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FOREWORD

This report is a revision of Rltafeport 602,
ulished under t he sane title in March 1971. The

revision updates the original data to cover the
period through flecenb4er 1971 and ±nciudes data on
new rockets launched at Whnite Sands Missile Range,
New Mexico.



=pace disoersiocn data are presented -or thz-
following unguided sounding rockers launched f to=
White Sands Missile Range, New M!exico, or ce Utah4

Launch COolex, re River, Utah, durIng-; 19605- -1971
Aerohe-350, A.erobee- 170, Aerohlee-170-A, Aerc'ee-Li,ZV
Athena (Second Stage), AteaH (Frirst Stage) , Mlke-
boosted rockets (HyVdac. Javelin, Iroquois Ap-sche,

ApceNicap, Ca.4un), Met RDI&S-, Viper LkA-RGAS,
and Boosted ARCAS (Boosted T, ootdIEA 4

Sidewinder, and Sparrow).
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Mec statistical scatter of the actua i--act- onrs about
the pr-edAic-ted i=moac: point of art unguided rocket Is- the rockets
Impact dispersion.

:nhe causes ot rocKer i=-S- disversion Can be AljtA~pe i-reo

bave bac categories: 1)variatilonsi atnsphsrzcnnnns

2) variarions- in rocet components, 3) rocker mmsalignMentS- 4)
l a un-ch.er isalgnmenrs, and 5) factors wchdo not var;y hut are
not, precisely evaluated or are traceounrec tar.

Before an unguided racker Is flightested, a theoretIcal
dispersion study is usually performed to estImate its dispersIon.
This analysis can be =ade using a rrajecrry sl!ta program
in a high-speed computer. T'he -zet estimaes avaIl-acw-e a:"

=the perrurbtng fctors can be put in th.e nragran, and t he
impscr poin4-ts can be compared wtr rhe nontral Imat nOnt.

=When this Procedure Is used, inIs assumed rh-ar the perturbing
f;actors act independently.

tosreport -re sen-ts toe actual i~a:: dispersiOno h
Aerobea-350, Aara-ee-l17O, Aarouee-170r-A, Aerobee-ISO0, Athena
(Second Stage), Ath~ena H (First Stage), IL'ike-bosted rc kts,
Met RDT&E-, Viper Laki, ARCAS, and 3oosted RCAS flre2- at rn-r
Sands Misasile Ran-ge (NSI.), New-_ Mexico, orthe 'Urah Launch M-
%-;-e en Ri.~- J. lfth fo th. pei-- I%~ SYt17 N.

arrc: is =Lade to is-olare the va8tious Causes of io aeon.

.. a actual i=acr- 0o4ntS were taken fo u ' .e

available. ZElsewhe-area radar or Seali: O1-serva:Ion of TIralec tory

a nd 1-wnc-r of Miss-iles (SOTLM) i~ucr t were used E

A b-reof descrition of eac2 rcker ;-re-mje rhe taua
presenatton a: it r te :rsverslun.

Tinfrato ehhouI e - l f- rag lann

and safetyv consIderatIon.
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Tha Atreee-3_50 Is a sloaw acceleration, liq-l proo-e!.Ianr,
fl-a-rab rckimused tocarr ylod fi 4ZA-0 10

to -I-til"de " '0s c i

Man sea level (MC!) fr the heavier nayloaA t 21' mesfo
the lighter p3Yi.oads when latuche at 6-3-m (A4,0G00 f eet XSLt).
solid propel'an? boosr isue -- i cs t.e~ rodesS

-=exit velocity. f ton a Il-fo-'ot tmnrer-.

Th e nominal iokt1mpact range 4s 50 statute -'e,
athough- this.s varyepan onte wind flticn rr

project requi*rcen_-ts.

A Kel-t* a-se (3 )i hc r~

4cata zronth launch site are tran-szitte-A over cca--rcial datae
-ats z.o-uzrer at ;*- is;- used f-or re f.irins

Si .. S 6 . sel.ec-ts lacher settings tsfin IteratIv-eI
re e-lus.

Ther have o- m an tw obee35C c oeda-e.
Rocket tmdery7f-nrn-tCe, resulted- ifn grestr re sose rtur

enact--ed on the ftrst aur~n -in 1970 au c-w'ec- Hisalle FIUgpr
Safe--- to terminate -rust at s=roe-*ccnds to

Mpren ott-range i&Apbact. The miss dst....e am second

lwmn- in 10971 was twuo statute miles.
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The Aer be--150 is a slow acce=t.7=I--=__° liquid A

propellant, fin-stabiized r ocket used to carry pay-
.- loads of 150 to 500 pound to alitudes from 75 statute
~miles MSL for the heavier payloads to 190 -alle for the

lighter payloads when launched at WSM (4*000 feet
HSL). A solid propellant booster is used to increase
the rocket's tait velocity from a 15 :-foot tower.

The nominal rocket impact range 13 50 statute
miles, although this may vary, depeading on the wind
situation and, proje ct requirements.

