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MKRAL    PREFACE 

During the active life of the Project 1A at Northwestern University provision 

was made for the preparation of a series of monographs on the general subject of 

Photographic Aerial Assessment as developed for the Navy under üortu Contract OEWsr 1276. 

It was felt that in its present highly specialized form a fairly comprehensive BXJKJSI- 

tion of the theories of the various problems,  the analytical procedures,   the record- 

ing equipment and the unique devices used would be a timely undertaking,  representing 

not only a general review of progress but also forming a point of departure from 

which to measure future developments. 

The chief purpose held in view in preparing these Manuals has been to provide 

a reasonably adequate presentation of background theory, operational requj rements 

and computing procedures as exploited by the Northwestern group. 

To better suit the work to this main purpose,  the first volume,  The Supervisor's 

Manual,  furnishes the reader with the elementary notions of the methods and resources 

of which use is made in the development of the theory.    The treatment of the Bomber 

V3 Fighter problem, with the bomber flying a straight line course at constant speed, 

has been developed in relatively extended form since it is the basic problem from 

which others may be handled by suitable modification and extension.    The other pro- 

blems discussed in similar but less detailed manner are four:    X-l)  Bomber vs Fighter, 

with the Bomber undertaking Evasive Action;   (■£)  The Fighter vs Bomber;  (-5) The Angle 

of Attack and Skid Problem; and (4) The Flight-Path Problem,    The reader is given a 

geometrical interpretation of the different situations,  a briel" theoratical treat- 

ment is presented,  and the analytical work is detailed with the aid of Flow Charts 

and associated Form Sheets. •^jhe-«jcperimental requiromenta of what information is 

necessary and how it may be obtaihed,^ciui»ra calibration and synchronization, accuracy 

needed at various steps in the analysis, film handing, and description of the 
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computing instruraents are included, as well as suggestions and cautions based on 

several month's operational experience with the equipment and procedure. 

uf the remaining volumes,  two are very closely bound to the first.    From the 

purely practical consideration of carrying out the assessment procedures the second 

volume  is the Computer's ivianual,  which has been prepared for the non-technicel people 

who will in the main do the actual computing work;     it provides a summary of aerial 

gunnery terminology,  provides Flov/ Charts indicating the operations necessary to ob- 

tain the desired assessment data from the film and computing Hiachines, and provides 

a description of these devices.     The third volume,  the Theory Manual,   supplements 

and extends the theory in the  first volume. 

Volumes 4 and 5 are Equipment kanuals, treating the Airborne and Ground Installa- 

tions  in comprehensive fashion,  dealing with the suujects of mounting, aligning and 

adjusting the devices ii addition to detailed instructions for maintenance and opera- 

tion.     Parts lists are included,   giving specific reference to the drawing number and 

manufacturer of the detailed parts of the various units used in the program. 

Certain general editorial features of the work may be noted as  follows: 

1. Symbols.    No attempt has been made to maintain,  in the treatment of the 

various volumes,  an absolutely uniform system of notation.    This was found to be quite 

impracticable. 

Notation is peculiar to the special subject under treatment, and must be adjusted 

thereto.     Furthermore, there is no generally accepted system of notation among the 

people working in the field.    Each author has developed his system of symbols in accord- 

ance with Ids needs.    However,  tables are included giving t i most frequently employed 

symbols with their meanings,  and summaries of aerial-gunnery terminology are also 

provided. 

2. General Flan of Construction.    It should be noticed that definitions, 

ii 
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illustrations and charts included as a part of a volume are bound at the top of the 

left cover, and that the text material is bound at the top of the right cover. This 

makes for convenience of continued reference to a sketch, photograph or definition 

over the span of several pages of text material. 

3. At times reference is made to a "Project 1/4", and also to a "Project 22."; 

it shouli be explained that Lhe Northwestern University group working on the Aerial 

Gunnery Problem was known as Project 1A until 3i uctober 1945> after which date it 

became Project 22. 

R. S. Hartenberg 

Project 22 
Northwestern University 
Evanston, Illinois 
November 1945 
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INTRODUCTION 

Volume 1, the Supervisor's Manual, has been prepared primarily for the person who has 

charge of carrying out the computations which transform the raw experimental data into use- 

ful results.    In addition, it will be adequate for the person who is merely interested in 

a brief glance at photographic aerial assessment and its methods.    In either case the 

reader is assumed to be familiar with mathematics through the calculus and, what is even 

more important, to possess a mature viewpoint toward mathematical techniques plus good 

sense in applying them to physical situations and engineering problems.    The equivalent 

of a college major in physical science, engineering, or mathematics should be sufficient, 

though not necessary, preparation for the understanding and application of the material 

presented in this volume. 

Detailed step-by-step procedures for carrying out the variot's separate calculations 

are reserved for the Computer's Manual, and elaborate treatments and proofs which would 

interrupt the continuity are relegated to the Theory Manual.    However, frequent references 

are made to both of these volumes,  and the reader is presumed to have ready access to 

them and to the references mentioned in the text from time to time and collected in the 

bibliography at the end of each section.    The general reader may not wish to study the 

Computer's Manual in detail, but the supervisor must be thoroughly familiar with it, 

since the computers working under his direction are expected to follow the procedures 

described therein. 

iv 
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BOMBER    VS    FIGHTER:     BOUBER    FLYING    STRAIGHT    AND    LEVEL    AT    CONSTANT    SPEED 

CHAPTER    A-l 

THE    THEORY - A    BRIEF   TREATMENT 

A-l,01, Objectives and Methods.    The objective of an assessment of a bomber's defen- 

sive armament is to measure the effectiveness of its fire control system against an attack- 

ing fighter (or fighters) under specified types of simulated combat conditions.    Several 

different measures of this effectiveness have been proposed, among them the single shot 

probability of scoring a hit on the fighter at any ^nstant durjng an attack, the probability 

of scoring at least one lethal hit during an attack, and the mean and standard deviation 

of the gun ^aition errors during an attack.    These and other measures have been defined 

and discussed in various papers*, from which an idea of their relative merits may be gleaned* 

Here we wish only to state that they all require the prior determination of the radial gun 
■ 

lead error (or suitable components) at any instant, where the radial gun lead error is 

i xined to be the angular difference between the direction in which the gun under considera- 

tion was pointed and the direction in which it should have been pointed in order that a i 

bullet fired at that instant would hit the fighter at some later instant.    Because of this 

dependence of other measures on the radial gun lead error or its components and because 

it can itself be taken as a measure of effectiveness, the  following discussions will be 

limited to the formulation of meinods for calculating during "dry runs",  i.e., attacks in 

which no actual firing occurs. 

