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SECTION I 

PÜRP03K OF PROJECT 

Project 1QC-800 Is a nine months' study and research program calling 
for "investigations in connection with the development of a supersonic 
air-to-air pilotless aircraft for use as a guided missile for the de- 
struction of high performance hostile aircraft". The study and research 
are to provide recommendations for the continued development work required 
for the completion of suitable designs for all necessary components, and 
will Include proposals for the additional engineering studies, development 
tests, and construction necessary for complete development of this pilot- 
less aircraft. 

The missile is to have a tactical range of 6000 yards, a speed of the 
order of 1500 miles per hour, and is to be used against 750-niles per hour 
aircraft. 



fKELLOGG] 
VW/ 

SECTION II 

SUMMARY Of WORK CONDUCTED .DURINÜ THE PERIOD DECEMBER 1, 19»6 TO FEBRUARY 6. 19fc7 



.    MV . 
I KELLOGGI 

SPECIAL PROJECTS DEPARTMENT 

SECTION II 

A.      SUMMARY Of WORK CONDUCTED DURING THE PERIOD DECEMBER 1,  19^6 TO 
FEBRUARY 6,  1947. 

During the past two month» the efforts of Project MX-800 personnel have 
been devoted to the following activities: 

1.    An ivestlgatlon of sweptback wings, 

Z.    A study of the effect of the location of the main wing, downwash 
and tail orientation on performance. 

3.    A study of rolling moments. 

k.    Preliminary considerations in the design of the booster. 

5. A study of the effect of missiles on the mother aircraft perform- 
ance. 

6. Preliminary mechanical design of a missile with a Bustalnar motor 
and a detachable booster. 

7. Preliminary mechanical design of a missile, without a sustalner 
motor and a retained booster. 

8. Missile evaluation and tactical analysis. 

9. A study of the radio equipment for the two-beam command navigation 
system. 

10. A study of,  and design considerations of,  the short range seeker. 

11. An investigation of the missile equipment for the two-beam command 
guidance system. 

12. A discussion of the operator training equipment necessary for 
missile operations. 

13. A discussion of special test equipment necessary for the MX-800. 

lit.    A study of the radar sets and computers necessary in the launching 
aircraft. 

15. A study and discussion of roll control and stabilization. 

16. A comparison of the control of a monowlng and a cruciform wing 
missile. 
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17. A study of the control system for the two-beam command guidance 
system. 

18. A study of the control system for homing «1th seeker guidance. 

19. An Investigation of the effects of aerodynamic parameters an design] 

20. A comparison of continuous and discontinuous control systems. 

21. A mathematical and electronic analyser studies of the control 
problem for two-beam command guidance. 

22. An estimate of the errors encountered In a two-beam command system. 

23. A preliminary study of the launching problem. 

Members of the Inglneerlng Staff visited organisations11sted below: 

Organisation Visited Subject» Discussed 

Applied Physics Laboratory 
Silver Springe, Maryland 

Applied Physics Laboratory 
Fort Miles, Delaware 

Boosters and Control Devices 

Testing grounds, methods and equip- 
ment 

Personnel of the following Organisation visited the M.W. Kellogg Company 
to discuss the problems noted below: 

Organisation 

Boeing Aircraft Co., Inc. 

Wright Field (Ordnance Lab.) 

Subjects Dlecussed 

Guidance Systems 

Control Equipment 
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SECTIOI; III 

ALRODYIAT.ICS 

A.       ST.'EPT BACK TOTOS: 

It is Idiom that relatively high lift-drag ratios can be obtained when 
the leading edge of the hing lius «mil underneath the liach cone. To achieve 
the latter condition and, at the same tine, to avoid an unreasonably long 
wing compared to «he rulatively short air to air missile, a speed range 
lower than the previous runge ..ill be considered, namely 1400 to 2400 ft per 
sec. This speed range and altitude requires that the forward vertex angle 
of the half wing be not greater than 20 deg. The total drag versus lift- 
weight ratio for a missile with a delta type wing of 6 s.j ft area and a half' 
wing forward vertex angle of 20 deg is shown by curves F-l and 7-2 Figure 
1 . At a speed of 1700 ft per sec and an altitude of 30,000 ft it is to be 
noted from the latter curve that the reduction in total drag over the total 
drag of missiles with wing plunforas "C or "D" (Fig 2 ) is substantial (.11 
and 19 per cent respectfully) for lift weight ratio of 9. However, it is 
also observed that the required angle of attach needed to give a lift-weight 
ratio of 9 at a speed of 1400 ft per soc at an altitude of 30,000 ft is 17.6 
deg co-pared to 11 deg for that required for the 2.1 aspect ratio rectangu- 
lar wing, denoted as "C" in Figure 2 . This high angle of attack will cer- 
tainly prove to be a great disadvantage if the loss of lift occurs at the 
theoretical shock detachment angle of 9.5 deg corresponding to the flight 
Mach number. Only if proven that it is the Kach number corresponding to the 
component of the flow normal to the leading edge which more closely deter- 
mines the phenomenon will this wing be capable of giving reasonably high 
accelerations at a reasonable runge of speeds. A rough check of the possi- 
ble "one chanca zone" for a missile using a 20 deg delta type planforn indi- 
cates that it nay be smaller than that for a missile having a speed range 
between 1660 and 2750 ft per sec with a 2.1 aspect ratio roc<,angular wing. 
On the other hand the former missile has a launching weight advantage of 
approximately 50 lb over the higher speed missile. 

According to triangular and sweptback wing experiments run by John 
Stack of KACA (Reference 1 ) a delta wing experiences erratic behavior of 
the lift characteristic when the parameter yR  - 1 tan w is near one, where 
II is the flight I'.ach number and wQ is one-half the vertex angle of the for- 
ward point of the delta. V/hen one examines Stewarts' Theory on delta wings 
it is expected that this phenomenon is similar to the instability which a 
straight leading edge wing experiences when going thru the transonic range. 
For the 20 deg delta wing under consideration*/!,! - 1 ten w„ becomes equal 
to one at a speed of 2920 ft per sec at 30,000 ft altitude. A maximum 
boost speed of this missile may have to be limited to about 2400 ft per sec 
in order to prevent the missile from becoming unstable in the operating 
range. For unlike the straight leading edge type wing, the delta wing mis- 
sile does not have the advantage of having the booster thrust available at 
the time when it could quickly push the missile through its transonic range. 
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Finally a delta wing is indicated to be of questionable value for hlghl • 
maneuver able air-to-air missiles by Boeing's wind tunnel experiments.    Even 
when this wing was operating well underneath the Mach cone, the presence of 
a short body appears to eliminate its high lift-drag ratio advantage over 
reotangular wings.   However the presence of a body did not eliminate this 
advantage for the sweptbaek wing of constant chord with its leading and 
trailing edge 21 deg underneath the Mach cone.    It appears that operating 
this type wing 21 deg under a 36 deg Mach cone, corresponding to a Mach 
number of 1.7, becomes impractical, particularly if the wing is to be made 
movable. 

B. LOCATION OF THE MAIN 7JIN0S: 

In Progress Report No. 3 (Reference No. 2) the effect of the location 
of the main wing on the total drag, attitude of the fuselage, and the angle 
of attack of the wing was shown. By using results of wind tunnel tests 
conducted at Aberdeen for the Boeing QAPA aircraft as a basis, the effects 
of lateral accelerations, interference from the wing, and tail orientation 
were computed and are shown in Figure 3* 

We may summarize the results as follows: 

1»  For large accelerations, advancing the wing forward by a small 
amount results in a decrease in drag, an increase in the angle of attack 
of the fuselage, and a decrease in the angle of attack of the wing. These 
effects are shown to be small when the accelerations are leap than 5g or 
when the wings are not located further than 0.4 ft aft of the eg. 

2. The effect of interference between wing and tail is to move the 
wing location for zero trim nngle aft. This interference has little effect 
on the reduction in drag which may be obtained through moving the wing for- 
ward. 

3. By rotating the tall surfaces 45 deg from the wing surfaces the 
interference effects from the wings, are markedly reduced. Therefore a 
configuration with a tail rotated 45 deg will be adopted. 

It is to be noted that for 13 g acceleration the reduction in the total 
drag reaches a maximum when the wing is located about 0.4 ft forward of the 
eg; where a reduction in drag of some 23 per cent is obtained over the zero 
trim location of the wing. The principal advantage of arrangement B (Ref- 
arence 3) which is tho identity of the fuselage axis with the flipht path, 
is not believed to be seriously impaired. For tt:is reason the present de- 
sign is based on the center of pressure of the wing being located 0.4 ft 
forward of the eg. 

C. BOOSTER DESIGN: 

The co-axial type booster will be the only type considered aerodynarci- 
cally, the parallel type booster being disregarded because of its more com- 
plex Jettisoning problem as well as its apparently poor aerodynamic features. 
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The latter 1« most Important beeauae It la the prim» faetor in affooting the 
performance of the mother aircraft. Although the oo-axial type at first hand 
appear« to be a laaa compact desiga from a launohing point of Tlew, a de- 
sign procedure to minimize thia disadvantage haa been established. 

The problem resolves itself into arranging a given «eight booster in the 
least spaoe by making the booster fins a continuation of the supersonic tall 
of the missile which minimizes the Interference between these two fins as 
well as the Interference from the main wings. In addition the og of the mla- 
alle-booater combination la kept as far forward as possible by making the 
booster of as short a length and as large a diameter aa good rocket motor 
design will permit. In this manner the destabilizing effect of the main 
wing, is minimized. Pur the more a large enough span of the booster fin is 
taken so aa to minimize the effect of aspeot ratio on the lift. 

