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ABS 1:ACL

& kinca tic study of purticl wovigotion cousscs for a
guided missile attacking a constant velocity target, is made in this
report, A method of estimating the transverse acceleration of the
missile following such a course it givern. %he application of the
rethod is illustrated for a particular sui of values of the various
parameters. Graphical pictures of seveis. ccurses are given together
with curves of co:responding missile acce’eration against proximity
Lo tar 2t. The report treats only cours.: for which the "navigationai

correction constant" is 2, Other courszs ure at present being analysed

by machine integration,
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PARTIAL NAVIGATION COURSES FOR » GUIDED MISSILE

ATTCKING A CONSTANT VELOCITY TARGET

Introdugtion

(1) A missile is said to follow & partial, or proportionmal,
navigation course ‘n attacking a target, if it is guided so that
the mlssile heading varies directly, in proportional fashion, with
the mieaile to target bearing angle. The kin;matic aspecte of such
courses have been considered by various authors (cf. references).
A general discussion of the subject may be found in Part V cf N=L
Report #a2538, entitled "Guided Missile Kimomatics" by 2. I. Newell,
Jr. The discussion riferred to is principally quaiitative, and is
based to & lerge extent upon graphical analysis. It is the purpoee
of the present report to effect a more quantitative anzlysis cf simple
vartial pavigation courses.

(2) The notation adopted herein ie that of Newell'se report.
Thus  1s used to denote missile heading, while 2 cenoteu the
minsile to target bdearing angle, both referred to some fixzed direction
2e prime direction (See Fig. 1). Moreover, as in tke earlics report
the partial navigation courses oxamined are precisely apecified as

those for which

(2.1)  §_=ap

or

(2.2) $, = a3 + conat.

(3) The coursee defimed by (2.1) and (2.2) are, in a sense,




intermediate between constant bearing coureeal, for which
(3.1) {é =0

and pursuit courses<, cheracterized dy the relation

(3.2) .=

(4) A desirable feature of constant bearing courees for miseslile
guidance is that the required transverse accelerations of the missile
seldom exceed those of the target. Bu*, the attainment of a high
degree of approximation to a constant bearing course for a miseile
attacking a rapidly manuevering target 1s & matter of some difficulty.
Partial navigation courees mey be regarded ae offering a first
approximation to constant bearing courses whe. the correction factor
& is sufficiently large., It is important, therefore, to obtain esome
quantitative measure of the goodness of this approximeation.

(8) For practicel purpuses the usefulness of partial navigation
courses will probably be determined by the magnitudes of the turaning
accelerations the miesile must experience in attacking a maneuvering
target. Especlal importance attaches to an investigation of these
accelerations, since in view of fhe obvious similarity between (Z.2)
and {3.2), one suspects that some of the undesirable features of
pursuit courses are to be found among partial navigation courses.
“his suspiclon is actually borne cut by the facts. Thus the terminal

angular velocities required of the misslle are im many cases very high.

1cs. Newell, NRL Roport #R2538, Part IV.

{{. Newell: Op. cit., Part II
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(6) The turning eccelerations experienced by missiles follow-
ing pertial navigation courses are determined below in a few epecific
casas for a constant velocity target.

(7) Finelly the attention of the reader 1e directed to a recent
report by C. I. Laacaster end L. H. Shornick (ef. ref. b) published
during the preparation of this report, and also dealing with partial
navigation courees.

General Discussion

{8) To eimplify the analysis, the present investigetion is com-
fined to an examination of conetant speed missliles and conetant velocity
targets. Such an analysie may he expected to {urnish some indication
of how a miesile will behave in attacking a maneuvering target. It
is also important to bear in mind that the spatial extenta of both
target and mlselle are disregarded for the most part, each being con-
sidercd as a eingle point. In addition, aerodynamic and gravitational
factors are completely ignored. These ilast factore undoudbtedly have
a great effect 14 actual phyaical cases, but eliminpation o their
coneideratlion in a preliminary, eessentially Xinematic enalyeie, such

as ithe present one, seems Jdesirabls.