AMG-C No. 370,  "The Assessment of Gun-Camera Trials,"  nv R. F. Bennett and A, Sard 
SRG No. 360,      "Estimation of Hit Expectancy or Bullet density from Aim-Error Ob- 

servations Known to Contain Observational Error", by R, F. Bennett 
AMG-N NO, 23,    "Computation of Single Shot Probability in Camera Sight Assessment", 

by A, A. Albert 
AMG-N NO, 79      "Renults of a Recomputation of Sight Evaluation Test Data", by W, Given« 
AMC-N No, 03,    "Optimum Dispersion with the Mark 23 Fighter Gunsight", by W. Givens 

t 
* See, for example 
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Two possible photographic assessment methods are discussed in Uemos 3 and 10 of Pro- 

ject lA at Northwestern University, The so-called transit-time or time-of-flight method 

(treated later in this Section), was considered in detail and the vector method was men- 

tioned briefly. In developing the theory for the two methods it became apparent that the 

transit-time method possessed greater inherent flexibility and had a better chance of 

being made more accurate than the fire control system to be tested. It was, therefore, 

chosen as the most prondsing means for getting the desired results. 

Having selected the transit-time method, the assessment is treated most naturally 

under the following cases: 

(1) the special situation where the bomber flies a straight path at constant 

speed, and 

(2) the more general condition where the bomber may deviate from such a path 

by taking various forms of evasive action. 

The theory of the former is much simpler than that for the latter, and the present method 

developed for evasive action is based on the idea of reducing it to the case of straight, 

steady flight by applying appropriate corrections. Therefore, the special case, which is 

useful itself in spite of its restrictions, is described in detail first, after which the 

extensions to certain types of evasive action are considered in Section B of this Manual, 

In the process of applying the transit-time method certain additional useful data 

are obtained, some of which are in the nature of by-products. Such data are principally 

(1) the gunner's ranging and tracking errors (at least when he i,1? using a rate computing 

sight similar to the Uk 18), yielding information on the quality of his handling of the 

fire control system, (2) measurements of the bomber's attitude and change of attitude, 

(3) estimtes of turret angular rates, and (4) certain information about the attacking 

fighter needed to determine its flight path (see Section E) and to assess its fixed 

gunnery (see Section C), 
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The foilowirg discussion is deaigned to explain intuitively the basic idea of the 

transit-time method. A rigorous analytical treatment is reserved for the Theory Uanual, 

Chapter A-l. 

A-1.02 Aaaumptions« The theory to be developed is based on three assumptions, viz.; 

(1) that the bomber flies a straight path at constant speed, relative to some 
reference point, eay a ground observation post or a free-balloon moving 
with the air mass; 

(2) that a projectile fired from a bomber follows a straight path at constant 
speed, relative to the same reference point; 

(3) that the bomber, pxojectile, and fighter may be treated as points in th^ 
air mass. 

A-l.03 Basic Theorem. In Fig. 1.01, let the bomber move along the straight line 

B0B^B2 and the attacking fighter along any path F0F±F2 "fhich need not be in a plane. 

Suppose that at the instant when the bomber is at B0 a.id the fighter at F0, a projectile 

is fired from a gun pointing in the direction B0G. The fundamental problem is to determine 

this direction such that the projectile will score a hit on the fighter. 

First consider the projectile. When it leaves the gun its velocity vector is the 

resultant of its muzzle velocity with respect to the gun and the gun's, i.e., the bomber's, 

velocity. In Fig. 1.01 the direction of the projectile's path is B0P, lying along tne 

diagonal of a parallelogram whose sides, B0G and B0B, are proportional to the muzzle and 

bomber speeds, respectively. Note that only when the gun is pointed forward or backward 

along the bomber's path will the projectile travel in the direction the gun is pointing. 

At some later instant, say one-tenth of a second after being fired, let the projectile 

be at Pi , the bomber at B^ and the fighter at F^ . Assumptions (1) and (2) imply 

that the distances covered by the bomber and projectile in any given time are proportional 

to their speeds, so that BQBI-.BQB =  BOP^BQP , Tlds means that B^Pi is parallel to 

BP and hence to B0G also. 

Similarly, two-tenths of a second after firing, the projectile will be at ?£ > the 

bomber at B2 , and the fighter at F2 , where B2P2 is parallel to B0G . Applying 

the same argument to any instant of time, T seconds after firing, we see that BXPT is 
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pareLUel to    BQG    ; i.e., the direction from the bomber to the projectile ia always 

same as the direction the gun was pointed when it was fired. 

Now the condition for a hit on the fighter at any time    T    is that    PT    coincide 

with the fighter's position    FT    , in which case    B-pF^    is parallel to   B G    .    Thus 

we have arrived at the following basic theorem: 

Theorem:    The direction in which the gun should be pointed when a projectile is  fired in 
order that it shall hit the fighter at some later instant ia the same as the 
direction fron the bomber to the fighter at that instant. 

This direction is called the true bore-line, ami any convenient point (other than    B      ) 

on it is called the true bore-point.    Firing time, or present time,  is the instant when 

the gun is fired and impact time, or future time, the instant when the hit is scored.    The 

difference,    T    , between these times is called the bullet time-of-flight or transit time. 

A-l.Oi*. Discussion.    The foregoing theorem provides the basic method for finding 

where the gun should have been pointed, by looking ahead to the assumed point of impact. 

Note that no restrictions on the fighter's path are required*, which is one of the chief 

advantages of the transit-time method.    It means that no meaLorements need be made from 

the fighter during the attack to assess the bomber gunnery, although some are required 

if the fighter gunnery is to be studied simultaneously.    (See Section C) 

The effect of such factors as air resistance and gravity on actual projectiles usually 

invalidates Assumption (2) of Section A-1.02,    It was convenient for the intuitive deriva- 

tion but can oe relaxed to meet practical situations.    Suppose first that the projectile 

follows a straight path but that its speed is variable.    If we know the tim«    T    for it 

to reach any point    ?„    , we can carry through the development in Section A-1.03 using an 

imaginary (or "ghost") projectile which coincides with the real projectile at firing time 

* Unless they are imposed to facilitate ranging;  see Section A-2.06 and the Theory Manual, 
Chapter A-2. 
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and imjmct time and travels with its average  üpeed.    Ballistic tables and formulas to fit 

them provide a means of calculating    T    ,  usually as a function of (future) range at im- 

pact time ( BTFT    in Fig. 1.01) and angle-off ( Q   in Fig.  1.01) for particular types of 

projectiles and specified flight conditions,    (üeo AMP Memo No. 104.1 "Simple Formulas 

to Fit the Values Tabulated in the Firing Tables FT 0.50 AC-M-1," by George Piranian.) 