Based upon the above design conditions and having given the relation 
between booster length and diameter for a given weight of booster the fin 
area may be determined as the solution of a pair of simultaneous equations. 
These equations express available fin area as a function of booster length, 
and required area for neutral stability as a function of booster length. 
Thia was done at a apeed aa high as available data would permit, namely at 
Mach number of 0.7. The resulting 280 lb boaster and fin design for boost- 
ing the 350 lb missile In two seconds is shown In Figure 4. It must be 
stressed that the procedure outlined above is only a first approach to the 
solution of the problem of designing a tall suitable for the transonic range. 
The problem of shaping the tall and possibly the wing for stability still 
remains. 

D.  ROLLING MOltaiTS: 

A oruciform missile or any other type which has radial symmetry appears 
to have no aerodynamic momenta which tend to roll the missile continuously 
about its longitudinal axis. However side slipping a wing causes asymmetri- 
cal cone effects on the tips of the wing operating at an angle of attack to 
produce an unequal distribution of lift acroaa the wing which In turn will 
produce a rolling moment. A first approximation of the rolling moments of 
a 2.1 aspeot ratio rectangular wing versus angle of sideslip la shown in 
Figure 5 for several angles of attaok and two Mach numbers. It was first 
thought that a oruoifom missile which was designed to trim out at an angle 
of attack other than zero might have a tendency to roll steadily when both 
wings were operating at an angle of attaok corresponding to a given acceler- 
ation. When this missile trims out in such a maneuver, sideslip occurs on 
both wingB such that the asymmetrical cone effeota produce rolling momenta 
on each wing which are equal but opposite in direction. The approximate 
analysis used shows this to be the case no matter what combination of angles 
of attack of each wing is used slue the sideslip la here a linear function 
of these angles of attaok. It is pertinent to mention here that W.F. Hil- 
ton of Juans Hopkins Applied Physics group has found a similar cancelling 
of rolling moments because of the rffect of a fuselage on radially symmetri- 
cal wing or fin arrangements. 
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An estimate will no« be made of the maximum possible rolling moments 
which may exist for the missile shown in Figure 6 when flying at 2700 ft per 
seo at an altitude of 30,000 ft with one wing at a lift-weight ratio of 13 
or 7.5 deg angle of attack. 

Prom Figure S it is found that a 100 ft per sec gust of wind across 
the above wing, causing a 2.1 deg sideslip would produce a rolling nonent 
of 30 ft lb. In as much as the missile is trimmed ut an angle of 3.5 deg 
for this case the tail would also produce a rolling moment of 4 ft -lb. A 
wing dihedral of 2.5 deg resulting from the above load causes an additional 
moment of 50 ft-lb. Another source of rolling moment could be due to manu- 
facturing tolerance of say 1/4 deg misalignment for each half of the cruci- 
form wing and tail all adding to give a rolling moment of 312 ft-lb. It 
may further be conceived, for estimating purposes only, that the first ment- 
ioned source of rolling moment exists for a very short duration of time only. 
This would come about by assuming that one set of wings of the cruciform is 
first being sideslipped by virtue of the finite trim position produced by 
the other wings and then the first 3et of wings is suddenly moved to its full 
angle of attack position (7.5 deg) before the missile has time to trim out. 
The rolling moment which results from this hypothetical case is 60 ft lbs. 

Now assume all of the above conditions exist at the same time to give 
a possible maximum rolling moment of 456 ft-lbs. For the missile shown in 
Figure 6 , each half of a pair of the main wings would have to move approxi- 
mately, 1 degree differentially to stabilize this moment. A aet of flippers 
with a chord of 0,67 ft and half span of 0.7 ft could stabilize this some 
moment by moving each differentially to an angle of uttacl: of 16 deg. It is 
to be noted that the wave drag of thesu flippers alone would increase the 
total drag of the missile 5 per cent. 

Therefore roll stabilizing tV.u fissile by moving tho r.ain wings differ- 
entially is preferred aerodynamically, unless this becomes impi'üCjictil from 
the controls point of view. 

S.  ESTIMATED EFFECT OF TISSILSS 0! i'.07II3R AIRCRAFT paaFO^.tTCS; 

An analysis was made to show the effect of two missiles on the perform- 
ance of the mother airplane. This analysis was made by assuming a sot of 
aerodynamic characteristics typical of a modern fighter airplane and combin- 
ing these with the thrust values of an actual turbo-Jet engine suitable for 
a fighter desigh. The following table shows the values assumed for tho per- 
tinent airplane and missile characteristics. Included in the analysis aru 
drag compressibility corrections obtained from data in Reference 4. The 
data are results from high-speed wind tunnol tests conducted on a .3 scale 
model of the P-47 airplane. Since the airplane analyzed is assumed to be 
aerodynamically much cleaner than the p-47 airplane, one-half the correct- 
ions given in Reference 4 was used in the analysis. 

The thrust values used are those for u 011B turbo-Jut entfinu which 
furnished 3080 lbs of static thrust :it SL (5) 
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1.      AIRPLANE 

Gross Weight, W,  lb 10,000 

Wing Area, S,  sq ft 250 

Wing Aspect Ratio, R 5.0 

Efficiency Factor (Oswald),  e .9 

Parasite Drag Coefficient,  C. 
do .0180 

2.      MISSILE (  P3R SIDE  ) 

Weight,  '.^,   lb 750 

Body Eron;al Area, A,.,  sq ft 
l 1 

.442 

Parasite Drag Co-Jff iciünt, C        * .Ü50 

Induced Drag Coefficient,  dC„, * .0122 

* Based on body frontal area 

AIRPLAY AND KI3SILE CHAIACTBUSTICS 
BY_ B*B P 
CKO E-5.UP- 
DATE J-A+.fT 

TABLE 

1 
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Using these values in conjunction with compressibility corrections 
obtained from Reference 4, the classical performance «as calculated for 
three configurations: 

1. Airplane (no missiles) 

2. Airplane plus two missiles (internal stowage) 

3. Airplane plus two missiles (exte<--nal stowage) 

The results of these calculations are shown in Figure 7. 

£xamlnution of Figure 7 leads to the following conclusions: 

1. Internally stowed missiles yield a reasonably small reduction in 
mother airplane performance. 

2. Externally stowed missiles produce considerable reductions in 
mother airplane performance, aB indicated by Figure 7. 

A comparison of the effects of internally and externally stowed missllej 
on the performance of the airplane 1B given in Table 2. 

In conclusion, it should be noted that the values are probably conser- 
vative because no account of interference drag between airplane and the ex- 
ternal missiles was taken. IDxperionce with underslung bombs and droppable 
fuel tanks shows that this effect may increase the resultant drag appreci- 
ably. 

. 
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1. ^V max at S.L. - mph 

2. ,_V max at 30,000 It - mph 

3. tJt max at S.L. Ft per tiin 
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In the interim period covered by this report the structures group eonoenfc 
rated Its efforts on combining all previous meehanieal design efforts and the 
design requirements of the other groups Into the meehanieal design of two 
hypothetical missiles. One a 350 pound missile (booster weight not included) 
•ith a sustalner motor and a detachable booater and the other a 290 pound mis- 
sile («eight after boost ) without a sustalner motor and with a booster whloh 
Is retained after the boost period. This work waa done for the purpose of 
illustrating tbe feasablllty of physically incorporating the various compon- 
ents into this type of missiles and to bring to light the various problems 
of a minor nature which may otherwise be overlooked. The results of this work 
appear In the 100300 Phase I, Final Report (6). 
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3BCTI0W V 

PROPDLSIOW 

During the period covered by this report the propulsion group sorked 
directly with the tactical analysis group on the missile evaluation problem. 
This work consisted of the comparison of «eights and ranges of missiles 
having various thrust schedules and motor combinations, the results of this 
»ork appear in the MX800 Phase I, Final Report (6). 
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SECTION VI 

INTELLIGENCE 

A.  RADIO EQUIPMENT FOR THE TWO BEAM COMMAND NAVIGATION SYSTEM: 

The two beam command navigation syatem diacuaoed here la for the purpoaa 
of guiding a auperaonle pllotlaaa aircraft toward oollialon «tth a high 
performance airborne target. The guidance equipment daaerlbed operatea in 
conjunction «1th a target acquistion system and a abort range target aoeker 
to guide a mlaaile of either eruolform or monowing configuration along some 
aeleeted trajeotory. The operation of the ayetem aa part of the eloaed cycle 
mlaaile control system and the aeleetion of trajeetorlea and computation of 
the command signals is discussed elsewhere (7). The ejratem to be daaerlbed 
hare may be used with a number of different trajectory choleea and provides 
data transmission channels for a number of differing msthoda of computing the 
command signals. 

Missiles of the eruolform configuration are equipped with two aete of 
movable wings or flna which may be turned to give the ml salla aeeelerationa 
along two mutually perpendicular axea fixed in the mlaaile. Monowing misallei 
achieve the desired turns by rolling about the longitudinal axis and turning 
wings or fins to give an acceleration perpendicular to the longitudinal axla. 
In either ease, two sets of oontrol eignala are required in the command 
system. It is also possible that in the ease of a mlaaile powered by a 
auatalner motor it may prove to be desirable to control the acceleration aloni 
the longitudinal axla. This would require a third control channel. Aa 
development proceeds, a need for additional control, auch aa adjusting the 
sensitivity of a eontrol amplifier as a function of range may bo discovered 
or one or more of the existing needs may be eliminated. Preliminary work has 
been done on the baals of four proportional channels, or aight on-off channel! 
In the deaign of the transmission circuit. 