Thne wind-weighting technique is used for Aerobee-
150 impact predictions at WSR. M6I



AEROBEE-150 DISPERSIO*:

WHITE SANDS MISSILE RANGE, NEW MEXICO

1965-71

F CUMULATIVE RELATIVE FREQUENCY DI:TRBUTION OF AEROBEE-150
TOMEAN miS s IMPACT MISS DISTANCES (PER CENT)

*TOTALSTATUTE
YEAR FIRINGS MILES STATUTE MILES

0<5 >5<10 >10<13 >15<20 >20<25 >25<30

1965 42 i1.1 10 48 15 13 10 5

1966 37 9.7 2 I 47 24 18 0 0

196? 4Z 8. 31 33 26 7 0 2

1968 45 9.2 28  30 30 5 5 3

1969 36 8.4 '25 36 31 a 0 0
1970 i 21 8.S 29 33 24 10 0 4

1971 15 7.8 27 40 27 6 0 0

1971 238 9.3 22 38 125 10 3 2

Standard error of estimate for the period of record: 10.7 ST. Miles.

* The following Aerobee-150 launches were excluded free= this dispersion

analysis:
1965 2 malfunctions
1966 3 malfunctions
1968 3 malfunctions; 2 dummy payload rail launches
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ATHENA (SECOND STAGE) AND A&THENA H (FIRST STAGE)

The Athena is a multi-staged, Zin-stabilized rocket
fired from a zero-length launcher at Green River, Utah,
to impact on WSMR. The first two stages of the regular

Athena are unguided and require impact predictions.
Since the second stage is mostfrwind sensitive, its impact
dispersion is presented. Only thie f~rst stage of the
Athena H is unguided and requires impact predictions.
"here have been two Athena H launches to daue and their
miss distances were 16 and 31 statute miles.

A meteorological real-time system (1-3) in which
wind data from the launch site are transmitted over
commarcial data lines to a high-speed computer at WSMR
is used for these firings. The computer reduces the wind
data, applies it to a trajectory simulation (4), and
selects launcher settings using iterative techniques.

The peak altitude for the first stage of the
Athena H and for the second stage of trze regular Athena
varies from 135 tc 175 statuE mi1" 5 MSL- Th. nominal

impact range is approximately 455 statute miles.

M
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ATHENA (SECOND STAGE) DISPERSIN

WHITE SAN-DS MISSILE RANGE, NEW .

1966-71

CUMUL iV EL VE FREQUENCY DISTRIBU TON ,;O ATH-NA
NIMPACT MISS DISTANCES (PER CENT)*TOTAL M ISSCTMSSD L

*TOTL STATUTE

YEAR FIRINGS MILES STATUTE MILES

o<5 >5fLo >10_15 >15z20 >20<25 >25<30 >30< 5 >35<o

1966 28 12.8 - 7 41 19 15 is 4 0 0

1967 30 11.6 28 17 7 , 0 0

1968 16 13.7 13 44 6 6 25 0 0 6
1969 11 10.5 0 64 18 9 0 9 0 0

1970 2 10.9 0 0 10 1 1 0 0 0 U 0

L971 8 12.6 o 3A 38 1_ _12 0 0 0

11966-11 1.'
L"9 7'  , ..

95 12.3 10 39t 22 13 1211 i1 <

Standard error of estimate for the period of record: 14.1 ST. Miles

* Two Athena launches were excluded from this dispersion analysiss

9 June 1966; unknown impact
9 February 1967; secoad stage malfunction

9



NiK -BOOSTED ROCKETS

The Nike-boosted rockets were combined in this analysis
since ttey all 3howed similar impact dispersion characeristics.

lah Nike-boosted rocket utilizes a Nike M-5 booster
sehico nves the second s.age an initial impulse so that it

zoasts to an altitude of from 35,000 to ;kO,000 feet MISL prior
ti second-stage ignition.

The second-stage motors are, in order of higher parfor-
mance: Hydac, Javelin, Iroquois, Apache, and Cajun.

The Nike-Hydac carries a 220-pound payload to approx-
Imately 135 statuts miles MSL; the Nike-Javelin carries a 150-
pound payload to appzoxima:eiy 120 miles M.SL; the Nike-Iroquois
carries a 70-pound payload to approximately 175 miles MSL; the
Nike-Apache carries a 70-pound payload to approxinately 135
milas MS-L; and the Nike-Cajun carries a l0-pound payload to
approxit-arely 93 miles MSL.

Although all Nike-boosted rockets were co:tined for the
overall dispersior analysis, a table showing impact data for
the individual firings appears in Appendix A.

-ne nominal in anl tn at ge fatr '- 4ike-boosed -o-kets ar

WS : varies from 50 to r: atute miles.

Th~e wind -weighti-ag :4chniquF is usead for I=pact prectc-
tions of NiKL-boosted rocke-s fired at wi.5n.

