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FOREWORD

This report is a revision of Data Report 821,
“Unguided Rocket Impact Dispersion at White Sands
Missile Range, New Mexico,” published in March 1974.
This revision summarizes the dispersion of many
unguided missiles fired at White Sands Missile Range
and the Utah Launch Complex at Green River , Utah ,
from 1970 to 1976.
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LN I V R ODU CT I UN

The statistical scatter of the actual impact poi~its VLbOUt the
predicted impact point of an unguided rocket is the r~ cket ’s impact
dispersion.

The causes of rocket impact dispersion can be divide~ into five
basic categories : 1) variations in atmospheric components , 2) vari-
ations in rocket components , 3) rocket misalignnents , 4) launcher V

misalignments , and 5) factors which do not vary but are not precisely
evaluated or are unaccounted for.

Before an unguided rocket is fli ght—tested , a theoretical dis—
persion stud y is usually performed to estimatt~ its dispersion. This
analysis can be made using a trajector y simulation program in a high— V

speed computer. The best estimates available of the perturbing factors
can be put in the program , and the impact points can be compared with
the nominal impact point. When this procedur e is used , fr is assumed
that the perturbing factors act independently.

The six—year period from 1970—1976 was chosen for this study
because of the more advanced and sophisicated impact prediction and
measurement techniques used during this period ; namely , T—9 radar
pibal tracking, advanced Wang calculators utilized on hot firings ,
impact predictions using 5—D real—time systems (2) , HP—9T field
backups , etc.

Dispersion for each rocket firing is plotted on a Cartesian
coordinate scatter diagram showing the misses around the predicted
impact (origin of the coordinate system). The dispersion for each
type of rocket is then analyzed in terms of the standard error of
estimate (both total and in component form) . All cases t~ at involved
a known rocket malfunction were not included in this study.

This report presents the actual impact dispersion of twenty—four
unguided rockets fired at White Sands Missile Range (WSMR) , New Mexico ,
or the Utah Launch Complex, Green River , Utah , for the period 1970—
1976. No attemp t is made to isolate the various causes of dispersion.

The actual impact points were taken from surveys when available .
Elsewhere , radar or Sonic Observation of Trajectory and Impact of
Missiles (SOTIM) impact data were used.

This information should be helpful for range planning and safety
considerations .

1
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Figure 1 shows the White Sands Missile Range (regular Range) along with its
extended b erde rs.

For maj or unguided rocket launches (excluding small met eo itlogi cal rockets
fired from Small Missile Range), one of the major factors influ~Vnc 1ng the impact
predictor ’s decision to recommend fire , delay or hold is the c~~ straint put on
the 500 foot winds. This constraint is referred to as the ‘box limits. ” For
most unguided rocket firings , nearl y 50% of the wind we ighting as occurred in
the lowest 500 feet of its trajectory after lift—off with nearl V 75—85~ of the
total correction experienced by the time the rocket has flown same 4000 feet
after lift—off. These box limits are computed around T—90 to 1—60 seconds , and
the weighted 500 foot average wind is allowed to wander inside these limits up
to T—O to assure a safe firing. If the variability of the wind is such that the
weighted 500 foot wind during this crucial part of the count—d own wanders outside
these limits , then a delay count or a hold is initiated. The actual positioning
of these limits is determined b y the total displacement in the ~OO foot wind at
finals time* and the change in the weighted winds from 4500—800 ) feet mean sea
level from the latest two balloon runs.

It is recommended that the actu.il size of these box limits be determined
by the following method or at least have this procedure ser,e guidance. V

Using  the  s t a t i s t i c s  compi led  in th i s  r epo r t  (name ) ’— t he CC~~~ Oi i  V . : st s  of the
s tandard  e r ror  of e s t i m a t e ) ,  the mis s ile range (regular boundar ies) will be
reduced as follows (see Figure 2):

1. U t i l i z e  a 40 mile wide , 6 5 mile  long miss i le  range ( t h s t  is the  range 
V

n o r t h  of the  WSNM) .

2. Use the center  of th is  r e c t a n g u l a r  range as impact  p o i n t .

3. As in Figure 2 reduce the eas t—wes t  boundar ies  by coming in 2S f rom
each boundary (where S has been defined previously) and analogously
for  reducing the nor th—south  boundaries. This will produce box limits
of +1— X for  the east—west and +1— Y f o r  the n o r t h — s o u t h  where :

4O — 2S 65 — 2S
x =  x 

_ _ _ _ _

2 2

4. In the event it is not po ssible  to centra l ize  the impact point  and the V

impact point is located A miles east of the western boundary and B miles
north of the WSNM , then use the following formula to obtain box limits.