A factor which limits the number of channels which may be carried on one 
transmission system is the maximum permissible time delay in transmission of 
a command. Since the command transmission link is a part of a eloaed cycle 
eontrol syatem, the time delay must be held to a minimum. If, for example in 
the puleed command system, we uee 1,000 pulses per second, and a train of 10 
pulses is required for a complete set of command signals, then the complete 
set is cent 100 times per second, and the maximum delay between insertion of 
the command in the tranaml tter and ita reception at the receiver le 1/100 of 
a aecond plua the time of transmission through the circuits and apace between 
the receiver and transmitter (50 microseconds at 10 miles). If two sets of 
pulsee bearing the same command are required for aecurlty, the overall trans- 
mission time la a little more than 1/50 aecond under the given aaaumptiona. 
If the number of channels is increased, increasing the number of pulses per 
set, then the overall transmission time is also inereaaed. 
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Flgvre 8 is a block diagram of the major elements of the two beam 
command navigation system. In this system, the target Is observed continu- 
ously by a tracking type of radar set mounted In the launohlng aircraft, the 
missile is observed continuously by another tracking set, and the command 
signals required to make the missile follow a given trajectory are computed 
at the launching airoraft and transmitted by radio to the missile. In 
practloe, each of the blocks shown is fairly complex because of the compli- 
cated operations carried out, and because of the three primary coordinate 
systems used. Since the mlaelle and the launching aircraft are both moving 
with respect to a fixed frame of reference, and the air through which the 
flight is carried out is a fixed or rather slowly moving medium, we need 
coordinate systems fixed in the missile, the launching airoraft, and the air 
(or space). The coordinate systems listed are all free to rotate with re sped) 
to each other, and we must therefore oarry out transformation from one to 
another in order to relate the data observed in the aircraft coordinate to a 
command signal which should be given in missile coordinates. This problem Is 
discussed from the standpoint of the computer in another report (7), but it 
also touehss on the design of the command radio equipment, sinee it shows 
that one or more channels for information from ths missile to the launching 
aircraft may be required. Following the terminology of a captured German 
report on the subject (8), we may have the command signals referred to any 
one of the three sets of coordinates and evaluated either at the launching 
aircraft or at the missile. Figure 9 ehowe block diagrams for the following 
cases: 0a, missile referred missile evaluation; 9b, missile referred air- 
craft evaluation with the assumption that the missile is roll position stabil-) 
laed and flies along its longitudinal axis; 9a, missile referred aircraft 
evaluation with roll position transmitted from missile to aircraft and with 
the assumption that ths missile flies along its axis; 9d, missile referred 
aircraft evaluation with the missile roll position stabilized and with the 
missile attitude transmitted to the launching aircraft. The last system list^j 
ed will require two data channels from the missile to the launching aircraft 
to provide coordinate transformation data. 

As we may see from Figure 7, a command which le sent to the missile 
influences the direction of night of the missile and thus its space position 
at any instant. The change in space position is observed by the missile 
tracking radar sst, and the position data fed Into the computer is one of the 
things used in computing further commands to the missile. This means that 
ths missile control system contains a feedback path. The operation of the 
entire system is thus that of a cloeed cycle control syBtsm or servomecnanism. 
The existence of the feedback Imposes certain conditions on the operation of 
some of the components used. Thess are discussed in a report on the overall 
eontrol problem. It must be remembered, however that changes in any of the 
parta of the closed loop may have an adverse effect on the stability or 
accuracy of the loop. 

The equipment for a typical two beam command system includes a target 
tracking radar set, a missile tracking radar set, a command computer and 
auxllliary equipment installed in the launching aircraft; and a command 
receiver, demodulator, beacon, and auxllliary data transmitter installed in 
each missile to be controlled. 
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Tlw target tracking radar «et may bBOBsof the typ« no« normally uaad for 
gunfire control fron aircraft.   It mat track vary accurately in angle at low 
angular rate*.   Range aocuraey «hould aleo be good, but it la of aecondary 
Importance to angular accuracy.   The antenna ayetarn la probably of tha noving 
axis type, uelng either a conical aean or tha never monopulae technique for 
accurate direction finding.   The eervoe which drive the antenna may contain 
extra smoothing elreulte to Improve the accuracy in alow tracking ratea at thaj 
expenee of rapid angular tracking.   The radar antenna may alao have data 
reaolvera directly attached to tranaform the radar tracking data from the 
eoordinatee of the launching aircraft to the ooordinatea of the mieaile or of 
free apace, depending on the type of computation which may be employed. 

Tracking of tha mieaile with a almple radar aet may be poaalble to tha 
deelred rangee, but the dependability of the ayatem can probably be Improved 
eonelderably by the uee of a radar eat whioh traoka a beacon in tha missile. 
The mieaile tracking radar may then be a fire control radar aet similar to 
that uaed to track tha target, except that the mlaeile radar receiver may be 
tuned to a beacon frequency different from the frequency of lta own transmitt 
er, and tha antenna ayatem may be modified allghtly In view of the higher 
received power available from the beacon and the poaalble desire to stabilise 
the polarisation of the tranamltted energy from the micelle tracker.   Tha 
stabilisation requirement will arlae only if it la not poaalble to aupply 
•uffleient power to the mlaalle to trigger the beacon from all parts of tha 
conical eean.    In eaae the monopMsra type of tracker becomes available in time 
for uee, tha stabilisation will have been accomplished.    It will probably 
prove economical to uee the mlaalle tracker transmission to carry commands to 
the mlaalle and the reeponee of the mieaile. beacon to bring necessary guidance 
data back from tha mlaeile to the command computer. 

It le poaalble to describe,   the separate components of the complete 
ayatem quite fully in terms of praeent techniques.   A complete dieeuaelon of 
tha equipment for data transmission from aircraft to mlaalle and from mieaile 
to aircraft, using the pulaed transmissions of the missile tracker and beacon 
and the receivers of the missile and the tracking radar may be found in refer- 
enee (9). 

B.      SHORT RaHM! SEEKER: 

1, Introduction.    In an earlier report (10) the fundamental aepecta 
of tha aeeker problem were developed and a general procedure for selecting 
the optimum aeeker type waa outlined.    In the interim period covered by this 
report, a detailed atudy of the trajectory problem was conducted, tentative 
performance specification for a aeeker were presented and the development of 
a novel fixed-axle relative-amplitude aaeker waa proposed. 

2. Relation to Navigation System.    From a atudy of tha errors encount- 
ered In the two beam command ayatem (17) it ie quite clear that barring a 
substantial (about 5:1) increase in radar set accuracy, a relaxation of the 
present 30 foot miss distance requirement, or a restriction of launching air- 
craft to detonation point range to 10,000 feet or lees, a seeker of some sort 
will definitely be required in the MX-800 Mlaalle.    The 5:1 Improvement in 
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radar Mt aoeuraey is a possible but not a probable oute one of refinement of 
the monopulse tracking technique.    The 30 foot als« distance now apeolfled 
can be ahown to be very nearly optimum for a non-atomlo warhead.    If the ale* 
dletanoe le Increased by eon* factor K>1, the preeent 90 lb warhead weight 
must be multiplied by a factor roughly equal to K3 In order to maintain the 
aama kill probability.    Tactical analyala for MX-800 have ahown that the ma Jod 
portions of the lethal »one must be at distances greater than 20,000 feet free) 
the launching point for effective missile dasign.    The launohlng aircraft 
travels at leas than half the mlsalle speed and the launching aircraft 
detonation point range will therefore, exeeed 10,000 feet for detonations 
more than about 20,000 feet from the launching point.    There appears to be 
little likelihood that use of a seeker In HX-600 can be avoided. 

3.      Trajectories.    In making a detailed study of seeker design features 
(17), including weight and space requlremente, it was necessary to establish 
tentative epeclflcations eovsring the required seeker performance.    An 
analysis of the seeker trajectory problem and relative considerations was 
mads and the approximate translation»! behavior characteristics which the 
MX-800 must have during the seeking phase are tabulated below: 

a. Seeking Initiation Program.    Seeking should be Initiated at a 
constant mlaslls-target distance for all approach angles.    This procedure Is 
nearly optimum from a trajectory view point and is simplsst from an equipment 
point of view. 

b. Seeking Initiation Range.    The optimum missile-target range 
for Initiation of seeking varlee with the navigation and seeking systems 
detaila and appears to be between J»000 to 2000 feet for the conditions assumed] 
The optimum range is the range at which the seeker's ability to recognise 
trajectory errors flret becomes equal to that of the navigation system, 

c. Missile Course.    The trajectory analysis indicates that an 
approximated zero rate of change of bearing angle couree far - 0 is bsst. 
The ability of MX-800 to make a kill is severely limited during the seeking 
phase by the poor resolution of any practicable seeker and by the large mini- 
mum turning radlua of the missile.    Full control must be applied quickly 
whenever the trajeotory error becomes great enough to be observed by the 
seeker If the missile is to be effective. 

d. Seeker Angular Resolution.    The trajectory analysis indicates 
that,  for the assumptions stated, an angular resolution width of between 
1/2 deg and 1 deg will provide sufficient seeking accuracy. 

e. Smoothing Time.    For the conditions assumed in the trajectory 
studies the optimum data smoothing time  for the eontrol of translations 
motion in the seeking phase is about 0.5seeond.    Because of servo and eontrol 
system limitations, discussed in a parallel report on the MX-800 oontrol 
system,  it may be advisable to make the seeker smoothing time as short as 
practicable and effeet the necessary smoothing in the missile control system. 
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f.     Response Time.    The trajectory analysis Indicate that the 
translatlenal reeponse time of the mleelle to guidance data during the seek- 
ing phaee should be of the order of 0.1 second or less.    Control system and 
angular stability considerations may require that the reeponse time of the 
seeker ltsslf be considerably shorter that 0.1 second. 