{9) V¥ith the foregoing simplifying assuzntions, the problem of

interest now bwcomes simply that of determining the essential properties
of the trajectory of a constent epeed poimt miseile guided tuward a
constant velocity point target along a pariial uavigetion courese.

Particuler importance attaches to the magnitudes of the transverse

~CONBSTIRE- It~




accelerations experienced by the miesile.

(10) It is ehown in Appendix I that there always exists a
rectilinear path for the missile leading to a collision with the target.
This course ie obtained by launchi. ; the miseile so that the ratioc of
the sine of the initial missile heading angle to the sine of the imitial
target bearing angle is aqual to the target to miseile speed ratio;

that 1is:

ein ¥, _ VT
sin Tw

n

For this trajectory, the transverse acceleration of the miesile vanishes,
which is certainly of advantage. Plainly the path described is none
other than the familiar collisicn course followed by torpedoes. The
exintence of these rectilinear courses merely bears out the rather
obvious fact that in attacking comstant velocity targets the principal
advantage of & gulded missile over an unguided vne is not so much in

the type of course which may be followed as in the existence of
opportunity to correct initial errors in launching.

(11) The more general case, however, in which the target employs
evasive acticn 13 perhaps of greater importaence than that ir which the
target ie unuccelerated. In such a case the miseile must also maneuver
in order to effect a collision with the target. It is plain that the
targs i ¢ maneuve:.ing, 18 to a great extent arditrary. The motion of
the missils, on the other hand, must be related avpripriately to that
of the target, or no collision will occur. Thus, if the missile is

constrained to follow a apecific type of course, which in the present

COUFIDENDIAL - 4 - R-2790




case is to be a partial navigation course, the maneuverability requived
of the miselle ie determirate. The equations of motion .or a target
turning with & specified normal acoceleration are at present being
integrated numerically to determine the trajectory of the missile to-
gether with 1te turning accelerations. as stated previouely in thie
discussion, the target 1s taken ae unaccelerated; dut the turning
accelerations of the missile in following partiel navigation courses
other than the simple collision couree, may ds expected to offer some
hint es to the maneuvering of which the missile should be capable in
order %o attack a target succeesfully.

(12) The reet of the report, then, concerna those partial
navigation courees which are not collision courees, in which, therelore,
the misslle is accelerated. Moreover, the navigational correction &
in Equations (2.1) ard (2.2) 1s taken as 2. This azain is for the
sake of simpliclty. The treatment of cases in which the navigational
corrcction exceeds 2 will appear 1n a subeequent report.

(13) The analyses of Appendix I in which a is 2, shows thet a
constant speed miselile attacking a conestant veloclity target may have to
undergu very large or only very small accelerations, depending upon the
conditions incident to the launching of the missile. In fact as in
the case of cimple pursuit cours-~-, there are three separate cases which
may arise; 1) the transverse acceleration of the missile vanishes as

the target is peared; 2) the acceleration becomes infinite as the miesile

approaches the target; and finally, 3) the limiting value of the missile




acceleration is finite but not zero.

(14) Sr.e 1. The transferse scceleration of the missile vanishes
as the terget 1s neared, if
(14.1) cos 85+, ) -—-"; er ¥,4 p, ¢ &rccos (--"5)
Rere ¥ is the 1initial relative miseile heading®, (3, the initial
target bearing, and p the miesile to target speed ratio.