X = A — 2 S  Y = B — 2 Sx x

5. If extended range land is u t i l ized  for  the rocket f i r i n g ,  then the eas t—
west box limits may be extended some 2—4 miles.

* That is the time the final launcher setting angles were determined.

2 
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Theoreti cally this should in~~urt- a 9’~2 p r o b a b i i i t y  of imp ai t sin the m i s s i l e
range ( r e c a l l  the p r o p e r t i e s  of th e  s t anda rd  e r r o r  of estimate are s i m i l a r  to
those of the standard deviation). An Ae rojet Corporation report wou ld give a
lower probability (86—87%) (see Re ference 4 )  where i f  t h e  i~ . r a I i ~ , e st a n d a r d
de v ia t ion  of the imp act  poi nt  is 6 and th e  c rossr a t ~ge st an :ard d e v i a t i o n  is h
the  p r o b a b i l i t y  (p )  of impact ing  .Jth in  an el l i pse w i t h  an i n r an g e  s e m i — a x i s
of  K 6 and a c ros s rang e  semi—axis  of K6 is:

y y

- K 2 /2
p = 1 —

Al though  some o f the d i spe r s ion  s t a t i s t i c s  may suggest  r a t h e r  large box
li mi t s , p r a c t i c a l  expe r i e n c e  has shown t ha t  i t  is p r o b a b l y  l o t  a good p o l i c y
to let box l imi ts  exceed +1— 15 on the  n o r t h — s o u t h  and + /— 10 on the e a s t_ w e s t . *

I t  can be r e a d i l y  seen f r o m  th~ fo rmulae t h a t  c a l c u l a te  r H  box l i m i t s , t h a t
since A -i40 and B -- 65 t h a t  to u t i l i z e  “ a x im u m  b ox l i m i t s  ( t :- l a t  i s  t ake adva n t a g e
of the t wo s t anda rd  e r r o r  or e s t i m a t e  l e n g t h s )  , the  impac t  p o in t  should he
cen t r a l i zed  in the range as much as p o s s i b l e .

The s t a n d a r d  e r r o r  of  estimate for rocke t  impac t  p o i n t s  in component f o i n
is given by the  fo l lowing  fo rmu l a :

2S = E (y~~ — y )  S = (X
c — X )

whe re S is the  s t anda rd  e r ro r  e s t ima te  f o r  the v ( ~~/s)  miss compo n e n t .

S is the standard error estimate fo r  the  x ( e / w )  miss component .

Y is the actua l n o r t h — s o u t h  impact .

X is the ac tua l  eas t—wes t  i m p a c t .

Y is the  p redicted n o r t h — s o u t h  i m p a c t .

X is the  p r e d i c t e d  e a s t — w e s t  impac t .

n is the number of cases.

Th e stan da r d e rr or of e s t i m a t e  h as properties analogous to the standard
deviation (3) ; namely , f o r a la r ge sample , one s t andard  e r r o r  of e s t imate
comprises 68% of the samp le ; two st an da r d devia t ion s , like two s tandard e r ro r
o f est imates , have 95% of the sample and so on.

* Based on the premise that  the larger  the allowable box l imits , the larger the
permitted wind variability will be; thus , the larger the uncer ta i n t y  in t roduced
into the impact prediction will be.

3

-—



For sma l l  samp les , S an d S should be rep laced b y

S r’r
‘ 1 — 2

r e s pec t  i v e l v  . Fhis :udi t i cat i n  i s  1 i r e d  Se , i i t a l  gous to  the  ~ tan~ a~ 92
d e vi ot  ion .