4,      Seeker Clrouit Considerations:    In considering the specific seeker 
design it was neeeesary to choose between various possible methods which 
offer nearly equal advantages.    In order that the moat promising systsms may 
be ohoeen for future study the varloua possibilities were investigated (17) 
and soms of ths results are presented here. 

On the basis of an advantage In the relative slses and weights of the 
•* pulse radar seeker and the unavailability of the necessary components for the 
< CW radar seeker, it was decided that further investigation of specific seeker 

deslgps will be devoted principally to pulsed seekers.     This does not dis- 
continue all considerations of CW radar seekers for many of the basis princi- 
pals of pulsed radar seekers apply with slight modifications of technique to 
CW eeekere as well. 

At the present time it is not clear whether It will be more desirable to 
lllsmlrata the target by a radar tranamitter carried In the missile or by 
energy from the parent plan«.    The principal faults in the parent plane illum- 
inated system are that the varying illumination of the target resulting from 
eonleal scanning of the transmitter antenna bean of the launching aircraft 
will be difficult to cope with and that difficulty nay be encountered at the 
seeker discriminating between the energy arriving directly from the launching 
aircraft and that reflected from the target, especially at close range when 
the times of arrival nearly coincide.    These difficulties are not insurmount- 

Jable and the parent plane illumination system may prove to be advantageous by 
reason of weight and space savings in the missile. 

The choice between fixed and movable axis antenna systems for the seeker 
involves comparison of the relative slses and weights and ths relative 
accuracies of the two Systeme.    A movable axis antenna seeker is probably 
somewhat larger and heavier, but fixed axis seekers compose a relatively new 
field whose potentialities are not yet fully known.    In general, the fixed 
axis seeker is probably loss aecurata than a movable sxls seeker employing 
relativ«   amplitude null-seeking for bearing determination. 

In addition to the problems Just discussed,  there arise questions as to 
ths manner of obtaining bearing data from the elgnals received at the antenna 
especially in the case of the fixed axis antenna seeker, the form which the 
seeker output elgnals should take, the coordinate system in which the output 
data should bo presented,  etc. 

As prsviously indicated, a final decision as to ths type of seeker to. 
be employed in MX-800 must wait further information and investigation.    How- 
ever, more detailed discussion of son» of ths various possibilities,  includ- 
ing block diagrams of representative circuits are given in reference  (17). 
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The receiver shown bjr the «olid lines of the block diagram of Figure 10 
represents a tjrpleal receiver for the simplest form of pulsed seeker employ- 
ing either target illumination by ths missile or by the launching aircraft. 
It eonaists of a scanned antenna, which may be of either the fixed or movable 
axis type, and a conventional superheterodyne receiver for the reception of 
pulsed signals. Automatic frequency control of the local oscillator Is 
employed and automatic gain control la applied to the six stage intermediate 
frequency amplifier. One or two stages of video frequency amplification 
supply vldso signals to the data reduction eyetem. 

A blocked oscillator and a cathode follower are provided to supply short 
duration blanking signals to the intermediate frequency amplifier. The 
blocked oscillator receives triggering voltage from the transmitter master 

a    oscillator in the ease of missile illumination of the target or from the 
*    command receiver In the ease of launching aircraft illumination of the target, 

The required eeneitlvlty and general excellence of the automatic gain 
control circuits le to eome extent a function for the data reduction method 
employed. A number of systems for seeker data reduction have been etudled 
and a complete discussion of these systems may be found In reference (17). 
Figures 11 and 12 are block diagrams typical of these Systeme. Figure 11 is 
a bloek diagram of a seeker data reduction system, which le particularly 
suited for use with a movable axis antenna eyetem and Figure IS le a block 
diagram of a seeker which might be employed with a fixed axle antenna. 

5.  Heat Seekers. Use of a heat rather than a radio seeker of fere a 
number of advantages, particularly for short ranges where atmosphere attenu- 
ation doee not limit performance aeriouely. Perhaps the most important 
advantage in the case of MX-800 le that the wave-length of the radiation 
Involved le shorter with the result that the seeker antenna or reflection 
directivity Is limited by the ratio of antenna dimension to detector dimen- 
sion rathor than by ths ratio of antenna dimension to wave-length. 

Disadvantages of the infra-red or heat seeker are that the present non- 
existence of suitable sources preclude the uee of a reflection type seeking 
eyetem, and make the seeker dependent upon radiation originating at the 
target. Since there are many other possible sources of heat radiation, 
notable the sun, Inability to sslect and track the desired target may detract 
aeriouely from the reliability of the heat seeker. 

Data reduction or evaluation circuits for the heat aeeker approximate 
closely those required for the corresponding radio seeker. The basic class- 
ifications of seeker Systeme, as described elsewhere, hold equally for the 
heat and radio seeker. Given a sufficiently small detector of adequate 
sensitivity, the antenna or reflector problem is simpler for the heat aeeker 
than for the radio seeker. Elaboration of the above general comments muet 
await a detailed etudy of the heat seeker. 
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6.  Seeker Anf nnas. As a result of the trajectory atudiea which have 
been made, a tentative angular resolution requirement of 1/2 to 1 deg have 
been eetablllahed for the seeker. Under favorable conditions this angular 
accuracy requirement can be met «1th a flexible axis seeker of conventional 
design Incorporating a paraboloids! antenna of 6 inch diameter. It is bellev-| 
ed that this requirement can also be met «1th the lees conventional seeker 
deeigne proposed in this report and in the references. The flexible axle 
seeker may be more subject to angular errors caused by the presence of a di- 
electric noee cap, which according to current aerodynamio data must be in the 
form of a cone with half angle of 12.5 degrees or loss. 

Except for the preliminary survsys of the seeker antenna problem report- 
ed on In references Q.O)and(LlX antenne developement for MX-800 haa awaited 
specification of seeker accuracy requirements and classification of missile 
dimensions and noss shape. An active antenna research program ia now being 
initiated on the basis of available information. 

C. EQUIPMENT FOR THE TWO-BEAM COMMAND QUIDANCE SYSTEM: 

The overall plan for guidance of the MX-800 missile envisions the uee of 
radar for target detection and tracking before launching. Pre-launchlng 
maneuvere will be directed by a computer so that the missile may be launched 
in the most favorable direction and at the optimum range from the target. 
After, launching, control of the missile will be by a two-beam command radar 
system, in which one radar beam tracks the target end another the missile, 
and the control signals directing the missile are determined in the launching 
aircraft through the operation of a command computer. The coranands will be 
sent to the missile through the missile tracking beam, and a beacon located 
In the missile will respond to the tracker and transmit missile data to the 
tracker for computing purposes. At the end of the trajectory, control will 
be transferred to a target seeker, probably of the radar type, which will 
make last minute corrections In the flight path of the missile, and as the 
missile approaches the target, it will be detonated by a radio type of fuse. 

The radar sets and computers which must be mounted in the launching air- 
craft and the missile in order to accomplish the above functions havs been 
etudled and are described and discussed in references (16) and (19). 

D. SPECIAL TEST EQUIPMENT AND OPERATOR TRAINING EQUIPMENT; 

While it ia still to early in the development of the MX-800 to design 
the test and training equipment In detail, a preliminary atudy of the situa- 
tion was conducted in order to help in estimating the magnitude of the needs 
and in the laying out of a program of development to go along with the missile 
development. The results of this study may be found in reference (18). 
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A.  ROLL CONTROL AND STABILIZATION; 

In preceding reports and discussions one important basic assumption 
ma made that the missile is roll stabilized or roll controlled. Roll as 
here interpreted means purs roll of the missile about its longitudinal 
axis in contradistinction to an apparent roll which might result from a 
maneuver, lioll stabilization thus Infers thtit, ideally, in the case of a 
cruciform missile that the axis of one pair of control surfaces remains at 
all times horizontal. Roll control as applied to the monowing type missile 
Implies that the missile rotates about its longitudinal axis in such a man- 
ner as to maintain the nain wing in the correct plane of orientation to give 
the desired trajectory. 

In a spinning cruciform missile the missile is caused to spin about 
its longitudinal axis and e.-ch of the four control surfaces chants from 
rudder-action to elevator-action every quarter of a revolution. A vertical 
reference is necessary to transform guidance control signals to wing angle 
signals as the missile rolls. The amount of instrumentation necessary in 
a spinning missile is not essentially reduced in uiaount from that necessary 
in a roll stabilized type and the method of intelligence data transmission 
is more complex in nature. Because of the changing of uction of euch wing, 
there is a high power loss in the main wing control servo for a highly i.-.an- 
euverable missile. For oxample, a control surf nee m>iy be required to change 
from one extreme posi-ion to the other extreme position in a time represent 
lng one-quarter of the period of rotation of the missile. Thus, in general, 
the control surface would oscillate back and forth and absorb relatively 
large amounts of power which would not directly contribute to the maneuver 
of the missile. 

In a cruciform type missile utilizing the two-beus conrrrnd system of 
guidance, roll stabilization is not absolutely necessary but it is highly 
desirable since it prevents the "flip-flop* of the wings described above, 
and it mates the data transmission and interpretation Systran simpler. The 
former is true since one particular control surface acts either as a rudder 
or an elevator and retains its single action at all times. The latter is 
true since guidance data sent to a control surface, to effect a maneuver of 
the missile, if computed on the basis that the control surfnee concerned has] 
a definite normal orientation at all times, r.-quires less modification than 
if these data must be modified to ta'te into -iccount notion of * he control 
surface as the nlssile rolls. 