(15) Curves A of Fig. 2a and U of Fig. 3a depfct pathe for which
(14.1) 1o satiefied. For path A, (3,=90%, ¥, = 16%; end for D
Gso = 105°, o= 0% 1In both cases p- 2. The shapes of the paths
depend upon p, (3,, &nd ¥, ., ut not upon the ingtisl ranges. It
is convenient, therefore, to measure missile to target ranges in terma
of decimal parte of the initial range. Thus, suppose that in Fig. 2a,
r, = 100,000 ft. In this case the mlssile following path A intercepts

the target when the latter has travelled 0.6r,, or 60,000 ft. Since

Vo 18 twice V’. the length LH of the missile trajectory is 120,000

ft. Finally, the time for interception of the target is readily computed
a8 LI(/VM'

(16) The varilation of transverse acceleration alopg the trajece
tories A and D is shown by curves A' and D' of Figs, 2b and 3b. Curve
B' of Fig. 3b exhibits the acceleration for a path in which p=2,
3 = 1059, ¥o= 8°. It is seen that ta corresponding trajectory
aleo falls into Case 1. The graphs are plotted onm logarithmis paper

in order to magnify the region of small misslle to target range, so

3As teen in Fig. 1, ¥= [ B Lo, N

CONGRDTNT-SiL - 6 - R-2730




that the rapldly changing acceleration in this region may be accurately

represented. The inner ordinate scale is dimensiocnless, giving trans-

verse acceleration in units cof gvmz/ro. while the inner abcissa scale
shcws range as decimal fractiomal parts of r,. The use of such scales
enables cne ty apply the grophs with differing values of missile

speed V:T anl initial range r.+ Yhus, the culer scales give accelera-

tion in units of g versus range in feet for the specific values

Vo= 1000 ft/sec, T, =100,000 ft. The point marked X on curve A'
represents an acceleration of 0.2g at 60 feet .rom the target for these
specific values of Vm and 2y At the same time its dimensionless
coordinates (.0006, .002) permit interpretation for other valuee of

Vy end ryi for example, ir V = 700 ft/eec and r = 50,000 ft, the
acceleration is about .02g at 30 feet from the target.

({?). It is of interecet to notethat in these curves the meximum
acceleration ie not much greater than the initial acceleraticn. Thue,
in thesc cases, initial acceleration may be used ae a falr estimate
of the maximum. A preliminary investigetion strongly suggeet that this
1s true for all trajectories in which the rutio vm/vT = p 19 nearly 2.
However, it can he showr that as p decresses the ratic of maximum
acceleration to initial acceleration increases.

(18) 1f (14.1) holds for p= 2, then 1{°+13°doea not exceed
120°. Thus, if ;3. iteelf exceeds the "critical value" of 120°, no
posi<ive & exists which will yield a trajectory of the type descrided

in case 1. It is plain that as p 1s decreased the range of values
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for f, corresponding ¥e trajectoriea of case 1 becomes greater.

(19) Case 2. The tranaveree acceleration of the missile becomes

infinite as the target (s neared if
(19.1) cos( ¥o+(3.) <- -"; or ¥, +p3s > ercuos (- -‘ﬁ)'
whore the esynbole are those used in paragraph (14).

(20) Curves G of ig. 2a, K of Fig. ¢a, and N, 3, S, T of Tig.
5e depict paths for which (19.1) is satiasfied. For path ¢, (3s°90°,
¥o = 45%; for K, (2.°120°, ¥, 13% for W, (3,-135°, &= 59;
for 4, .=135%, ',715°% for S, (3,=135%, ¥,-285%: for T,
po-= 1350. Z;=-45°. In all cases T.:z. As explained ip the diecus-
elon ol case 1, the curves mey be ueed to determine path lengthe and
timee of flight.

\21) The variativn of traneverse acceleration along sach of
the trajectories G, X, N, ¢, S, and T 1s shown by the correspconding
primed curve of Figs. 2b, 4b, or Eb. Curves G' of Fig. 3t and M' of
Fig. 4b exhibit the accelerations for paths in which /50:105°.
o= 387, end ﬁo: 120°, ¥, = 3° respectively. Again p=2., The
corvesponding wvrajectories fall into Case 2,

(22) All the curves referred to show & rapid increase in miseile
acceleration as the target ie nmeared. 2lthough one is inclinmed to
regard such a property of a trajectory as urdesirable, nevertheless
this unlesirability can be overemprasized. It should be kept in mind

thet the seneral discussior as given applies to point miesiles and

polint tar;ete, and that spatial sxtents of both target and miselle




favor the atticking miselle. Thve, a hit may uccur before ths missile

. acceleration becomee excessive.