The s t a n - H r d  e r r o r  o t  e s t i m a te  o f  t h e  t o t a l  r o c k ~~t m i s s  is (S +S )
x y

j
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ROCKET TYPE : 3i ,;CK ~}t~NT
NUMBER OF CASES : 27
1°7’~— 1 ~~~

N

60

30

20

10

40 30 20 10/ 20 30 40

\,~ ~~~ STATUTE MILES

20

30
r

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/W

10.7 ~.0 7. 0

RECOM~1 iiED BOX LIMITS
R U L ~r~. RANGE +— 15 Mu +— ~ EM

ThE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE: MIKE SLaCK 3~~NT
NUMBER OF CASES ;
l07v~_ 1fl7A

N

40

30

20

10

40 30 20 10 
- 

10 , 20 30 40

10 STATUTE MILES

20

30

40

S

STANDARD ERRO R OF ESTIMAT E (STATUTE MILES)

TOTAL N/S E/W
9 5  

V 

9.5

EC(M 0i L.ED BOX LIMITS
REGtfL d~ RANGE ~~i~~i)~D R~:~GE .~ Cu-~~ N uED

ThE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE: ATHEN A
NUMBER OF CASES : 21

GR~.2; ~iIv~;~i U r~-i 

N

40

30

_ _ __ _ _  

V

40 30 20~~ l0 
V 

lO\ 20 30 40
‘

.—.--. i~~J STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/W

n.g

ECOH~O~ LIED BOX LIMITS
REGUL~R RANGE +-9 ~S +— 6 EW

THE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE : ‘ -

N UMBER OF CASES : ~~~ I’E T ..M~~~, .~~~~

l°7’~— 1~~7A 2

N

40

30

20

1O • 
V

.

40 30 20 10 10 20 30 40 E

10 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/W

1~ .7 96

RECU?-~fl. LJEI) BOX LIMITS
RECUL~R RANGE 

~- — 13 MS +_3 EW V

THE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE : U f E  T0I-~:~!f. ~. .K
NUMBER OF CASES :

N

40

------.3 0

-
,

w ~~~~~~~~~~~~~~~~~~~~~~~~~~~~40 30 2 0 10 10 20 30 4 0

10 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/W
24,, 2 17,6 16.6

RECO?-CDi LIED BOX LIMITS
R.EGUL~1t RANGE

ECo1~-~~ ,‘l) EX TE~DED LAND

THE ORIGIN IS TUE PREDICTED IMPACT.
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ROCKET TYPE: NIK E C.’5JIJN
NUMBER OF CASES: 15
1°7”—1 “7c~

N

40

30

20

40 30 20 l~
,..
\ 9 20 30 40

STATUTE MILES

20

30

40

S

STANDARD ERRO R OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/W
7. 7 5.1 5•~

RECO?-VD LIED BOX LIMITS
REGIJ~L~r~ RANGE 

+- 15 US +_
~~ EW

ThE ORIGIN IS ThE PREDICTED IMPACT.

12



V V V -- ~~~~~~~~ V V .  -, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~

ROCKET TYPE : MIKE i ’[D. .C
N UMBER OF CASES : 13
1°7’~— 1 ‘~7A

N

40

30 V

40 30 2 0 10 —‘ 10 20 30 40

10 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/W

‘.4 6 .4 6 ,4

RECO?-C0 LIED BOX LIMITS
REGUL U~ RANGE 

+- 15 N13 -s- _7 EM

THE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE: NIKE IR’. ~U0ISN UMBER OF CASES : 6
1°7’~—1 

q7~

N

40

30

20

10 V

40 30 20 10 20 30 40

t~~~ STATUT E MILES

20

30

40

S

STANDARD ERROR OP ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

6,7 5,5

ECOM~E LIED BOX LIMITS
REGUL ~R RANGE

+—15 N3 + — 9 E W

ThE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE : M IKE 2 .~Vi~1.IN
NUMBER OF CASES : 2
1°7”— l ~~~

N

40 V

30

20

10

40 30 20 10 
• 

10 20 30 40

10 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V - V

6.7 . 3,9

RECO~~~~LIED BOX LIMITS
REGULIR RANGE

+.15 MS +— 10 EW

THE ORIGIN IS THE PREDICTED IMPACT.

15

_  V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _--—---V .~~~~~ - V . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROCKET TYPE : iin;~ ..2ACFI E
NUMBER OF CAS ES: ~~

‘S

N

40

30

20

V 40 30 20 ~~~~~~~~~~~ ~~~\o 20 30 40

STATUTE MILES

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

1.3

RECO?-~Di LIED BOX LIMITS
REGULIR. RANGE +- 15 :is 4. — 10 EW

THE ORIGIN IS THE PREDICTED IMPACT.