Deviations of the projectile from a straight path are harder to handle in theory, 

but in aerial combat they are relatively small and can be applied with sufficient 

accuracy as a final correction to the true bore-line.    Ballistic tables and formulas again 

furnish the necessary data, which have been reduced to a convenient graphical form called 

D0F0GRAPHS.    A detailed description will be reserved for Chapter A-3 of the Theory Manual. 

In passing,  it should be noted that most ballistic formulas require horizontal bomber 

flight.     This restriction is not  serious,  however, since in practice it is generally required 

in order to maintain constant bomber speed. 

Actually,  Assumption (3) of Section A-1.02 is unrealistic.    The projectile is,  of 
I 

course,  not a point, but its finite size will be neglected.    For the fighter it is necessary 

to define a target point (  F™    in Fig. 1.01), which has been taken to be the center of the 

propeller hub in the case of a single-engine fighter like an F6F,    This procedure is satis- 

factory for computing the gun-lead error,  but in calculating the probability of a hit it 

fails to take account of the finite size of the fighter.     For this purpose it is customary 

to replace the fighter by a circle of equivalent lethal area with its center at the tar- 

get point.    A number of investigations have been concerned with the problem of establish- 

ing lethal areas for various fighters,    (See,  for example,   AMG-C No.  370,  "The Assessment 

of Gun-Camera Trials,"    by R.  F.  Bennett and A. Sard, Appendix 1,  by Milton Friednan, 

and Appendix 2.) 

On the bomber,  the point    B    (Fig.  1.01) is defined as the center of rotation of the 

turret  for which the assessment is being carried out, provided such a center exists. 

Usually there is no such center,   since the axes of rotation of the turret and its guns do 

CONFIDENTIAL 5 



CONFIDENTIAL >ec. 

not in general i^ersect. However, the turrets which we shall consider are so constructed 

that these axes, while skew, are mutually perpendicular in the extended sense that for 

each axis there exists one plane which contains it and is normal to the other axis. In 

this case B is defined as the point of intersection of the turret's axis of rotation 

with its normal plane which contains the axis of rotation of the guns. »Ve shall call E 

the center of the turret. These relations are shown schematically for two common turrets 

in Fig. 1.02. Note in both cases that when the turret rotates, the guns' axis moves in 

a plane normal to the turret's axis, thus maintaining the perpendicularity of the two 

axes. Note also that, o.a far as fundamental motions are concerned, the hrco turret is 

essentially a Uartin turret turned on its side, and vice versa. 

In connection with Assumption {!)  of Section A-1.02 it should be noted that rota- 

tions of the bomber which take place about the turret center under consideration are 

permissible, provided, that they do not ultimately cause a deviation from the required 

straight path or constant speed during bullet time-of-flight. In practice, large rota- 

tions would probably result in such a deviation, but the effect of small ones, say a few 

degrees in magnitude, is likely to be negligible in this respect. However, rotations of 

the bomber will generally take place about some point other than the turret center. Hence, 

they will produce translations of the turret center as well as rotations about it. Strictly 

speaking, the result of such translations is a deviation of the turret center from a straight 

path or from constant speed (or both), thereby violating Assumption (1). Physically how- 

ever, the amount of rotation which will occur during time-of-flight is so limited that 

the translation effects are assumed to be negligible, tor  ease of assessment it is desirable 

to minimize all bomber rotations as much as possible, but slight ones are usually unavoid- 

able even in straight flight, as a result of gusts, moving personnel, natural oscillations, 

pilot Judgment, etc. The methods of measuring and correcting for such unavoidable rota- 

tions will be discussed in Section A-2.Ü7 and in the Theory iianual. Chapter A-4. 
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So far the aasessraent haa been applied to only a single instant, viz., the firing 

time defined in Section A-1.03. In assessing a fire-control system, its performance 

over an en'iira attack is usually more important than at any one instant. Hence, the 

analysis must be repeated for a sequence of firing times appropriately spaced throughout 

each attack. Motion picture cameras provide a running record of the required data, as 

described in Chapter A-2. 
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CHAPTER    A-2 

EXPERIMENTAL    REQUIREMENTS 

A-2.01,    Meaaurementa and Data«      In using the transit-time method to determine the 

errors in gun lead or gun position at a specified »urret on a bomber in defense against 

in stacking fighter, measurelhents of the following quantities as functions of time during 

the attack are needed: 

(1) the direction in which the gun is oointedj 

(2) the direction from the center of the turret to the target pointj 

(3) the range,  or distance from the center of the turret to the target pointj 

{k) the bomber's attitude. 

The following data which art not functions of time are also required: 

(5) the bomber's TAS (true air speed); 

(6) the bomber's altitude above sea level, or more precisely the relative air 

density,   />  , in the vicinity of the simulated attack;* 

(7) the type of ammunition assumed to be fired from the bomber's gun. 

(8) the fighter's wing span, or if it has special ranging lights or marks, the 

distance between them,  for stadiametric ranging,    (See Section A-2.06 and 

Theory Uanual, Chapter A^2,) 

If the single-shot probability of a hit is desired, the following additional data 

are required: 

(9) the size of the attacking fighter; 

(10) the standard deviation oi the bullet dispersion pattern (aasuned circular). 

* Sines no bullets are fired ia these "dry runs", the value of p   need not correspond to 
the actual altitude of the bomber as far as the behavior of its projectiles is concerned. 
However, the flight characteristics of the bomber and fighter will be somewhat artificial 
unless the actual altitude is used. 
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If the turret is equipped with some type of computing sight, it is desirable to measure 

the following quantities as functions of time in order to determine how well the sight 

is being used: 

(11) the direction of the sight's "aiming pip", i.e., the point which the gunner 

attempts to hold in line with the target point  by proper tracking. Any- 

convenient point on this direction is called the sight-point; 

(12) the range input if required by the sight. 

It may happen that the target position data are most easily obtained from some other 

observation post on the bomber. The calculation procedure which relates them to the de- 

sired turret location is called parallax correction. Before this procedure can be carried 

out we require: 

(13) measurements of the relative positions of pertinent turrets and other in- 

stallations on the boiiiber, 

A-2.02, Scope. The procedures to be described below for carrying out the transit-time 

method have been applied specifically to the case of a PB4Y-2 und'jr attack by an F6F at 

Armament Test, U. S, N. A. S., 'atuxent River, kd. Equipment needed to obtain the measure- 

ments described in Section A-2,01 has be«n installed in the kartin forward crown-turret, 

Erco port waist-turret, and Martin rear crown-turret of the PBJ+Y-2. (See Fig. ^.01). 

tfhile the discussion will pertain directly to these turrets and aircraft, it should be 

borne in mind that the procedures themselves have general applicability in aerial assessment, 

A-2.O3, Turret Geometry. Before describing how the measurements are taken, it is 

necessary to define certain quantities and coordinate axes to which they refer. Figs. 2.02, 

2.03, 2.0i+, 2.05 and 2.06 show the important relations. 