(23) The plotted acceleration curves enable one to determine,
for varioue initial conditions, the mieslile anceleration at a apecified
distance from the target. TFor any given se: of values of lethal
misslle to target range eand maximum allowable missile acceleraticn,
there is & voint determined by missile speed and initial range, such
that any ecceleraticn curve which passes beiow this point correepcnds
to a useable missile trajectory in the sense that a miseile following
such a trajectory can come wlthin lethsl range of the target.

(24) To illustrete, let the lethal range be 50 feet and suppose
that .he maximum attainadle miesile acceleratior is 5g. The circled
point in each of Figs. 2v, 3b, 4h, and 5b corresponde to these values
for & misrile speed ef 1CO0 ftfcce and an initial range of 50,000
ft. All the curves except N', P', and T' pass below the encircled
polnt, and, therefore, correspopd to trajectories along which the missile
acceleration does not exceed 5g until the miseile im within at most 50
feet of a target.

(25) & generalization of the foregoing discuseion ieads to con-

clusivne conveniantly expressed by means of Fig. 6. which le based on
tho mnalysis of Appendix I1I. The figuve is drawn for e missile speed
of 1 ) ft/sec, and 5= 2. The ordinatee show initial relative miseile
heading K}and the abecissaa show initial target bearing po. The entire
shoded area represents the range of values Ior U;and‘eufor which the

miseile can approach to within 50 ft. of the tar et without undergoing
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an acceleration in excess of 5g. The included boxed area corresponds
to trajectories exhibiting the properties of Came 1. Initial valuves
which leed to rectilinear misslle pathe lie on the curve YY.

(26) Exeminatic: of Fig. 6 showe thet for inltlel target beariage
less than 120° there ie a rather wide range uf initial missile hcadinge
for which the miseile can come cloee to the targst without experienclng
eccelerations exceeding 5g. For target bearings greatsr than 120°,
the range of euch initiel headings decreasen rapidly to a nsrrow
interval containing the special value corresponding to a collision
course.

(27) Case 3. The traneverse acceleration of the mieeilc approaches

a finite value, other than zero, as the target is neasred if
(27.1) cos( 8,4 B0 ) = - Jf; or ¥+ /3, = arccos (- .F)
This caee ia intermediata between 1 and 2,

(28) It ie shown in Appendix I that in Case 3, the missile ac-
celeration either keepe increasing or keeps decreasing throughout the
entire flight. The maximum accleration accordingly remains finlte and
is either the initial or the terminal acceleration, and may be computed
from the appropriate ome of formulas (37.7) and 37.8) of appendix I.

(29) Curvee B, F, and 7 of Fige. 2a, 32, and 4a respectively,
depict pathe for which (27.1) is satisfied. For path B, B 90°,
B, = 45°%; for ¥, [Bo= 105°, ¥, =16% for J, (3. = 120°, o= 0% Ae
tefore, p= 2. The verlation of acceleration along each of the trajec-

tories B, ¥, and J is shown by the curvee B!, ¥', and J' in Figs. 2b, 30,
and 4b,

COPRMBMRILL. - 10 - R-2790




(30) 1f p ie fixed, the trajectories of case 3 co.respond to pairs
( Bo. ¥o) which are the coordinates of points on a straight line such
as Y2 fo Fig. 6. As shown there, the straizut lime forms a boundaby
separating the polnts ( Pos ¥a) into regione corresronding to trajec-
tories of cases 1 and 2 respectively.