The use of a target seeder doßs not require a vertical reference, but 
lack of stabilization imposes serious conditions on the soever.  !Unc« a 
target seeker will not be used aioro but only in cor function with a two-bearj 
command phase, it will be nucessary to have a vertical refers:,ce in the 
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missile. 

In the stabilized missile a gyroscope or similar device is used to es- 
tablish a reference vertical. The roll stabilization system has the func- 
tions of detecting deviations of the vertical axis of the nissile from this 
reference vertical and correcting these deviations in such a manner as to 
restore the missile to normal attitude in roll in the shortest practicable 
time. The roll stabilization system also has the important function of es- 
tablishing the vertical reference as quickly as possible after the missile 
is launched from the parent plane so that lateral and vertioal maneuvers 
can begin early in the flight. 

For one missile under consideration there will be a 2 second boost from! 
a speed of 500 ft per sec to a speed of 2600 ft per sec and for the remain- 
der of the trajectory it will coast. It seems, In view of uncertainties in 
the prediction of wing loads in the subsonic and transonic regions of miss- 
ile speed, that roll control might be ineffective or unsatisfactory prior 
to the time that the missile reaches a speed corresponding to a Mach number 
of one. In this case, roll stabilization would have to be established in 
the time between missile velocities of 1100 ft per sec and 2700 ft per sec. 
Assuming that a linear variation of speed exists during boost, the time to 
establish roll control would be 1.45 seconds,  nils appears entirely feasi- 
ble and will allow lateral control at the Instant the boost is ended. 

Some of the problems in obtaining good roll stabilization are: 

1. The natural presence of winR ir.isaligmant torques which vary with 
speed and altitude. The presonce of such torques indicates the desirability] 
of a torque compensated roll control which will develop a steady control 
torque without requiring an error in stabilization. It is proposed to in- 
clude an amplifier stage sensitive to the integral of Its imput as well as 
to its input to accomplish this. 

2. The possible appearance of oscillating torques caused by simulta- 
neous slip of the missile in yaw and pitch planes. These oscillating tor- 
ques will be worse if the pitch and yaw controls are poorly damned. It is 
therefore advisable to make the roll control system have a high resonant 
frequency (7) and a lead network is recommended for inclusion in the roll 
control to aid in accomplishing this, as well as to improve the degree of 
stability of roll control. 

3. The aerodynamic coefficients change With speed and altitude and 
alter the dynamics of the missile. In Figure IS are sketched several 
transfer loci of a roll control system showing the change in its performance 
as a function of speed and altitude. The worst cases between 15,000 ft and 
50,000 ft are shown. 

4. If a free vertical gyro is used, the roll control system sensiti- 
vity must be compensated as a secant function of the angle of climb or dive 
and becomes ineffective when those mneuvers are vertical. Since this is 
a possibility according to the tactical analysis It is recommended that an 
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Integrating rate gyroscope be used for the basic reference. 

5.  There Is Inadequate viscous damping from roll rAte torques to 
provide good stability of the roll control without servo compensating net- 
works. 

A detailed mathematical development of one roll control system is de- 
er lbed in Reference (7) 

B.  COMPARISON OF M0N0WIKO ACT CRUCIFORM CONFIGURATIONS: 

Host of the studies made as a part of the MX-800 project have been 
based on a cruciform configuration of the airfraise. Several months before 
the end of the study phase of the contract the mechanical design group and 
the aerodynamlciats proposed that a raonowing configuration might have an 
advantage as carried by a parent plane. The possibility of using the raonov^j- 
ing configuration was then referred to the guidance and control groups. 

The majority of the work on the nonowing configuration thus far has 
been a library research to study the efforts ntde by the Germans In this 
direction. Two technical papers were found (References (8) and( 12 ) 
which proposed to compare the monov/ing with the cruciform fron the point 
of view of control. In introductory comparison of the aerodynamic prop- 
erties of the two configurations References(13) and(14) do not exactly 
agree. 

Per Unit 
Ref 8 

Weight 
Ref12 

Per Unit 
Ref 8 

Drag 
Ref 12 IDC-800 

Uonowing 0.8 0.9 0.87 0.6S 0.85 

Cruciform 1.0 1.0 1.0 1.0 1.0 

But both Indicate a trend which has been checked by aerodynamicists for 
the UX-800 project (calculations based on a 350 lb 9 inch diameter missile) 

The control signals for a roll stabilized cruciform missile are quite 
simple to conceive since one can reason without considering a guidance in- 
teraction between pitch and yaw axes as a first order effect. In the case 
of a monowing configuration the situation is somewhat more difficult. 
Obviously, the aircraft must be rolled so that the main winß axis will be 
at right angles to the required lift. Considering Incremental quantities, 
and an initially correct miBsile flight, an error vector can be thought of 
in terms of components along the main wing axis and perpendicular to It 
and to the longitudinal axis. Alternately the error vector can be assign- 
ed a magnitude and an angle with respect to a line perpendicular to the 
plane of the rain wing axis and the longitudinal axis. The former would 
be called rectilinear nisaile evaluation and the latter polar coordinate 
missile evaluation. In the latter case the roll control may act to keep 
the angle aero, but then there is an indefinite control when the error 
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integrating rate gyroscope be used for the basic reference. 

5.  There is inadequate viscous damping fron roll rftte torques to 
provide good stability of the roll control without servo compensating net- 
works. 

A detailed mathematical development of one roll control ays ten. is de- 
er lbsd in Reference (7) 

B.  COMPARISON 07 M0N0WINO AKD CRUCIFORM CO.NTIGURATIONS: 

Moat of the studies ciade as a part of the 1EC-800 project have been 
based on a cruciform configuration of the alrfrarae. Several months before 
the end of the study phase of the contract the mechanical design group and 
the aerodynamiclsts proposed that a monowlng configuration might have an 
advantage as carried by a parent plane. The possibility of using the monow|{- 
ing configuration was then referred to the guidance and control groups. 

The majority of the work on the monowing configuration thus far has 
been a library research to study the efforts atde by the Germans in this 
direction. Two technical papers were found (References (8) and ( 12 ) 
which proposed to compare the monoiving with the cruciform fron the point 
of view of control. In introductory comp'O-lson of the aerodynamic prop- 
erties of the two configurations References(13) and(14) do not exactly 
agree. 

Per Unit Drag  
Ref 6   Ref 12 

Monowlng 

Cruciform 

Per Unit Weight 
Ref 6 Ref Ig 

0.8 0.9 

1.0 1.0 

0.87 

1.0 

0.65 

1.0 

MX-800 

0.85 

1.0 

But Both Indicate a trend which has been checked by aerodynamiclsts for 
the MX-800 project (calculations based on a 350 lb 9 inch diameter missile) 

The control signals for a roll stabilized mmc.ifrym ninnila are quite 
simple to conceive since one can reason without considering a guidance in- 
teraction between pitch and yaw axes as a first order effect. In the case 
of a monowlng configuration the situation is somewhat more difficult. 
Obviously, the aircraft must be rolled so that the main wing axis will be 
at right angles to the required lift. Considering incremental quantities, 
and an initially correct missile flight, an error vector can be thought of 
in terms of components along the main wing axis and perpendicular to it 
and to the longitudinal axis. Alternately the error vector can be assign- 
ed a magnitude and an angle with respect to a line perpendicular to the 
plane of the rain wing axis and the longitudinal axis. The former would 
be called rectilinear missile evaluation and the latter polar coordinate 
missile evaluation. In the latter case the roll control may act to keep 
the angle aero, but then there is an indefinite control when the error 
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vector approaches zero« In the former ease the roll control acts to roll 
the missile at a rate proportional to the error vector along the main «lug 
and in a direction which reverses when the error vector la perpendicular 
to the wing axis oan toe considered as going from above the wing to below 
the wing. In this way there is no necessity of indefinite control, partic- 
ularly if rate gyro feedback be included in the roll control. 

The use of a monowlng configuration for a highly maneuverable missile 
has been questioned on the basis of the rapidity with which it can act to 
correct deviations from the desired trajectory. This question Is based on 
the procedure of the monowlng of rolling before acquiring lift In the prop- 
er direction whereas In a cruciform the lift is obtained directly by setting 
the perpendicular wings at appropriate angles of attaek. A detailed analysis 
has not been made of this as a part of the MX-800 project because of lack of 
time, and because also it can be done more easily with an analyzer than by 
mathematics because of the complication Introduced by the guidance Inter- 
action among axes in the monowlng case. 

In Reference (14) a comparison was made In the calculated performance 
of a beam guiding system of a low speed (200 m per sec) F25 missile and an 
equivalent cruciform. 

It was concluded that there exists no essential difference between 
control half periods with rudder and aileron control of the monowlng. How- 
ever, the cruciform missile was characterized by a faster response having 
a half period 40 per cent less than that of the monowlng. This would seem 
to favor the cruciform from the point of view of speed of response. 

In concluding this discussion of the monowlng two factors should be 
pointed out: 

1. That euided missiles of the glide bomb type such as the "Bat" have 
been built with monowlng configurations and successfully flown (Referenoe 
(15). 

2. That supersonic flight should offer the possibility of improving 
tremendously the speed of response In roll, but that the success of monowlng 
control depends on good precision in roll control which has not yet been de- 
monstrated for this class of missile. 