On the Uartin forward crown-turret the turret-axes ( XYZ in Fig. 2.02) are defined 

to be a rectangular coordinate system having its origin 0 at the center of the turret, 

its Z-axis coinciding with the turret's axis of rotation, its Y-axis perpendicular to Z 
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and parallel to the bomber's plane of symmetry*, and its X-axis perpem   JLT to Y and 

Z . Positive directions along X , Y , and Z are toward the starboard wing, toward 

the nose, and up, respectively, thus giving right-handed axes. 

A given direction from 0 is specified by its azimuth ( oL  ) and elevation ( t ), 

where < is the bjigie between the ♦Y-axis and the projection of the given direction on 

the XY-plane, and t is the angle between this projection and the direction itself, (See 

Fig. 2,03). «*- is measured positively from the t-Y-axis in a clockwise direction looking 

down on the XY-plane; t is positive if the given direction is above the XY-plane and 

negative if below. The units for measuring oc , £ , and other angles are the usual degree- 

rrlnute system^*, and the intervals for c< and t  are CP i  a. <. 36O0 and -90° •= t = 90°, 

It should be observed that when this turret is rotated its guns swing around in 

azimuth (see Fig. 1.02). However, since the guns' axis of rotation does not pass through 

0 (B in Fig. 1.02), the guns do not raise and lower strictly in «levation as defined 

above. The investigation in P14£ Memo No. 40, "Note on Error in Lead Due to Gun Camera's 

Displacement from Turret Center 01'  Hotation" shows that the resulting errors are not serious 

under ordinary conditions at present. 

The turret-axes for the Martin rear crown-turret are defined similarly and are parallel 

to those at the Martin forward crown-turret. The relative positions of their origins were 

found by surveying the bomber on the ground***. 

On the Erco port waist-turret, it is coi /enient to define three sets of axes, all of 

which have their origins at the center of the turrot. One set (XYZ) is parallel to the 

turret-axes of the Martin forward crown-turret and is called the bomber-axes at the Erco 

* The vertical plane which divides the bomber into two symmetrical halves, 

** A decimal system like degrees and hundredtha would be preferable, but surveyor's transits 
used in some of the calculations (see Section A-3.C/2) were not obtainable with such scales. 

*** see Drawing No. P1AE-32-2, "Installation in PB4Y-2, A,T, No, 14". Since the bomber is 
not strictly a rigid body, the relative positions may change slightly in the air and 
under different loadings. See Section A-2,09, 
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port waist-turret  (see Fig.  2.02).    The turret's axis of rotation does not coincide wich 

the Y-axis,  but fortunately it does lie in the Xi-plane (as closely as can be measured 

by ordinary methods), making an angle,   </" ,  called the off-set anpile*. with the Y-axis 

(see Fig. 2.04). 

The second set of axes  ( X^Yt^t in figs. 2.0/* and 2.05) at the Erco port waist-turret 

differs from the bomber-axes only by being rotated about the    Z-axis through the angle 

in the negative azimuth direction.    Hence    Z^    coincides with    Z    ,  and    Y^    with the 

turret's axis of rotation.    This second system is called the turret-axes at the iirco port 

waist-turret. 

The third set of axes ( XgYgZg    in Fig. 2.06) at the Erco port waist-turret is called 

the gun-axes because it moves with the guns.    X      is parallel to the bore line of the two 

guns (or of a chosen gun if they are not parallel to each other),  and    Y-    is perpendicular 

to    X_   and parallel to the traverse plane, which is defined to be the plane of    X„   and 

Y^     .    It is the plane in which the guns move when rotated about their axis.    Z      is per- 
o 

pendicular to both   X     and    Yg    .    The positive direction on   X_    is toward the muzzle and 

on    Y     is toward the bomber's tail when the gun is pointing along the beam.    The positive 
o 

direction on Zg is chosen to form a right-handed system. 

It is sometimes convenient to define a set of axes parallel to the turret axes of the 

Martin forward crown-turiet but with its origin at some other location un the bomber. As 

in the case of the Erco port waist-turret, such a system will be called bomber-axes at the 

chosen location. An example which will be met later (Section A-2.05) is the be iber-axes 

at the tri-cameras. 

In the following sections we shall give a brief description of the equipment by which 

the needed measurements are recorded. For detailed information on its design, construction, 

installation, and maintenance refer to the Equipment Manual, Airborne Installations, 

* By measurement the magnitude of <f  was found to be S^' on PB4Y-2, A.T. No. 14, 
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A-2.0U,  Direction of the Gun. On the Martin forward crovm-turret is an installation 

called the RAZEL, its name standing for range, azimuth, and elevation. It consists of an 

azimuth scale scribed on the inside of the cylindrical turret-well, with an index which 

moves with the turret, and an elevation scale mounted on the elevation sector which moves with 

the guns, with an index and vernier which are stationary with respect to the turret. 

Readings from these two scales provide a direct measurement of the gun azimuth and eleva- 

tion ar d are recorded by a motion picture camera installed in the turret expressly for 

this purpose. As originally constructed the RAZEL-camera clso recorded readings from a 

third scale intended to give range input into the Mk 18 sight installed In the turret. Since 

this scale turned out none-too-successfully, it was later removed, thus reducing one 

RAZEL to what might be more correctly called an "AZEL".  Fig, 2,07 shows a sample frame 

of RAZEL film. 

On the Martin rear crown-turret an instruiL^nt called tho deflectometer was originally 

installed for the purpose of measuring the gun position on that turret. It utilizes gears 

and flexible shafts to reproduce motions of the turret azimuth ring and the gun elevation 

sector on dials which are photographed in the edge« of tha gun camera film described in 

Section A-2,05, Fig. 2,08 shows a sample frame of this combined deflectometer and gun 

camera film, 

Beth the RAZEL-camera and the defltictometer-caraera provide a running record of the 

actual directions in which the guns in their respective turrets were pointed. There is 

no analogous installation in the Erco port waist-turret. Here it is necessary to work 

back from the target position to locate the actual gun direction, as described in Section 

A-3.03. 

A-2.05. Direction of the Targ    Since the gun direction should always be within a 

few degrees of the target directica nen an atteupt is being made to aim the gun correctly, 

a camera rigidly attached to the gun will usually be able to keep the target in its field 

of view. Such a camera is called a gun-camera, and each turret to be assessei must be 
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equipped with at least one. Its fundamental purpose is to relate the target direction to 

the gun direction, and vice versa. At first the gun-camara was boresighted, i.e., installed 

with its optical axis parallel to the g'in-bcre line. However, experience has shown that it 

is frequently advantageous to off-set the gun camera, i.e., to increase its useful field 

of view by rotating its optical axis an appropriate amount in the expected target direction. 