16

~~~~~~~~~~~~ V V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



ROCKET TYPE: MIKE ~~~~~~~~
N UMBER OF CASES:
1°7’~— 1 ~7f ~

N

40

30

20

d
o
_ _ _ _

V 40 30 20 10 10 20 30 40

10 STATUTE MILES

20

30

60

S

STANDARD ERROR OF EST IMATE (STATUTE MILES)

TOTAL N/ S B/V

10.6 6.~

RECO?CIE LIED BOX LIMITS
REGUL iR RANGE

+-. 1.5 l V .~~ 4 . 3  E~1

THE ORIGIN IS THE PREDICTED IMPACT.

17
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _

ROCKET TYPE : HV V ~~)~~SN UMBER OF CASES :

N

40

30 V

20

40 30 20 10 
~~ 

•310 20 30 40 
C

10 STATUTE MILES

20

3°

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

12. 5 7.t~ 9•9

RECOM~D LIED BOX LIMITS
REGUL I R. RANGE V~~~c.

V
V iUi~D L~ ND kt~Ct }’~L-NDED

THE ORIGIN IS THE PREDICTED IMPACT.

18



-- —V— ---—--
V. 

ROCKET TYP E : ~~~~~~~ D
N UMBER OF CASES :
1°7’~— I  ~7A

N

40

30

20

/ j
~)

40 30 20 10~~ ~~ 10 20 30 40

10 STATUTE MILES

20

30

V 40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

6 .9

RECOI-Ca LIED BOX LIMITS
REGUL Lg RANGE 

~c ~iS +— 10 SW

THE ORIGIN IS TUE PREDICTED IMPACT.

19
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- V - V . - - -~~~~ V .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROCKET TYPE : ~~~ pNUMBER OF CASES :
1°7”— 1 ~77~

N

40

30

20

10

40 30 20 
- 

20 30 40
\~~~~~ STATUT E MILES

20

30

40

S

STANDARD ERRO R OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

12 ,6 11.2 6.2

RECO~~D LIE D BOX LIMITS
REGUL. IR RANGE MS +...7 SW

THE ORIGIN IS THE PREDICTED IMPACT.

20

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~V. V~~~~~V V V
VV . . . V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V -
~~~~~~~~~~~~~~~~~~~ V V 

- -. —
~~~~~~~

ROCKET TYPE : AEROJ~EE 350
NUMBER OF CASES :
107”-.1 l7~

N

V 
40

30

20

40 30 20 10 ~~~~~~~~~~ 30 40 E

10 STATUTE MiLES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

19.0 15.4 11.2

RZCO!1~~ LIED BOX LIMITS
RECUL ~R RANGE 1~~~CU~~ V~~ D EX~S WED. LAND

THE ORIGIN IS THE PREDICTED IMPACT.

21 
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V

ROCKET TY PE: ~~~~~~~ 
~~~~~~~~~~

NUMBER OF CASES : 34
1°7’~— 1 ~7A

N

40

30

[2 O~~\

V 40 30 20 

~~~~~ 

20 30 40

1 STAT UTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

1.6 11.9 6.9

RECO!V~~ LIED BOX LIMITS
REGUL IR, RANGE + — l c NS +._6 5W

THE ORIGIN IS THE PREDICTED IMPACT.

22



. V . V~ 
~~~~~~~~V V~~~~~~~

