.W., "MY Rocket Measurements of Arctic Atmospharic
Composition Above 100 M.," Paper presented at OSPAR meeting in Nice, France,
to be published in: Prcoeedin-- of Ihe Simposium of the Cmittee of Sma o
Science (COSPAR). North-Hollaud Publishing Co., Amsterdamt Late Bummer, 1960(Western Representative Interscience Publishers, New York).

Presents composition data obtained on 4 Aerobee-Ni rocket flights instrunented
with radio-frequency mass spentrometers. Instrumentation techniques and possiblejerrors are discussed.

Wenzel 58IWenzel, B.A, Lob, L.T., hiohols, M.N., Jones, L.M., "Diffusive Separation in the
Upper Atmosphere," IGY Rocket fleDo L Series. j, pp. 91-107, 1958.

Reviews results of upper atmosphere sampling program. Composition data from
2 Aerobee flights are presented.

!

I

I



I SoIenoe Communloation
Washington, 0. C.

?rg~ertiee of the Upipd1 Atmosiphere

APPENDIX C

Abstract BiLbliomaDbw of Books, Review Articles, and BibligsmDhies

(m the. Upper AMosphere



Science Communloalion
Washington, 0. C.

Contract Nonr 3071(00)
Virial Report
1 August 1960

Abstract BIblomph of Books, Review ArtIces, and Blblioarahler'

on the Lnner AtmoeDhare

The publications listed below are recommend as background references In
the field of upper atmosphere research.

Benson, 0.0., Strughold, I., editors, Phystag and Medicine of the Atmoenhere ad
Spc John Wiley & Sons, Inc., New York, 1960.

Papers presented ats 2nd International Symposium on Physics and Mdicine of
the Atmosphere and Space. Several review articles on upper atmosphere, but most
of the papers are directed to problems of space flight.

Bento1 M., editor, The Uas of High-Altitude 8ockets for Scien&tic Investimtions,
An Annotated Bibliography, U. S. Naval Research Laboratory, Washington, D. C.,
Bibliography No, 16, Oct. 1959.

This is an extensive bibliography of publications in the field of upper
atmosphere research. Foreign as well a U. S. publications are included from
1946 to June 1959.

Boyd, R.L.F., Seaton, N.J., editors, Rocket Nxloration of tU& tiner Atmosnhere
Pergwmlon Press, Ltd., London, 1954.

Report of lot major international conference concerned with rocket exploration
of the upper atmosphere. The papers present a summary of experimental data to
1954.

hanessian, J., Guttinaciaer, I., editors, jOY Rocket &eport OrIes 1,6 Experimental
Results of the U. S.* Rccket Program for the International Oeophysica3. Yei&r to
1 July 1958, National Academy of Scierces, Washington, D. C., July 1958.

Trhis~ cotmpiation of research papers presents the results obtained during the
first 12 montba of the U. S. 10! program. The bulk of these japers were presented
at the CaAGI Assembly held in Moscow in the summer of 1958.

Kniper, .. , editor, g aLJ j..E .t University 'nC Chicago Press, Chicago,
1954.

This book contains sevoiral lengthly review articles on tkie structure and
ec.JMposition of the atmosphere.

M~assey, H.G.W., Boyd, 14.L.F., editors, The tinnr Atmoigherep Philosophical Libra%,,
New York, 1939.

A general diioussion of upper ratwo6phera phenomena studied during IGY; few
experimnental data, bu.t good generalized summaries.
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Newell, H.S., editor, SouWlIng Rocki~e McGraw-Hill, 9W'Yor1c, 1959. 1959-

This book presents performance characteristics of the principal atecipal atmoa iheric
research rockets developed since the end of World War TI.

Proceedinas of 'he Bvm=oiua cf the Comittee of S8ace Sciences (CnQPAR(COSPARI, .o be
published by North-Rolland Publishing Co.; Amsterdam, late 5iwoer ~196 (r 1960 We tern
Representative Interscience Publishers, New York).

This book, to be published in the late sumser of 1960, contains the tins the ja per
presented at the First International Space Science Sympouium held in Nicjd in Nice, France,
Jan. 1960. The popers include the results obtained by the upper atio'sphr atmospher, research
programs of most of the countries participating in the 10! program. M

Wright Instruments, Inc., Vestal, Nev York, A SurveX ojftPessure & ni Densit l i, -ensoz
& -Assoc~iae Problems for The NOL Hasp lroaM~ Final Report, April 1 9 9 ril 1959.

A survey of "state of the art" In development of miniature pressure pressure wa.

density sensors.

Zelikoff, M., editor, The Threshold of SIaoe. Pergsmon Press, Ltd., Neu id.', New~ Yo k, 1957.

Proceedings of Conference on Chemical Aeronomy at Cambridgep Muss * p Ys in Tun

1956, sponsored by the Geophysics Research Directorate of the Air Force, . Force, C nbridge
Research Center. This biii contains papers by most of the active researce research fiorkers
in the fields of atmospheric composition and photochemistry.
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