Fig. 2.06 and 2.09 show sample frames of gun-camera film. 

Sometimes the direction of the target with respect to bomber-axes at some location 

other than a turret is desired. In this case it may be possible to mount one or more 

cameras, called target cameras, at the given location to cover tht field of anticipated 

target directions. They give a panoramic view of the attacks. These cameras must remain 

fixed with respect to the bomber, at least during any one attack. An example is the bank 

of three, called the tri-c&mera. which is mounted in place of the navigator's astrodome 

Just behind the Martin forward crown-turret, as shown in Fig. 2.01. A further example 

is a group of two, calle>," bi-cameras. The mount is adjustable to allow for different 

types of fighter attacks, 

A-2.06. Range. To determine the range by optical means at any desired instant during 

an attack, use is made of the fact that the apparent size of the fighter increases as it 

comes in closer. Derivations and discussion of various range formulas are given in the 

Theory Manual, Chapter A-2; here we merely state that under simplified conditions the 

range is inversely proportional to the wing span (or the distance betreen lights or marks 

placed on the wings to improve the visibility) as measured ~n the image of the fighter 

recorded by a suitable camera on the bomber. 

With a given lens, the image size and density decrease with range, leading to a loss 

of accuracy at long ranges. A 2-inch lens has a field of view of approximately 28 degrees; 

a 10-inch lens has a field of about 6 degrees, with an image size five times as great as 

that of the 2-inch leno. It is not feasible to use a 10-inch lens in a gun-camera, since 

the leads are such that the attacking plane is likely to be out of the field, A 2-inch 
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lena represents the limit in focal length with present aircraft speeds and ammunition; 

with the 2-inch lens range determination beyond 600 yards becomes too inaccurate. 

The uae of a long focal length lens in an independent camera, whose only function 

is to take pictures for ranging,  has been successfully exploited in certain applications. 

Recent developments in airborne radar promise a means of raising the effective upper 

limit to several times ius present value.    Radar has two advantages:     (l) the fact that 

its accuracy is essentially independent of range, although it must be calibrated by,   say, 

the optical method at short ranges;  and (2) the fact that it can be used regardless of 

the path of the fighter.    Its present difficulties are related to the additional equipment 

required in the bomber aid the problems of maintenance, 

A-2.07.  Bomber's Attitude:    Gyros.    It was mentioned in Section A-1.Ü4 that the bom- 

ber may experience undesirable rotations about its center of gravity even when it is flying 

level and  steady.    To measure these rotations, the attitude of the bomber relative to some 

fixed set of axes as a function of time during the attack is needed.    One possibility is 

to photograph a background of clouds or horizon if available, and another is to employ 

gyroscopes carried in the bomber.    Only the latter method »rill be discussed here, 

A free gyroscope has the useful property that it will maintain the direction of its 

axis of rotation in space, regardless of the motion of the platform on which it is supported. 

Hence any rotation of the bomber, except about the gyro's own axis, may be measured by 

observing th« apparent motion of this axis relative to the bomber.    Since a single gyro can- 

nc. detect, rotations whi^h take place about its own axis, two gyros with their axes of 

rotation mutually perpendicular are used to cover all possible motions.    The gyros actually 

employed were adapted from a C-l autopilot with the addition of suitable scales to indicate 

the rotations and electrical-mechanical controls for starting, stopping, and aligning the 

axes to a desired initial position. 
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Fig. 2.10(a)    shows the two gyros with temporary mour.tings and dials«,  and Fig. 2.1Ü(b) 

shows an actual gyro installation.    In the rBJl+Y-2,  A. T. No. lh, they were mounted under 

the kartin forward crown-turret and the scales photographed by a special camera, a sample 

frame of whose film is shown in Fig. 2.11.    Instructions for reading these dials are in- 

cluded in the Computer's Manual,  Section E, 

In order to make correct use of the gyro dial readings it is essential that the opera- 

tion of the gyros be  clearly understood, at  least to the extent of the  precise meaning 

of the angles they measure.    The reader in advised to verify the  statements made  below 

by studying either the gyros themselves or a model which illustrates their essential parts 

and motions. 

Referring to Fig. 2.12,  where    XYZ    is a set of bomber axes at the center of gravity, 

suppose that the gyros are so mounted that when their axes are aligned and then freed the 

axis of rotation of one will be initially parallel to    Z    and the axis of the other will 

be initially parallel to    Y    .    The first gyro is called the Z-rotor,  the second the Y-rotor---«. 

As shown in Fig. 2.10 the Y-rotor has only one dial, mounted paralle"1   to the XY-plane, 

whereas the Z-rotor has two dials, one mounted parallel to the    YZ-plane and the other 

parallel to the XZ-plane. 

Starting from this initial position let the bomber rotate about    Z    only.    The angle 

through which it turns is called yaw and will be indicated directly on the yaw dial of the 

Y-rotor.    The dials on the Z-rotor will show no change,  since a yaw takes place about an 

axis parallel to its axis of rotation. 

Returning to the initial position let the bomber rotate about    X    only.    Then the 

angle through which it turns is called pitch and is measured on the Z-rotor dial which is 

*    Their actual dials and verniers read to minutes.    (See Fig. 2.11.) 

*-* On the autopilot they are called the vertical fli^h^   ^yro and the directional stabilizer 
respectively. 
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parallel to the XZ-plane, called the pitch dial, without changii.w, the o    uaia. 

Similarly, returning to the initial position and letting the bomber rotate about 

Y only, it will turn through an angle called roll, measured on the Z-rotor dial which is 

parallel to the XZ-plane, called the roll dial, without changing the other dials» 

In practice the bomber may have any combination of these three rotations.  Let XYZ 

be the initial bomber-axes and X'Y'Z' the bomber-axes in an arbitrary new attitude. 

Then a study cf the gyros or their model will show that: 

(1) the yaw dial measures the angle between the positive Y'-axis and the pro- 

jection of the positive Y-axis on the X'Y1-plane; 

(2) the pitch dial measures the angle between the positive Z'-axis and the pro- 

jection of the positive Z-axis on the Y'Z'-plane; 

(,3) the roll dial measures the angle between the positive Z'-axis and the pro- 

jection of the positive Z-axis on the X'Z1-plane. 

These angles are still called yaw, pitch, and roll, respectively. They reduce to the pre- 

viously defined angles in the case of the corresponding single rotation only, since the 

projections of the primed axes are then identical with the axes themselves. 