ROCKET TYPE : AERO3r~E 0O
NUMBER OF CASES : 8
1°7’~— 1~~7A

N

40

30

~~~~ V

40 30 20 10! 20 30 40

~ 10
,/

” STATUTE MILES

20

30

4°

S

STANDARD ERROR OF EST IMATE (STATUTE MILES)

TOTAL N/S B/V
1t~L5 13.6 12 .5

RECU?-CIL LIED BOX LIMITS
REGUL IR RANGE 1 SCuMMED EXTE~IDED LAND 

V

THE ORIGIN IS THE PREDICTED IMPACT.
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~ 
~~V~~~~~~~~~~~~~V- V_V

ROCKET TYPE : 
~OB~~ 150

NUMBER OF CASES :
1°7’~— 1 n7(,

N

V 
40

30

40 30 20 ~~~~~ )lb 
20 30 40 ~ 

V

1 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/ S B/V

9.9 8.3 5•3

RECO?CO~ LIED BOX LIMITS
REGUL IR RANGE 

~—15 MS 4.— SW

THE ORIGIN IS ThE PREDICTED IMPACT.

24 
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--- - -V  V V .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROCKET TYPE : .~
‘
~R0R~~ 170A

NUMBER OF CASES : 22
1°7’~—1 ~~~

N V

40

30

20

40 30 20 ~~~~~ ~~10 ~0 30 40 C

STATUT E MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES )

TOTAL N/ S B/V

7.8 5.9 5.1

RECO!-~~ LIED BOX LIMITS
REGUL iR RANGE +-15 N3 +_9 ~~

THE ORIGI N IS ThE PREDICTED IMPACT .

25



ROCKET TYPE: AERO~EB 170
NUMBER OF CASES: 67
107’~.-1 q7f~

N

40 
V

_
/ ~~~~~~~~~~~~~~~~~~_

40 30 20 ~~0 1~ 20 30 40

10 STATUTE MILES

30

40

S

STANDARD ERROR OP ESTIMATE (STATUTE MILES)

TOTAL N/ S B/V

13~9 U.R

RECOIIIE LIED BOX LI MITS
RECUL u~. RANGE +-. 9NS +—5 EW

THE ORIGIN IS ThE PREDICTED IMPACT.

26



UNGUIDED MISSILE FIRINGS FROM THE WSMR

SMALL MISSILE RANGE 
V
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V ROCKET TYPE : VIP$R LOKI
NUMBER OF CASES: 31

N

40

30 .

10 -

— 

40 30 20 10 ~~ 1~ 20 30 40

3.0/ STATUTE MILES

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S 
- 

B/v
10.4 8.9 

- 5.3

RECO?’CO LIED BOX LIMITS
RECUL %R RANGE plus/minue 5 N/S plus/ninu s 5 B/ V

THE ORIGIN IS THE PREDICTED IMPA CT. 
V 

- 

V

28 
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V ROCKET TYPE : LOK I
NUMBER OF CASES : 144

- 1°7’~— 1~ 7f ~1975—19~~ sar pie)

N

40

30

20

10

40 30 20 i~~ 10 20 30 40

V 

‘

~~~~ 10 STATUTE MILES

V 20 V

- I
S

STANDARD ERROR OF ESTIMATE (STATUTE MILES) V

TOTAL N/S B/V
5. 73 4.1 4.0 

V

RECO?~ fl LIED BOX LI MI TS
REGUL ..R RANGE pius/minus 7 N/S pius/minu s 7 S/V

THE ORIGIN IS THE PREDICTED IMPACT. V
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- ROCKET TYPE: SUPER LOX I
NUMBER OF CASES : 149

- 
N

40

30

20

V 

10

40 ThO 20 ~1O 10 20 3~ 40 c

10 STATUT E MILES

V 20

V 30

40

S

STANDARD E RROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S - B/V
5.7 3.6

RECO?-~n LIED BOX LIMITS
REGUL IIR RANGE pius/mInus 4 N/S plus,k4lnus 7 E/W

THE ORIGIN IS ThE PREDICTED IMPACT.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROCKET TYPE : RDTE
NUMBER OF CASES : 89 V1°7’~— 1 ~)7~

N

40

30 
V

20

_ i _
0 V

40 30 2
V
Ø 10 

— 

iO 20 30 40

10 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V
11.2 .~.5 7.3

RECU~Cfl.~ iJ~D BOX LIMITS V

REGUL~g RANGE plus/mInus 3 N/S and E/W

THE OIIC IN IS THE PREDICTED IMPACT.
31 V
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~~~VV.~~~~~~V V .~~~~~~~~~~V

V ROCKET TYPE : ~DSS
- 

NUMBER OF CASES : 5

V 

N

40

30

20

10 V

4Q 30 20 10 ~ . J.0 20 30 40

10 STATUT E MILES

V 20

30

- 

40

S

STANDARD ERRO R OF ESTIMATE (STATUTE MILES)

TOTAL N/S - E/W
5.2 1.4 5.0

RECO?Cfl LiED BOX LIMITS
RZGUL i,It RANGE plus/mInus 13 N/S pius/minus 5, B/V

THE ORIGIN IS THE PREDICTED IMPACT.