C.  CONTROL SYSTEM FOR TWO-BEAM COMMAND GUIDANCE I 

It has been recommended, as a result of guidance studies, that at least 
the initial stages of flight of an air-to-air supersonic missile should be 
commanded from the parent plant by a two-beam command system. In this type 
of flight there are two control loops which merit investigation. The first 
of these considers target motion as an independent variable and missile 
motion as the controlled variable. The controlled variable is adjusted so 
that there is no rotation In space of the line joining the missile and the 
target. The second control loop is a subsidiary to the first and deals with 
the ability of the missile to carry out the commands received by it and pro- 
duce a stable flight. As a part of this second problem it is recommended 
that a roll stabilized cruciform missile be developed. 
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The mathematical requirements of the command computer to be carried in 
the parent plane is discussed in Reference (7) . The inter-connection of 
the components of a proposed control system for the missile is shown in 
Figure 14 . Control signals are received fron the command receiver and 
after demodulation are sent to the pitch and yaw channels. Wing motion 
control of a cruciform airframe has been assumed with differential control 
of the motion wings for roll stabilization. Here, the roll control is shown] 
as operating differentially on the snme wings which receive the command yaw 
signals. Absolute motion transducers are used in the pitch and yaw controls] 
systems in order to improve stability of the nissile flieh';. The' analysis 
of the two-beam command system implies that the desired feedback at absolute] 
motion can be accomplished by the use of two linear acceleroneters placed 
on either side of the center of gravity. This need for improved stability 
stems from tho little, or no, inherent stability of a highly maneuverabile 
air-to-air missile. 

A theoretical analysis has been made of the system described in Figure 
14 and some supporting data obtained fron an electronic control unalyzer. 
From these studies some estimate can be made of the dynamic requirements 
of components of the control system, and also of an optimum position for 
the location of the main wings of the aircraft. These estimates are, of 
course, dependent upon the estimated aerodynamic coefficient for the air- 
frame. In Table S are given the equations of motion of the aircraft in 
the traverse plane, the equation used for motion of the aircraft about its 
roll axis, and the values of the coefficients used for the present studies. 
These numerical values are purely estimates made for tho purpose of allow- 
ing a demonstration of the analytical technique which would be used to sys- 
thesize a control system were these the known coefficients. 

In Table  4 are itemized the estimated requlrecunts of the dynamic 
properties of system components. As the actual equipnont is designed and 
developed more complete analyses will he performed continuously which will 
alter the above recommendations in a manner particularly suited to tho air- 
craft . 

The control system that is recommended is not of tho discontinuous 
(bang-bang) type. The elements ara expected to act in a linoer manner up 
to saturation. Justification for this is less positive in the case where 
no seeker is anticipated than in the case where a seeker will be used. This 
is so beeause of the direct effect of oscillations of the missiles longit- 
udinal axis on the performance of a seeker. If further developraunt indi- 
cates that the airfracie can be made to have a reasonable amount of inherent 
stability, and if no see'.car is required then it is possible that a more 
simple control system of tho discontinuous type could be devised. For this 
reason it is recommended that studies be continued on discontinuous type 
control systems for a two-bean: command guidance system. More dutu pertinent 
to discontinuous control will be obtained from a wind tunnel and flight 
tests on the performance of the airframe. 
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ROLL CONTROL 

Allowable time lag of «lug control« 

Lead network time oonstant (Attenuation ratio of 10) 

0.02 sac 

0.16 sec 

Integral network tine constant (Amplifier eharaotarlatlo 
K(a • jf   t€ dT) *\ m O.lfl aao 

Raaonant froquenoy of mlaslla in roll (30,000 ft alt 
2700 ft par aao) 6 cycles/seo 

Magnification of sinusoidal rar 1st ion of apparant vertical 
at resonance 2 

PITCH AND TAW CONTROL FOR TW-BBAM COMMAND OUIDAKCK 

Approximating wing controls, which uaa position feedback, by 
a simple quadratic raaonant system 

a. Undamped natural frequency of wing oontrol 50 r ad/sac 
b. Damping ratio of »ing controls 0.5 

Percentage longitudinal axla angular acceleration feedback        10 

Percentage longitudinal axis angular velocity feedback 0 

Percentage of wing load available for guidance 90 

PITCH AND TAW CONTROL F03 HOMING WITf SKEKXR GUIDANCE 

Approzloating wing controls,  which use position feedback,  by 
a slap la quadratic raaonant system 

a. Undamped natural frequency of Wing oontrol 90 rad/sec 
b. Damping ratio of wing control 0.5 

Characteristics of amplifier preceding command controls 
Amplifier oharaoterietle £.     K4S+ fXu   g dt 

Resonant f requanoy of Antenna aervoa 

KL- 18.6 
r,- 0.05 

12 rad/seo 

DTNAUIC CHARACTBISTIOS »OR CONTROL STSTEHS 
AMD COMPONENTS ESTIMATED AS SATISFACTORY FOR ONE 

SET OF ARODTKAMIC COEFFICIENTS    (TABLE 1 J-o) 

Rr   HTM 
C-KP H• 
nATrtouw 

TABLE 
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D. cowraoL SYSTEM FOR HOMING WITH SEEKER OOIDAHCE; 

Should a seeker be required to Improve the accuracy In the final stages 
of flight then the control system Bhould operate satisfactory either with a 
two-bean command system or with a seeker. It Is proposed that In a system 
using seeker guidance the controls regulate the angular Telocity of the 
line of sight to zero. A block diagram for the recommended control system 
is shown in Figure 15. It will be noted that the same essential elements 
are used in this system as for control from two-beam command guidance. The 
seeker shown schematically uses a movable dish antenna with a servo drive 
for automatic tracking. A tachometer is used to measure the angular rate of 
the antenna relutive to the alrframe. In some seeker systems under conside- 
ration this angular rate would be measured electronically and the seeker 
antenna would be fixed. In order to obtain the desired trajectory with seek» 
er guidance (space angular velocity of line of sight - 0 ) a signal indicat- 
ing the angular velocity of the longitudinal axis is fed back regeneratlvely 
and added to the tachometer to obtain the space angular velocity of the line 
of sipht. A theoretlcul analysis was made on this type of control system 
(7) and the following was concluded. 

1. The system is likely to be unstable with wings as far forward of 
the center of gravity as 0.8 feet. Calculations show absolute Instability 
for the case of an oncoming target. 

2. The system should be satisfactory with wings approximately at the 
center of gravity if downwash is negligible. The calculations for the case 
of an oncoming target also indicate satisfactory performance. 

3. The system can be made stable over a satisfactory range (missile 
to target) change. 

4. The system speed of response is limited primarily by the dynamics 
of the seeker. 

5. The same components used in the two-bcum command system can be 
used after a switching operation In the control system for seeker guidance. 
This is Indicated in Figure IS . 

6. The dynamics of the seeker must be matched to those of the air- 
frame by the appropriate parameters of a proportional plus integral amplifier 
preceding the command loop. 

E. EFFECTS OF AERODYNAMIC PAHAMETEBS ON DESIGN: 

The dynamics of a missile control system must match those of the gui- 
dance system with those of the aircraft to produce a satisfactory flight. 
Consequently where it is feasible the requirements of the control system 
should be taken into account in determining the dynamics of the alrframe. 
Where the dynamics of the alrframe are determined by other considerations 
a thorough knowledge of its behavior is a prerequisite of the intelligent 
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design of tin.- flight control system, oeveral phases of the aerodynamic be- 
havior of the missile have been investigated as a part of control studies. 

Certain characteristics of the airframe are chosen with only secondary 
consideration of the control system such as the maximum lift available 
(which has been taken from trajectory considerations) and the general size 
and snapL of the missile (which has been taken from overall project con- 
siderations). Other aspects of the air frame more directly affect the con- 
trols work such as« the arrangement of the control wings on the airframe and 
the location of tue main wings relative to the center of gravity. 

Trie location of tie main wings to be used for control is important in 
determining the dynamic response of the missile to control signals. This 
is illustrated in Fipures 16 and 17, for an altitude of 30,000 feet as the 
dynamic response of the longitudinal axis of the missile to sinusoidal 
changes in main wine position relative to longitudinal axis and also the 
response or the missile flipht patn angular velocity, due to sinusoidal 
changes main win«? angle relative to the longitudinal axis for five different 
wing locations (7). These calculations are based on the aerodynamic coef- 
ficients described in Table 3 and downwush has been neglected. At the pre- 
sent time it is not practical to make a recommendation for the best wing 
location, although it appears that the two most desirable locations are 0.4 
feet forward of the center of gravity and at the center of gravity. Actually 
most of the calculation» for control systems were based on the wing location 
0.8 feet forward of the center of gravity. Calculations were also made for 
15000 feet and 50000 feet altitude. 

The relative Importance of effects of the oscillating airfoil at super- 
sonic speeds was investigated as it affects the control theory of the air- 
frame (1.6). This study indicated that the equations of motion based on sta- 
tionary flow should be adequate in the frequency range important for auto- 
matic control of the missile. 
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SECTION Till 

TRATBCTORIBS 

A.  ERRORS IN TWO-BEAM COMMAND; 

An estimate of errors encountered In a two-beam command system was 
made. The method of guidance considered Is one based on the value of ß 
(- d/ß/dt) (see Figure IB a). /? Is,computed at the control station from the 
measured values of Rr» RM» «T. HU. PT» P*M» ano y  (»/Hi -PM)« The complete 
mathematical consideration Is given In Appendix A. 

From the considerations In Appendix A we have: 

a. From the figures given in Appendix A it appears that the 
worst errors are likely to be those due toßu and£ ip. It is true that as 
R gets smaller these errors increase approximately as R-l, whereas the er- 
ror due to y  increases as R-2, and so this last error may be the decisive 
one when the missile gets close to the target. But in a given example 
(Appendix A) this would not occur until R was less than a half second away 
from the target, and in this short time interval no appreciable guidance 
could be done anyway. 

b. The possible effect of an error in ß  can be very roughly 
estimated by considering a missile moving in a straight line so as to miss 
a stationary target by an amount h. (FigurelSb). We have 

i      -.*.. 