The sign conventions for yaw, pitch, and roll angles are as follows: 

(1) yaw is positive if the nose turns to the left; 

(2) pitch is positive if the nose turns up; 

(3) roll is positive if the starboard wing rotates upward. 

As a warning about the difficulty which will be met later, w state here the fact 

that the roll, yaw, and pitch as measured above are not in general the angles required 

by the calculation scheme. The theory of necessary corrections and various ways of per- 

forming them are treated in the Theory Manual, Chapter A-U. 

In practice one needs a record of the roll, yaw, and pitch of the bomber as a function 

of time during each attack as piovided by the gyro camera, and LISO what are known as 

zero dial readings and initial readings. The former means the three dial readings when 
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the axes of rotation of the two gyros are aligned,  i.e., when the axis of the Z-rotor is 

parallel to the intersection of the planes of its two dials and the axis of the Y-rotor 

is parallel to the Intersection of the planes of the yaw and pitch dials.    The zero dial 

readings can be obtained by a bench test before the gyros are installed in the bomber. 

The verniers should be adjusted to make all three of them zero,  but this has not always 

been the case. 

In ar actual flight, the gyro axes of rotation should be aligned,  or erected,  just 

before each attack.    If the erecting mechanism worked perfectly,  the initial readings of 

the dials at the  instant the gyros were freed would agree with the  zero dial readings. 

The respective differences provide a measure of the accuracy of the erecting mechanism in 

correctly positioning the axes, except that the axis of tt e Y-rotor can have any direc- 

tion parallel to the XY-plane and still show the correct initial readings.    Hence they do 

not provide a complete check on the alignment of the Y-rotor.* 

Before leaving the subject of gyros  it should be observed that other orientations of 

the rotors are possible and sometimes desirable.    In particular.  Gyro Set No. 1 was at one 

time** so mounted that its coordinate axes    XrYrZr    in Fig. 2.13 were rotated from the 

bomber-axes    XYZ    through an angle    P0    in the YZ-plane.    The reason for this orientation 

is based on the fact that the erecting mechanism for the Z-rotor depended on gravity and 

was designed to align its axis of rotation vertical with respect to the earth, whereas 

the erecting mechanism for the Y-rotor brought it parallel to the Yr-axi8.    H^nce unleae 

Zr    is a true vertical,  the two rotor axes will not be aligned perpendicular to each 

other.    When the bomber is in level flight,     Z    is tilted back from the vertical by an 

*    That in general the axis of the Y-rotor should be aligned parallel to 1-axit and not 
merely parallel to the X^-plane may be shown by considering a rotation about the Y- 
axis, which should record a roll only.    Unless the axis of the Y-rotor is parallel to 
the Y-axis, the yaw dial will also be affected. 

** During flight tests for F. C. No. 9,  14,  15; Spring, 1%5. 
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angle    P0    , which is called the flight angle and amounts to an initial pitch.    It de- 

pends on the speed and loading of the bomber and was found to average 2018,   for the 

PaifY-2, A. T. No. 14,  and in the tests conducted for F. C. No. 9, 1A, 15,  the extremes 

being about 1° and 3° for 170 knots and 1U0 knots, respectively, with the load originally 

carried.    Hence    P0   was taken to be 2018,  in order to minimize the deviations of    Zr 

from a true vertical.    This procedure is not too satisfactory,  however,  and an electro- 

mechanical erecting mechanism independent of gravity has been installed in later gyro 

sets, 

A-2.06 Gunner's    Performance.    In order to assess the gunner's tracking akill a running 

record of the sight reticle and its position relative to the target is needed.    A sight- 

camera, mounted on the  sight-head in such a way that it sees the same field as does the 

gunner, is used to provide this record.    With most optical sights and in particular with 

the Mk 18 it is possible to mount the camera so that it looks down on the back of a half- 

silverer mirror and hence does not interfere with the gunner's vision in looking through 

it.    A sample frame of the sight-camera film is  shown in Fig. 2.14, and detailed instruc- 

tions for its use are included in Section H of the Computer's ^'anual.    Briefly,  the gunner's 

tracking errors are obtained by computing the angular difference between the cirections 

of the sight- and target-points on this film. 

The Mk 18 sight requires that the gunner, in addition to tracking the target, must 

range it  by framing its wing-tips in the circle formed by the six pips which surround the 

center aiming pip (see Fig.  2.1A).    As the fighter approaches, the gunner is expected to 

increase the diameter of this circle by means of foot controls to match the growing 

apparent size of the target.    This reticle diameter is therefore a measure of the gunner's 

ranging, which is called sight range and which is inversely proportional to the reticle 

diameter for the same reason that range is inversely proportional to the target image size 

(see Section A-2.06 and the Theory Uanual A-2.)    The gunner's ranging error at any time 

is given by the difference between the sight range and the range at that time, 
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As mentioned in Section A-^.O^, another estimate of the gunner's ranging was originally 

given by the third riAZEL scale.    More recently a selsyn device which records a measure of 

the gunner's ranging derived from the sight's range circuit has been tried.    Its  reading 

has been dubbed remote range t   since it records on a conveniently located instrument panel 

not necessarily in the turret. 

It should be observed that the three estimates of gunner's ranging discussed above 

are not strictly equivalent.     The remote range measures the range as fed into the computing 

mechanism,  thus taking account of both the reticle diameter and the sight's initial setting 

for target wing span      On the  other hand the sight range and HAZEL range are measures of 

the reticle diameters only and are used with the assumption that the initial setting was 

correct.    The RAZEL range has further inaccuracies owing to lack of stiffness of available 

pulley- and support-brackets. 

A-2.09 Additional Data.     Pertinent information about a particular flight is recorded 

on its Flight Sheets, a sample set of which is shown in Fi^s. 2.15-2,19.    Together they 

provide a log of flight conditions,  equipment, and personnel.    They must be filled in 

completely and accurately at the time of the flight and should be studied carefully before 

editing and assessing the film.    In particular the flight  sheets are the source of data 

on the bomber's IAS (indicated air speed)*,  its altitude,  and the outside air temperature, 

which are needed to compute TAS (true air speed)* and are  involved in ballistic considera- 

tions . 

Dimensions of the fighter required for stadiametric  ranging and the calculation of the 

hit probability are to be obtained from direct measurement.    Bullet dispersion patterns, 

also required for hit probability are usually found from .jump card tests involving actual 

firing of the specified projectiles from the turret under consideration. 