(31) A comparison of the courses shown in Fig. 2a with those of
Tigs. 23a and b of Hewell's report (cf. ref. & Part V) reveals a close
agreement betwsen the two sets. Both sets of trajectories were plotted
for the same lxmitia) conditione, bBut the latter set was conatructed
under the assumption of discontinuous corrections applied to the missile'e
motion. Ibn view of the cloee agreement between the two sets, one
concludes that the method of Newelil's report offers a simple and rapid
«cags Sf approximating to the continuous correction case. 2t suffices
merely to use & relatively small semsitivity of correction (gf.ref.a Pt.V)
Co zlo0

(32) Following 1e a list of some of the conclusions wkich can be
drawn from the ocaalysis of partial nmavigetion coursee for canstant
speed miesiles attacking comstant velocity terge®s.

a) The straight line collision course always existe as a
partial navigation course, whatever the initial relative positions and
relative speeds of target and mitssile, and whatever the pavigational
corrections used. To obtain such a migeile trajectory, it suffices

merely to launch the missile with the eppropriate heading.

t) For navigational correction constant a =2, the courses may he




divided iato t.ne three classes: 1) trajectories in which the terminal
missile acceleration is zero; 2) trejectoriee in which the terminal
miseile acceleration ie infinite; 3) trejectories in which tho *erminal
missile acceleration is finite, dut not zero.

c) Courses with zero or finite terminal acceleration exist
only for initial target beariungs lese than a certain critical value if
initial relative missile hwveding is non-negative. This critical value
depends on the missile to target speed ratio.

d) Spatial extent of the target in general favors the
missile so that trajectoriee 0f class 2 are not necesearily to be
discarded as unuseable merely bescause of the high terminal acceleration.
It may be thet the miesile can approach to within destructive range of

the target before the accelerations become excessive,
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APPENDIX I

Mathematical Anaiysis of Partial Navigation Courses

(33) The purpose of this aisc.ssior is to set forth the analysis
needed to determine the essential characteristics of the trajectory
followed hy a corstant speed point missile ursuing a ‘onstant velocity
point target along a partial navigation course, Let /3 represent target
bearing: ¥ ,relative missile heading; Vr, target speed; ‘\Im, missile
speed; and r, target to missile range., Then, referring to Figure 1:
(33.1) Yi;’ =V, sind - Vpsing,

Y = -V cos¥4 Vp cos 3 .

Since ﬂm’?)’:{&, the fundamental relation 2.1) may be written as

(33.2) ¥z (1 -a)g.
i It is reudily seen that there always exists a rectilinear partial
| navigation course, namely, that for which p =¥%¥=0, This is, in
fact, the familiar collision course. Ietting the subscript o denote
initial values, one finds for the collision course that

v

oy o Vg )
(33.3) sind, = T sing, .

(34) The remainder of this discussion will be confined to an
examination of the cases in which a= 2, Analysis of cases in which '

3 exceeds 2 is under way and the results will appear at a later date.

(35) With a =2, (33.2) integrates to

(35.1) Y == + o where o :X,+§3o.




Then

~

’ (35.2) -YY¥ = Vp sin &« VT sin (~o- ¥ ),

.} 2 ~ Vm cos ¥ - VT cos ("‘o‘ ¥ );

so that

X » (M- _cosx) cos3 = sin s sin¥

v ‘P*‘ c0Sw, ) siny - sin . -t<, cos &
(35.3)
.J' 1 - -
wiere p = 'm_ . This has the solulion

Vp
. k3
2P i, (l’s'a.' F -

(35.4) r=v€ J42p crame vt J(P HcoSa) £ind = sinmecosd !+ 2p canotpt
= Ve (4 +coset.) sind,- s:.na.}cosaos

Thus for any p>1l, r becomes zero when Xtakes the finite value

: - _Sines
(35.9) ¥,= arctan (= oo o ),
unless
- (35.6) (p+cosaa) sin¥o - sinsecos ¥ = Q

When (35.6) is satisfied, the trejectory reduces to a collision course.
In either case it is plain thal the missile will cvertake the target if
the missile speed alway< exceeds thst of the target.