For/ä - ,04, R - 3500 ft, v - 2000ft per see, this gives h - 200 ft. As- 
suming that the errors here are comparable to the ones obtained in Appendix 
A this would be an upper bound to the miss that might be obtained. Actual- 
ly, the average miss would be much smaller than thljs, for the overall accu- 
racy of the missile will depend on the values of d/3 over a considerable 
period of time, and as these can be expected to vary in a more or less ran- 
dom manner the average accuracy will be much greater than the crude estimate 
above. The statistical problem Involved In estimating the accuracy has not 
yet been solved. 

o.  A suggestion has been made that the error in ß might be de- 
creased by installing in the missile a simple device to give an accurate 
measurement of K, and possibly R. That this is not the ease follows from 
ths fact that most of the error in P is due to errors lnP« and ß\ 
these quantities do not enter in the expressions for R or R. 

end 



.—/ML- -, 
I KELLOGG I w 

SPECIAL PROJECTS DEPARTMENT 

REPORT NO. 

PAGE 49 

^ TARGET 

/</ 

*y^      /*• 

/^     W\p 

^^           •"""'MiaSILE 

^S&r~^^*» 

CONTROL 

Figure 18a 

 _-,  TARGtT 

^J?_  K 

— " ^          . 
MISSILE                      V 

Figure 18b 

TWO-BEAM COMMAND GUIDANCE DIAGH.U1 
Bv_Jft&  _ 
CKD   E$.^- 
DATEJ_-rtrV-7 

FIGURE 

18 



SECTICK IX 

IAUKCIUMS 



SPECIAL PROJECTS DEPARTMENT 

REPORT No. 
«;pn 66 

PAGE. 50 

SECTION DC 

LAUNCHING 

A.  GENERAL: 

During the booat period (transonic range) present indication» show 
that there can be little or no guidance on the part of the missile opera- 
tor OTer the missile. It is necessary to assume, therefore, that only 
simplified control may be attained by automatic means (i.e. gyroscopes) 
causing the missile to traverse a predetermined course. Such a course 
might have to be set by the operator before the time of launching accord- 
ing to the conditions fixed by the particular launching. This requires 
provisions In the booster design to accomodate such adjustment. 

There is some indication that subsonic control of the missile can be 
attained by use of sufficiently large lifting surfaces to support the mis- 
sile from launching speed to the beginning of the transonic speed range, 
at which time these surfaces can be Jettisoned. If this Is possible, a 
configuration may be arrived at which allows maneuvering at subsonlo flight 
speeds, thus permitting launching to be restricted to one direction only 
with respect to the carrier aircraft. Guidance to the proper attacking 
position Is achieved during this period. Such a system might be composed 
of a missile and a three stage booster as follows: 

1.  A Jettlsonable subsonic propulsion unit with subsonic lifting and 
control surfaces. 

2. A Jettlsonable booster for operation in the transonic range so as 
to bring the missile up to supersonic speed. 

3. Missile with sustainer rocket (Internal). 

It is Important to note that the complexity of the foregoing arrange- 
ment may be reduced if it 1B possible to use the missile lifting surfaces 
(supersonic wings) during subsonic flight. The booster can be designed to 
exert a low propulsive effort during the time required to turn and then a 
high propulsive effort which is required to attain supersonic velocities. 
Another point to be considered is that the subsonic surfaces may be retained 
until the end of the total boost period, thus simplifying the mechanical 
design of the booster. This would give a missile configuration of a tandem 
monoplane. The practicality of this proposal depends on the effects of such 
an arrangement on the total drag during the boost period and also the effect! 
on static stability of the missile. 

The problem of launching may be clarified by subdividing it Into two 
general cases; launcnlng for offensive uses and launching for defensive 
uses. These two eases determine the missile arrangement required and also 
the provisions necessary in the carrier airplane to provide for launching. 
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The problem of defensive launching, although sot directly related to the 
EX BOO requirements, is considered here to show that this missile ean easi- 
ly be adapted to defensive use by bomber type aircraft. These considerations 
also apply to the offensive missile should it be necessary to fire it in 
other than the line of flight direction. 

B. OFFENSIVE USES: 

It is assumed that for offensive uses, the carrier airplane locates the 
target and Is able to maneuver so as to aim the missile approximately at the 
target, it is also assumed that the release attitude of the oarrler is such 
as to cause the missile and oarrler to separate. 

For external stowage, the present "zero length" launchers may be used 
on the condition that sufficient clearance between the missile and the wing 
of the carrier ean be maintained, if this is not possible, displacing gear 
may be necessary to allow sufficient ground clearance during take-off while 
allowing for mlssile-wlng clearance during launching. 

Tor internal stowage such displacing gear is also necessary since 
gravity release may not provide sufficient accuracy and control. 

The design of such mechanisms is feasible and have been used previous- 
ly, notably In release of bombs from dive bombers. 

For offensive usee, present launching methods and equipment may be 
used as Is or may be adapted to accomodete the MX 800 missile. This use, 
therefore, presents no serious problems and only Influences the missile 
design to the extent that clearances between missile and ground or missile 
and airplane must be provided for. 

C. DEFENSIVE LAUNCHING: 

In defensive launching, it is necessary to assume that the missile is 
carried in a long range, medium speed type of airplane (i.e. bomber at 
speeds equal to 300 mph, approximately). For this typs of use it is fur- 
ther assumed that the carrier airplane remains on a given course during 
launching and that the target plane may be at any azimuth position with 
respect to the carrier airplane. Several possible methods of launching are 
noted below: 

1.  The missile la aimed in the direction of the line of flight of 
the carrier and is guided along the correct flight path required to engage 
the target. 

a. The missile negotiates the turn at subsonic velocities (up 
to 700 mph). 

b. The miaelle negotiates the turn at transonic velocities 
(during the boost period). 
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2.  Tlw missile ia aimed opposite to the direction of the line of 
flight of tha carrier and la guided along the correct flight path required 
to engage the target. 

9.  The mlaaile la aimed directly at tha target (in azimuth)» regard- 
leas of approach angle. 

4.  The mlaaile ia aimed in aome optimum direction and then ita 
flight path la directed to engage the target. 

It ahould be noted that in all eases exoept (3), above, it is neces- 
sary for the missile to negotiate a turn of oomparitlvely snail radlua. 
For practical considerations, this should be done during the low speed por- 
tion of the flight. In order that these turns may be accomplished during 
this period it is necessary either to provide low apeed control surfaces, 
as described previously, or to provide some means for turning and stabiliz- 
ing such as vanes in the exhaust of the booster rockets. The latter Is un- 
der consideration in connection with a Navy research program. 

D.  SQHMABTt 

The effect of the offensive launching method ia not a controlling fac- 
tor in the dealgn of the MX 800. The effects of the a xhaust gases on the 
wing structure of the carrier have been found to be negligible by the U.S. 
AAF in teata oonducted recently using "Tiny Tim" rockets. These rockets 
have a starting thrust of about 30000 lb which la 100per cent greater than 
that contemplated for the MX 800 missile. The missile design for this type 
of use will, therefore, be limited by other considerations, auch aa range 
and thrust schedule desired. 

From sn examination of the various methods of defensive launching con- 
sidered the following conclusions can be drawn: 

method (l)-a. Toe missile is required to negotiate the initial turn 
toward the target at velocities below 700 mph. The time required to make 
the maximum turn of 180 degrees is approximately 6 seconds. 

Also it Is to be noted that the use of subsonic surfaces materially 
complicates the missile both aa to atowage and dealgn of the booster re- 
quired. For this type of arrangement, It may be possible to store the mis- 
siles externally under the carrier airplane'a wings, thus overcoming aome 
of the apace requirements incurred by Internal atowage. 

method (l)-b. If the problem of stability during subsonic flight and 
the problem of dynamic stability of the missile at launching can be solved, 
this method presents a better launching program, aince the initial maneuver- 
ing time can be materially reduced from 5 seoonds minimum for method (1) to 
approximately 0.1 second for method (l)-b. 

This method considerably simplifies the design of the booster arrange- 
ment, eliminating the subsonic wings and possibly the need for any fins on 
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the booster at all. The prlee for this simplification la the naad for 
rookat blast vans* and the necessary meohaniam for their control. It 
should be noted, at tbla point, that the loads on these vanes are high and 
that they oust be resisted «hen the vane material la at an elevated temp- 
erature. 

Method (8). This method Includes all the problems of methods (l)-a 
and -b In addition to the problem of accelerating the missile through sero 
velocity to its normal flight velocity. This method of launching, however, 
serves the purpose of Imposing the most severe conditions for the booster 
design; thus indicating the upper limit on the sise of the booster. Rough 
calculations show that a booster capable of exerting approximately £4000 lb 
of thrust for £ seconds Is maximum required when a £ seoond boost period Is 
used for a missile plus booster weighing 600 lb. 

Method (S). This method Imposes no new conditions on the design of 
the missile and booster but does Indicate the size and weight of the re- 
quired launching gear. Preliminary strength considerations indicate that 
a suitable launohlng mechanism should weight in the order of 800 lb. 

E.  CONCLUSIONS; 

From the discussion In (B), Offensive Uses, considerations of offensive 
launching are not the controlling faotor on the design of the missile, and 
will in general effect only the design of the missile supports and launehing 
gear. 

The largest number of problems relating to the design of the missile 
were encountered ln(C), Defensive Launohlng. 