* A circular slide rule is available for rapid calculation of TAS from IAS, altitude, 
and temperature. 
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The bomber dimensions required for parallax correction are given for the PB4Y-2, 

A. T. No. 14 in its Survey«.      Of necessity they were measured with the  bomber resting 

on the ground, and their use under actual flight conditions involves the tacit assump- 

tion that the fuselage deflections have a negligible effect on tlr*  relative positions 

of the points involved in the parallax correction.    A preliminary test  rhowed that this 

was surely true with respect to cantilever deflections between the bomb bay and tail and 

probably justified with respect to torsion as well.    Apparatus for making more precise 

measurements has been installed but results are not yet available. 

A-2.10 Calibration of Cameras and Lenses.    Film from RAZEL,  gyro,  and other cameras 

which photograph only dials and scales i^ay be read from a projected image of convenient 

size, the exact magnification being of no concern.    However,  in the   ;ase of gun-,  sight-, 

and target-cameras,  which are used primarily to detemine relative directions,  it is 

essential that the relation between the photographed angles and their projected images be 

accurately established. 

If lens distortions are negligible,  it can be shown that there exists a point on the 

projector's optical axis,  called the true-angle point,  from whicn angles as viewed on the 

(flat) screen are identical with the corresponding angles as photographf d-"*. The distance 

from the true-angle point to the screen could be calculated from the projection distance 

and the focal  length of the camera and projector lenses, but in practice these focal lengths 

may vary as much as 10% from their nominal ratings, so that a special teat of each indi- 

vidual lens would be required.    A much more direct test procedure is to photograph known 

angles with each camera lens, project its film with the particular projection system to 

be used, and then locate the time-angle point by trial.    This procedure has been adopted 

for the alignnent of the data-taking and computing devices to be described in Section A-3.06, 

«    See Drawing No. ?lU£-32-2, "Installation in PB4Y-2, A. T. No. IV'. 

** This theorem is proved in the Theory kanual.  Chapter A-5. 
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The first lena calibration-shots, or film teat-atripa RB they are comraonly called, 

were mad« after the cameras had been ir.st&jj.ed in the bomber.    This necessitated an 

accurate and rather arduous leveling of the bomber on jacks, a time-consuming operation 

which had to be repeated whenever new equipment was to be calibrated.    Moreover,  since 

the film has a tendency to shrink with age,  standard practice should require that new 

test-strips be taken at frequent intervals.    Although the original test-strips were used 

successfully, the practical difficulties mentioned above,  together with the  desirability 

of showing more than the one or two knov/n angles which appeared on the first films, moti- 

vated the development of an improved procedure,  of which a detailed description is given 

in the Equipment Uanual-Airborne Installations,    Briefly,  it involves setting up a special 

photo target range which can be photographed by each camera before installation in the 

bomber,  in order to get the desired angle shots.    Then the cameras are installed, after 

which a horizontal reference line and the direction of a reference point fixed relative 

to the camera,  such as the bore-point in the case of a gun-camera, are established by 

means of level shots and position shots, respectively.    Their use in aligning the com- 

puting devices is discussed in Section A-3,ü6 and in the Computer's Manual,   Section F. 

Yhen the bomber is on the runway ready to take off on each flight, a check is made 

on the installations as follows.    Each gunner is instructed to aim the fixed reticle of 

his (Mk 18) sight at some designated point*.    Then a few frames are exposed in all cameras. 

This checks their mechanical operation and also each sight installation,  since the desig- 

nated point should appear at the bore-point of each gun-camera if the sight in the turret 

is properly boresighted^-K,    Unfortunately, however,  the fixed reticle does not show in the 

sight-camera,  so that it is impossible to determine how well the gunner aimed it.    Hence 

*    Originally the top of a water tower was used,  but more recently a special target has 
been erected beside the runway. 

** This is true unless the  fixed reticle has been boresighted with intentional super- 
elevation. 

CONFIDENTIAL 



CONFIDENTIAL s.c A 

the cause of any discrepancy which may be observed between the designated point and the 

bore-point is uncertain. 

Next the gunner is instructed to set the moving reticle at a specified range and 

wing span,  usually the minimum for the former and the maximum for the latter, and a few 

more frames are exposed.    This provides a means of calculating the constant which con- 

verts reticle diameter into sight ran^e (see Section A-2.08).     In practice, however,  it 

was found the.t this constant could be determined more accurately by measuring the wing 

span on the sight film and using the corresponding range from the ranging-camera. 

To determine the conversion constant for the ranging-camera itself, which may be a 

gun-camera,  a ground teat was carried out in which the fighter used in the flights was 

parked on the runway and photographed head-on by the    anging-camera at various measured 

ranges.    This film was taen viewed on the same projection system used to assess the actual 

flight film and wing measurements were taken from the screen. 

A-2.11 Synchronization.    Recalling that the transit-time method is based on a compari- 

son of data at firing and impact times,  it is clear that the instants at which the frames 

of each camera film are exposed must be recorded in some fashion.    For simplicity of inter- 

pretation it would be even better if corresponding frames on the various cameras were 

exposed simultaneously at some specified and carefully controlled speed.    Hence the pro- 

blem of synchronization and timing of the ^&>n«ras requires careful consideration.    The 

many practical difficulties which arise will not be discussed here, but a brief history 

of past experience with the first  "synch   unitJ'will be included.    For a detailed treatment 

of the instrumentation involved the reader is referred to the Equipment kanual-Air borne 

Installation, 

The 35 mm and 16 ran motion picture cameras originally installed in the bomber were 

designed to run at nominal speeds of 24 and 16 frames per second,  respectively,    A mechan- 

ical governor and a vibrator-type voltage control were also provided in an attempt to 

hold the speeds close to these nominal ratings under load conditions which unavoidably vary 
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from camera to camera,    tlach camera waa also equipped with two tiny incandescent lamps 

which exposed when turned on a small portion of the film.    These were controlled by a 

single timing source to give simultaneous flashes (timing marks) in all cameras at regular 

time intervals (see Figs.  2.07 and 2.09.)    They were also used to catalog the several 

attacks on each roll of fiLn by means of a series of flashes (cataloging marks) appearing 

in all cameras at the end of the attacks.    A master control for starting and stopping all 

cameras simultaneously,  insertinp the timing and cataloging marks, aligning the gyros, and 

checking the   aeration of the equipment was installed at the observer's location,  freeing 

the gunners from all responsibility for the operation of the cameras in their turrets. 

In practice a number of difficulties have been encountered with this synch system. 

In the first place there is no way of controlling o^ even recording the relative phases 

of the shutter positions in the various cameras, which introduces an uncertainty of    * 

one frame in the correspondence between time scales from camera to camera.    At 24 frames 

per second this uncertainty amounts to about    1 0»0i». second, and at 16 frames per second 

it is approximately Z 0,06 second.    It will be shown in Section A-2.12 that the time 

tolerance under operating conditions is only Z 0«001 second,  so that this^ initial uncer- 

tainty is a serious shortcoming of the system. 