10



D-SPER-SION OF NlKE-BOSTED ROCKETS*i

I W1.:J.TE 'ANDS MISS AE G NEW -

1966-71

1 B F NIKE BOOSTED
mv[-\ mlISS ROCKETi ]WPACT MISS DISTANCES (PER CENT)

*TOTAL S TT U TE -LES

YEAR FIRINGS MILES STAT_ UE IL

0 '5>5<101 >-,-O15 1>520' >20<25 I>23-30 > 03 35<40Q
I ll10

1966 52 11.8 20 31 16 !- 8 2 0

1967 41 13.2 '!7 1 .4
I (11i I

1968 18 10.4 3 18 1 2 0 0 0
1969 1 3 11.2 317 26 0 01

1970 18 6.1 43 -3 i - 0 0 0

1i971 ! 8.2 37 37 6 _ 00

0 Ai
11966- I ~ 15 J ~ 2
i171 171 1.9 2 28 2- 31

Standard error of estimate for the peried of record: 13.3 ST. milev

• The folio-ing Nike-boosted Launchies were excludad from this dispersion

analvsis:
1966 3 =a!functions
1967 mlfunctions
1968 ; malun:zi-n
1970 4 alfunctions

• like-H ydac - Nike-Javein, Nike-lroquois, N;ike Apa.he . - che a ,

Nike Caun. 11
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M.ET IIDT&E ROCKET DLISpV--sio\

W.RIITE SAND MISSILE ?NAGOE, NE -:-XTCO

1CUMULATIVE RELAIVE FREQUENCY P d IOF O RDT&E

STATUE LMACT MISS DISTANCES (PER CENT)
VER FIRINGS MILES STATUIE MILES

> 5% <o~ 10 >1<5 >15<20 1>270<25 >25<30

1,9 6 8.6 670 10
1970 2 1 .7 j29 42 j 21 0 1 A

171 i 1. 6 43 4 1 0 I 0~

j1971j 76 J .2 J26 38 2 1 J 3

Standard error of estimpme for thle perio-d of rec-ord: 10.8 ST. Miles.

*The fcllowming R lT& aunch2es were exkcluded- from this alI-s -0ers on
analysis:

1970 10 naifunctiona; 4 unknownm i-mpacta
1971 ------- IuTnnourn L=pact



VI-PER LOK,

The Viper Loki 'is a t5wo-staged, fin-sabiiz.dA soll pr,-

petlait =eteorological rocker us;ed to carry a 110-gram (0.24 .
pouud) payload to approximareiv 80 statute tiles MSL when
launched at WSM (4,000 feet MEL). The Vinper Loki is fir';ed
t r o n a r a I l a u n c h e r .

i a e y 3 s t u cThe nominal rocket impact range is approiael 0sttt
miles at WSY-a.

The wind-weIghting techn-Ique is used for Viper Loki mpc
prediztions at WS}M.



VIPER LOKI DISPER ION

WHTEV SiaNDS MISLVANE E MEXICO

CMULATIVE AmL7V RQENYTI~IC INw D LK

I *T.fl~j ATUT IMPACT MI.SS DISTANCES I!--' rcr

MILES STAUTEAMILE
Y-ALT-GSM a - ST--- -ar ITE

0< ;.. IJ v.5< 2''I >1 >201c 25

11969 16 1 11.s 0 60 C- 40

22 2210 0

1197111 7,5 3 12 31 0!

191 _____9___ 2 11

an Iv I aI

19 73 1I-lucin Zukoni at
971-- -- 2. k n, 12w n I a

* L~~~Iej L~~ aunces__ _________ _____ __
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CAS M BAST~r
Mv ACA. isaa ed-brnnng, -;.~w ccelzz r., nIIthilzd antcooia rce sdt =--v t 1PU

L d aproxima

pav.Oa rei s.-r. I

A QasCgfleraror ii us- to 1nrrpeas tlhe exit vacit{ of
the rocker fro a.n ±--o launch .ts:e. -

:ihe no--inai rocket: '-pact ranRe at WSS is apnrrox1zatzVIA
35 smatuze sitles f~or the ~R- A -- le s for B
AIRCAS e3u e

various m*otors have bee- use as booste s for the ARA

to increase its alit-',ude av a- 1 2 -j. Bosrels ;.sa w _
-ARCAS n .tII have been ..he li.nR, "AUtC IL-!(ootd S:A

Sidewainder: X ARC 42ak (3oostec AIACnJ 71 r =-d the Iprrv
:-e -eak altitude fror a RVAR-boszed ARICAS 1't a 1-vund
payload is approxImate'v tzatu-e SL h, he e
14A1! will reach approL ;ia.el oa ss T- Side-wincer-
ARCAS wil reach approxa 1 .el 85 'ils a A the MK 42A

and Soar.r-boc-sred AIRCA ll r ear a u-vr o x inarte vk
wth sm-±ar avoaab. raiiJ

AthSe R s~ 'e_ &'e = '" _~~=' ~ ,"

- ti ~LflCwe1fltflgteczricue i.S use-C :for -tac .k~ ar2
Boosted ARC.AS vnredtcto.
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APPENDIX A

DISiMESION DATA

FORI

INDIVIDUAL NIKE-BOOSTEDj

ROCKET FIRINGS

Preceding page blank
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