The follwlng conclusions may be drawn from the discussion in (D), 
Summary: 

1. Method (l)-b or method (3) presents the most promising launching 
procedure for defensive uses. 

2. A booster exerting a maximum of £4000 lb for 2 seconds is the 
upper limit of the required booster size. 

3. In method (l)-b or method (3) the need for fins on the booster 
may be eliminated by use of vanes In the exhaust of ttie booster rocket. 

4. The structural weight of a launching mechanism need not exceed 
£00 lb. 
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SBCTIOH X 

WAHBBAD INSTALLAT10K3 

The design of the warhead has not been considered in any datall aa 
yet. Up to the preaent, a 90 pound warhead has been assumed. Warhead 
shapes were assumed In representing the IDC-800 pietorlally. Tale «aa 
dona simply to produce a reasonable picture and doaa not represent a war 
head of proper design. The warhead problem will not ha studied in da- 
tall until the missile design la further cryetalized. 

PREPARED BY: 

E. S. WEND0LK0WSKI 

THE M. W. KELLOGG COMPANY 
SPECIAL PROJECTS DEPARTMENT 
JERSEY CITY, NEW JERSEY 

APPROVED BY: 

D. B. ROSSHEIM 



[KELLOGG] 

SECTION XI 

BTBLIOQHAPHY 



SPECIAL PROJECTS DEPARTMENT 

REPORT NO. 

-SPD    66 

PAGE. 85 

SECTION XI 

BIBLIOGRAPHY 

(1) Stack, John.    Triangular and Sweptback Wing Data.    Material Presented 
at NACA Conference on Supersonic Aerodynamics at Ames Aeronautical 
Laboratory June 4, 1946. 

(2) The M.W. Kellogg Company.    Alr-to-Air Supersonic Pilotless Aircraft 
Progress Report No. 3. December 1, 1946.    Secret    (Report SPD-45) 

(3) The M.W. Kellogg Company.    Air-to-Air Supersonic Pilotless Aircraft 
Progress Report No. 2.    October 1,  1946.    Secret    (Report SPD-29) 

(4) Pavelka, J.    Increment of Drag Coefficient for High Mach Numbers For 
The High Speed Photographic Airplane.    December 1, 1943-    Repbulic Avia- 
tion Corp.    Aerodynamics Report AR-66. 

(5) Bureau of Aeronautics, Navy Department:    P.P. Memo Ho. 8.    Survey of 
German Oas Turbines and J.P. Engines. 

(6) The M.W. Kellogg Company.    Air-to-Air Supersonic Pilotless Aircraft 
Phase 1.    Final Report February 6,  1947.    Secret    (Report SPD-64) 

(7) The M.W. Kellogg Company.    A Final Report on the Study of Controls for 
an Air-to-Alr Supersonic P/A MX-800.    February 6,  1947.    Secret (SPD-64) 

(8) Braun,  U.    Systems of Beam Uulding.    Navy Bureau of Aeronautics.    Trans- 
lation CGD 101, 1943. 

(9) The M.W. Kellogg Company.    Radio Equipment for Two-Beam Command Naviga- 
tion System.    February 6,  1947.     (Report HRB-III,  SPD-70)    Secret 

(10) The M.W. Kellogg Company.    Electronic Guidance for the Alr-to-Air P/A 
MX-800.    Secret    (Report HRB-103,  SPD-28) 

(11) The M.W. Kellogg Company.    "Survey of Intelligence Devices".    September 
3,  1946.    Secret    (Report SPD-35) 

(12) Correll.    Investigation of a Beam-Guided Anti-Aircraft Rocket.    Reel No. 
G0-127  (German No. FB 1847)    The M.W, Kellogg Company Translation C-3/ 
26<;T.    June 1943. 

(13) The M.W. Kellogg Company.    Report of Progress on a Study of Controls  for 
an Air-to-Air Pilotless Aircraft  (MX-Ö00)November 1, 1946.    Secret 
(Report SPD-41) 



SPECIAL PROJECTS DEPARTMENT 

REPORT No. 
SPD M 

PAGE 56 

(lit) Boeing Aircraft Company.    Gapa Project D-7847.    Progress of Work for 
June-July 1946.    Phase II AMC Contract W-33-038-ac-13875   August 1946 
Saerst 

(15) MIT.    Development of a Servo-Control System for Guided Hlsslles.    Report 
on NDRC Contract QEMsr 1013 July 1945    Confidential 

(16) The U.U. Kellogg Company. Harmonic Oscillation of Alrfslls In Two- 
Denemtlonal Supersonic Flow, Yockter, M. December 9, 1946. Secret 
(Report SPD-56) 

(17) The U.U. Kellogg Company.    Short Range Seeker for lK-800 Guidance System 
February 6, 1947   Secret    (Report HRB-110, SPD-69) 

(18) The U.M. Kellogg Company.    Launching Aircraft Installation, Special Test 
Rqulpment and Operator Training Equipment for use with the Proposed 
Guidance System for the MX-800.    February 6, 1947    Secret    (Report HRB 
112, SPD-71) 

(19) Federal Telephone and Radio Corp.    Ckilded Missile MX-800, Progress 
Report No. lj Missile Equipment for Two-Beam Command Guidance System 
February 1, 1947.    Secret 



APPENDIX "A" 

ERRORS IN THO-HSAM COMtAND 



/M\ 
I KELLOGG I w 

SPECIAL PROJECTS DEPARTMENT 

REPORT NO 
SPD_M[__ 

PAGE 
A-l 

APFEMDII "A" 

ERRORS IN TWO-BEAM COMtAMD 

The method of guidance considered la one based on the value of   ß 
(- d/9/dt).    (See Figure AI.) # ß is computed at the oontrol atation from the 
meaaured values of Bj, R]|, Äp, %»/öT» ^'M» and > (•"? -^ll)> 

Ve wiah to estimate the error in the computed value of ß due to ob- 
served errors in the meaaured quantities. 

The Formulas. 

We have 

H8^ - Brppr * **Fßu. * (RIäI - itfir) «*»y - RTHk(^r +& u) coa y, 

where 

H2 . Hi«2 + %2 - 2RTR((COB y , 

This gives 

R23ft  - Rjslny , R2 ^S - - RySln y, 
9R|I 3RT 

R2 3£ - Ry2 - RyRrCosr ,    R2 3/3- Rip2 - RjjRxeosy , 

RMi "    f'11!2 • ^)coay  - SRUBT 1 Rpy- (Rr2 - ^jRTBinr 
3 H,| J 

- 2(Rn - Rfcos r)SxR|ieln y, 

R*3£ - -    U&jß * R^Jcoa r - 21^1 %y- (Rr8 - R^jR^in y 

+ 2(Ry - Rj|COS -yjayRjain y, 

R*3jS - (R-r% - HIPT)  [(»T8 + RM2}ooa-/  - 2R||RT1 

- (Rx2 - RJJ2) RuRrain^T* 

By introducing the angles?     and*     (FlgureAl),  these can be reduced 
to: T 
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R2 3jä - HTslnr , 

R2 B>5 - R%cos -y T, 

R3 B ft* • (-Rpcoayj - f^coff.j,) Ryy 
3RM 

R2 Bff • - %8ln y, 
"«- 

R23 Gdp HRTcoa r M, 

*   (-2KTRMcos-,T -  (Rxcoa>n - H4rCoa,.j.)KT)sln . 

:: 

R33fl 
3 R^ 

(-HTC08,T   -   ftyCOS.y)   %  y 

* (t^fij.cos.y - (KTCOB-U - R^eoB>f)Rj|)ain r 

R4d£   - R2(RjRM - %Bp)   (C08 > - i:sin ^sin y) 
"by 

- RuRrtRr -%)(%•%) sin   yy 

If 7 is small,  then • K is also small and • T Is near 180 degrees.    So 
can put approximately 

COB > • rosr-jj * 1 

COS   J   • -1, 

RT - % - R. 

Tl.eii we get approximately 

R2^i. - 
3*M 

RTSin-y , 

R2 3i- - RRM, 

3Rj 
husin r 

RZ a z* - RRT» 

R2 9 g . H    i* a»T% - (RT » RM)»r sin y . 
S% T H 

R8^ » - R^* Sift - (RT • %) % siny . 

R2 Bp - RrR„ - UJlT - Vr (RT * V Blnyy . 
3y « 
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a 

In most caBPs the last term of the last aquation Is negligible. 

An Example. 

We take the following ralues as probable errors of the measured 
quantities: 

d% - CIHT • 30 ft, 

d - .004 rad, 

d% • dRT - 120 ft per sec, 

d v  - d.T • .01 rad per sec. 

Figure 2 shows a sample trajectory. Regardless of whether the con- 
trol ship pursues a straight course or turns we here roughly 

R - 3500 ft HT - 12300 ft, 

% - 8800 ft HT .= - 700 ft per sec, 

RU - 1600 ft per sec 

y « -1.5 deg, y   • .015 rad per sec 

sin y - -.025, Rnsin> • -200 ft, RTSlny   = -300 ft. 

These give, roughly, 

3_£_dH„- -.003 3ft dRr • .002 
5^1 

\ß_ipu - -.025 /J_dy6T -  .035 

000 
^HT 

ojg dRu * .000 
3% 

3^d> - .008 
3y 
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This report summarises the work conducted by the Project MX-800 during the period 
December, 1948, through February 6, 1847. The Project MX-800 is engaged in the development 
of a supersonic, air-to-air guided missile to be used against hostile aircraft.  The missile 
is to have a range of 6000 yards and a speed of 1500 mph, and is to be capable of intercepting 
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