(3¢) Combine (35.2) end (25.4) to obtain

(36.1)
. \VA Simasto (-0 ;) 21+ praa o)
. '-‘-;: (smfs.- p sin b’.)e Bt (-..E.) pi_, ]
Eince lim ¥ =7y, , one concludss that
Y30

“1in % = if pcos s > 1,
N3 oo if peos s <L - 1.

v >0
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The transverse acceleraticn of the miseile 4, 1s given by
(36.2) Ay= 0V, =2¥V,
80 that,
. ooUm Ayzfoifpeos ™y >- 1 or X5 coe 1=y - B,
(36.3) >0 _1\° .
®0 if pcos ™, < -1 or ¥, cos (- T"—) _[3,.

(3?) Wnen ¥,= arccos (- -1‘5—‘) - (s 1t cen be shown that the missle

acceleration remaine finite throughout the flight. T, let

p cos & =-1 in (35.4):

2(%9_-3)
(37.1)Y = AN m 5‘7‘;2 -1 gin ¥ -~ cos ¥ Z

¥ - 1 sin Yo - cos ¥, :

The first of equations (33.1) becomes ‘
2(5,- ¥) }

= Vo2 - a5
(37.2) - e J;’B -1 b; ,_.,_'!'__,L___l_ \(pz -1sein) - oor—b’o?,
P )
which hac 4he solution

2V
(37.3) ¥ = ¥, - _ﬁ‘r—g_;__.l—log 0‘:‘;{%.{3?2 -1 ein¥,- cos Xo‘gt + ]] R

Differentiaste (37.32) with respect to time:

b

ray ¥ = 1dPe 1 dcon¥e - FPo3 win %ol
BVT{}VE-I sin ¥, —coeX°§t+P(o

. X,
From (27.4), ¢ is finite ualess t = P Yo = T oo

eVp (cosd - P2 - 1 atn ¥o)

From (37.5) it is seen that the time of flight t, 1s
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S RRNLIISLE)
(37.6) t¢ = fp2 1 ) '
2Vp (cos &p- (P2 - 1 s1n¥5)
€0 that
2 (¥~ ¥e)
(27.8) f¢ _1-e Jp2-1 .

too

Thus, collision occurs hefore infinite acceleration of the miesile

is required. Hence, 1n this case, the missile acceleration is bounded
throughout the entire flight. I¢ can be shown further that the
acceleration either decreac :8 continually from an initial maximum
value, or increases steadily fo a final maximum value. This can be
seen from (37.2) waich shows that z is an increasing or decreasing

finction of time, according as b’c is greater or less than 8o . 1If

5°=Ko

then

1
-1

1
erctan ——— . = areccos (— -_-) ~ o
f{, 2 P ﬁ

or (go___ _T_fz_'
1

Thus, if (5_))-—2—- , the meximum Acceleration over the path occurs

at the time of ccllieion and has the value

2T
2 ’ Vs o — T
(87.7) & = Vm \ 25 -1 (coobf,- %-.2 -1 sin)fo) e \/pr... 1
nax ‘(“/ 2 f
© P
If 3,< J; , the maximum acceleration occurs at the time of .
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launching, ¢ud is given by

(37.8) 4 :( V:‘ZA} 2 'E:" 1(coa - sz- 1 sln ¥ )
° Y

max
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APPENDIX II

grar lcal Analyeis of Partlal Navigation Gourses

(38) The purpose of this appendix is tc descride a method of
graphical interpolation between acceleration surves such as those of
Figs. 2b, 3b, 4b, and 5b. The curves used to illustrate the analysls
are specifically those of Fig. 2h. It will be clear how the dis-
cuseion applies in gemeral.