-V - -—- I



V ~~~~~~~~~~~~~~~

ROCKET TYPE: Q JANNAH
N UMBER OF CASES : 12
1°7’~— 1 ~~~~

N

40

30

20

10 V

40 
V 

30 20 ,~0 10 20 30 40

10 STATUTE MILES

20

30

40

S

STANDARD ERRO R OF ESTIMATE (STATUTE MILES)

TOTAL N/S E/V
8.2 Li. .5 6.8

EcU?~CO~ LIED BOX LIMITS
RECUL IR RANGE plus/mInus 5 N’/~’ pius/~i~ us Lj. E/W

THE ORIGIN IS THE PREDICTED IMPACT.
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V ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -V.-- -

ROCKET TYPE : ARCA ~ (GAS GENERATED )
NUMBER OF’ CASES :
107~~_ 1r ) 7f

N

40

30

20

10

40 30 2~ 10 
- 

10 20 30 40

‘. 10’ STATUTE MILES

30

40

S

STANDARD ERROR OP ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

9. 0 6.9 5.8

RECOM~1E lii.i BOX LIMITS
REGUL LT~ RANGE plus/minus 3 N/S plus/minus 5 B/V

THE ORIGIN IS THE PREDICTED r~~ ACT. V



V V -V -V V - V V . -V~~-V~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROCKET TYPE: SUPER ARC AS
N UMB ER OF CASES : 6
1°7” — I ~~~

N

40

30 V

20

10 V

V 40 30 20 V~ 1O 10 20 30 40

10 STATUTE MILES
/

‘
V.

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

15.6 13.6 7.7

REC0?-ea~ LIED BOX LI MI TS
REGUL~R, RANGE plua ,’mj nus 10 N/S plus/Minus 3 S/V

THE ORIGIN IS THE PREDICTED IMPACT.
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- - V .- - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROCKET TYPE : HVAR BOC 3TED ARCAS
NUMBER OF CASES : 4
1°7’~— 1 ~~~

N

40

30 V

20

10

40 30 20 10 10 20 30 40

V 10 STATUTE MILES

~~~~20

30

40

S

STANDARD ERRO R OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

11.0 1C.4 3.7

RECO~Cfl~ LIED BOX LIMITS
REGUL~R RANGE plus/minus 5 N/s pius/minus 8 B/V

THE ORIGIN IS THE PREDICTED IMPACT.
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ROCKET TYPE : SPARRC~ ARCAS
NUMBER OF CASES: 2
1°7’~— 1 ~71~

N

40

30

20 
V

I
10 V

V 40 30 20 13 
• 

10 20 30 40

10 STATUTE MILES

20

30

40

S

STANDARD ERROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V

15.6 8.9 12.7

RECOH~U~ LIED BOX LIMITS
REGUL LR. RANGE RECOMMEND EXTENDED RANG E

THE ORIGIN IS THE PREDICTED IMPACT.
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V V . V V  -V VV ~~~

ROCKET TYPE: BOOSTED IDEW IND~R ARCAS
NUMBER OF CASES : 24
1°7~-1 q7A

N

- 40

V 40 30 20 10 
— 

10 20 30 40

10 
- STATUTE MILES

- /

- 70

30

40

S

STANDARD E RROR OF ESTIMATE (STATUTE MILES)

TOTAL N/S B/V
12. .5 8. 0 9.6

RECWCfl~ LIED BOX LIMITS
REGUL ~R RANGE RECOMMEND EXTENDED RA NG E

THE ORIGIN IS THE PREDICTED IMPACT.

38



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V_ V -V~~~ V V . V . V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

REFERENCES

1. Dun away , C. L. and M. M. Floidale , Mar ch 1971 , ‘Unguided Rocket Impact
Dispersion at White Sands Missile Range , N ew Mexico ,” ECOM Data Report
602 , Atmospheric  Scie nces Laboratory , t. S. E l ec t ron ic s  Command , W h i t e
Sands Missile Range , New Mexico.  AD 883 192

2. Duncan , L. D. and H. Racliele , Feb ruary 1966 , “Real—T ime Meteorological
System for Firing of Unguided Rockets , ’ ECOM Report 5037, Atmospheric
Sciences Labora tory , U. S. Army Electronics Command , White Sands Missile
Range, New Mexico.

3. Spiegel , Murray R., “Statistics , Theor y and P roblems ,” McGraw Hill Book
Company.

4. Aerojet—General Corporation (Space General), ‘ Rail Launch Dispersion
and Wind We ighting Analysis ,” Report No. SG 1316TR—5/March 1970.

5. Novlan , David J., March 1974 , “Unguided Rocket Impac t Dispersion at
WSMR ,” ECOM Data Report 821, Atmosp he r ic Sciences Labora tory , U. S.
Army Elec tronics Command , White Sands Missile Range , New Mexico .
AD 779 375

39

-- - V  V~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ V -V V 