(39) Referring to Fig. 2b, 1t can be seen that the curves A'
and C' are for & large pert approximately straight lines, the elopes
of which may be obtained directly from Equation (36.1) by lettiag
2(’approach h/c » whete X} is the relative missile heading at

collision. The slope 30 obtained is

(29.1) e,zz, (14 pcosas),
P -1

P being the miseile to target epeed retio. The angle X, is the sunm

of initial target bearing angle p,aud initial relative missile

heading ?,(.; . Setting —-:—:——: 1 1in equation (36.1), it is seen

o
that the right hand intercept of an acceleration curve 1s given by

the expression

2

(39.2) ¥

ein-ﬂo — F sin Xo‘ .

The curvee of Fig. 2b were drawn for p=2, {3,':90" . Under these
conditions (39.2) is
(39.3) —-E—- ‘ 1 -2 unfol .

Thus, the initial value of acceleration for the trajectory with

COEDRIRMRLLL ~ 18 ~ R-2790




(o= 30° 1s zero, while the trajectory with Xo’: 0° has inttial
Va 2

acceleration (-03L ) g for mieclle speed Vm end initial

Q

range Y, . Any ¥, between 0° and 30° yields an initial

acceleration lees than thie value. After no more than a small
increaze, as -}—{;— decreasee, the acceleration curve begins to
follow the rectilinear decrease with slope (39.1). Thus, no partial
navigation trajectory with & =2, p -2, ﬂ°:90°. and ¥, between O° and

30° requires of the missile & tranaverce acceleration much in excees

V.2
of(—OSl 2 )g. Applying & eimilar dizcusslon to Fig. 3b, where
o
az-2, v=2a, (3,:106°. ons finde that the coursec for ¥obetween
v.a.
Q° and 15° require aceslerations not much greater chanQos Ym
L4

More exactly, as ceen from curve D', the maximum acceleration does

. v_ 2
not exceed(.oss T )6-

(40) The curvee discuceed above all come under @ase 1 of
paragraph (13), and accordingly are characterized by zero tertinal
missile acceleration. For curves of Carze 2 in which the terminal
acceleration is infinite there is, of course, no maximum. In this
ca.e the graphs may be used to determine whether & particular set
of initial conditions corresponds to a useable trejectory im the
sense that a miscile followin, such a trajectory can come within
destructive range of the target without being required to undergo

excegesive accelsrations.

(41) To 1llustrate?, suppose & destructive range 1o 50 feet,

43¢ also varsgraph (24), where the same problem is discuseed.
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and that the maximum attainable acceleration 1s 5g. The circled
point in each of Fige. 2b, 3b, 4b, and 5b corresponde to theee values
of destructive ran:e and maximum allowable acceleration for a missile
spesd of 1000 feet/second ard initial range of 50,000 feet. Curve
C' (Fig. 2b) representing the acceleration of the trajectory determined
dY¥p= <, (3°=90°. % = 43° 18 ween to pase below the circled point;
this indicates that the acceleration does not exceed §g until the
missile is within at moet 50 feet of the target. £Leeping Fand/}o
constant, and decreasing Yo , the right hand intercept decreases us
is verified by reference to (239.3). Tquation (39.1) shows thet the
slope of the straight line portion aleo decreases numerically. Thus,
it seems reasonable to suprose that any acceleration curve with
P=2, {36’900. and 35 less than 45° passes below, the circled point,
and in fact 1t appears that this value of 45° 1s conservative and may
perhaps be extended as far as 50°.

(42) This estimate is used in the plotting of the upper
boundary of the summary graph Fig. 6, which was discussed in paragraph

(25). Other points on the uvver boundary in Fig. 6 for p,,"105°. 1209,

and 135° yere found in like menner from Fige. 3b, 4b, and 5b ree~
pectively. 1In fact that estimates for the higher values of [J'., were

made in the same way with curves which are not shown in this report.

e e -
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