At first some of the cameras had a tendency to run away, at speeds as high as 40 or 

50 frames per second.    This difficulty has been overcome, but it is still impossible to 

check the speeds in aerial operation, since the character of the timing marks varies from 

film to film.    These variations are due largely to the different shutter phases and the 

differences between individual bulbs with regard to their heating time.    In order to 

determine the best interpretation of the timing marks a bench teet was conducted in which 

the cameras photographed a chronometer while running on the synch system.    It was found 

that the individual frame times were most closely approximated by averaging the number of 

frames over the largest even number of seconds exposed in a particular attack.    This test 

formed the basis for the so-called total-attack averaging method, details of which are 

CONFIDENTIAL * 



CONFIDENTIAL s«. A 

given in the Tneory Manual, Chapter A-6.    It yields conversion tables which give the time 

corresponding to any specified frames for each film and attack. 

Realizing the limitations of the first   synch system,  several possibilities for im- 

proving the accuracy to correspond with the expected tolerances are now under considera- 

tion and development. 

A-2.12 Tolerances.    Since measurements can never be made with absolute accuracy and 

since it is nighly desirable to avoid the expense and effort involved in obtaining and 

maintaining instruments possessing An unnecessary degree of sensitivity and in carrying 

out calculations with unwarranted precision, no discussion of experimental requirements 

can be considered complete until the tolerances of the various steps aw specified.    The 

general method to be applied in su^h an analysis requires first that the individual contri- 

bution of an error in each step to the total error in the firl product be estimated.    In 

order to get an upper bound on these contributions, they are usually determined under the 

least favorable conditions to be met in practice, which requires a knowledge of the condi- 

tions and controls under which the experiment is to be carried out. 

If a formula is available for the desired quantity as a function of the variables 

on which it depends, the contribution of an error in each variable separately, or even 

together, may usually be estimated by means of the differentials. (See any standard 

text on differential calculus). However, in some cases it may be simpler to resort to 

geometrical or physical reasoning, especially when the formulas required for an analy- 

tical estimate an not readily available. Sometimes it may be desirable to conduct a 

preliminary experiment to determine the sensitivity of the procedure to certain of the 

variables or to obtain data on the experimental conditions, 

Wien the individual contributions have been determined, the sum of their numerical 

values will give an upper bound to the size of the total error.    If it is within the 

desired limit of accuracy, the individual steps may all be considered sufficiently accurate. 

Usually,  however, this condition puts unnecessarily close tolerances on the individual 
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errors, since the probability that they will all combine additively is extremely small. 

If they are al] independent, i.e., if a change in any one has no effect on any of the 

others, recourse may be had to the statistical theory of independent errors in which 

their variances are added to get the variance of the total error and this result is 

considered to be normal distribution.* In this way p , the probability thct the total 

error will be less than any specified amount, can be estimated. If p is sufficiently 

close to one, the individual steps may again be considered satisfactory. 

The procedure outlined above can be .sed either to estimate the total error from 

errors in the various steps or to specify tolerances for the latter in terms of the for- 

mer, under the prescribed experimental conditions. It will also indicate which steps 

are most critical in the sense that they produce the largest contributions to the total errors, 

Thus those parts of the procedures most in need of refinement will be brought to light. 

To get an idea of the tolerances in the bomber assessment problem, suppose that the 

desired result is the radial gun-lead error**, and that the experimemual conditions of F. 

C. No. 9 and 14 prevail. Since this result is computed as the difference between actual 

and true gun directione, an error in either will oarry over in itself as an equal error 

in the final result. These directions are specified by their respective components, azimuth 

and elevation, relative to bomber-axes at the turret under consideration and at each spe- 

cified firing time. In the worst case for azimuth, where both elevations are zero, the 

radial gun-lead error equals the difference between the '.wo  azimuths, so that an error in 

either azimuth will carry over as an equal error in the result. Similarly, in the worst 

case for elevation, where the azimuths are equal, the radial gun-lead error equals the 

difference between the two elevations, so that an error in either elevation will appear as 

* See, for example, Jones,"A First Course in Statistics", pp. 236-243» where the case of 
nonnally distributed independent errors is considered, and the more general treatment 
in Uspensky, "Introduction to Mathematical Probability", Chapter XIV, 

** This use of the term "error" is not to be confused with tnat above« 
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an equal error in the result.    Hence the tolerances on the components of actual and true 

gun-directions are certainly no  greater than those of the   radial gun-lead errc;,     To 

be  safe,  each should be considerably less,     tor example,   if the radial gun-lead error is 

desired to an accuracy of ♦ 1U minutes  (of arc), then each azimuth and elevation should 

be held to,   say,  _ 3 or Z+ minutes. 

Considering the possible sources of error in the actual gun direction when measured 

by the RAZEL,   it  appears that the HAZEL scales  should be  scribed  to an accuracy of * 1 

minute,   they should  have verniers permitting easy reading to * 1 minute,  and they  should 

be photographed sharply with enough frames per second to detect significant variations 

in the gun-direction.    Experience indicates tliat twenty frames per second are an adequate 

and convenient number. 

All graphs of azimuth and elevation must : > accurately plotted on an ordinate  scale 

large enough to permit reading the curves to 1 1 minute and an abscissa time scale which 

permits ready detection of the  smallest time interval com spending to an azimuth or 

elevation change of - 1 minute.    This interval depends essentially on the rate of change 

of the gun and target directions during the attack.    At long ranges this rate is generally 

low,  but it usually increases rapidly as the fighter presses the attack home.    As would 

be expected,  the azimuth changes on the flat side attacks of F.  C. No.  9 and 1A are far 

greater than the elevation changes.    An average azimuth rate is perhaps 20° per second 

although it has been observed to reach as high as 60° or 70° per second just prior to the 

breakaway.    Since 20° per second is 1.2 minutes per thousandth of a second, the timing 

should be correct to Z 0.001 seconds and the azimuth abscissa scale large enough to per- 

mit readings to that accuracy*'. 

The final accuracy of the true gun-direction is the result of several factors.    Recalling 

* Under expected future conditions the average angular rate is likely to exceed considerably 
the 20° per second used in this analysis,  in which case timing accuracy should be increased 
accordingly. 
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that it is obtained by applying ballistic corrections to the target direction at, jjijact 

time, it appears in the first place that the target direction itself should be •:   i-rect lc. 

t  1 minute. Hence the computing instruments and procedure for calculating target azi; uti, 

and elevation should be consistent with this required accuracy.  If they are to be found 

from gun-camera and iiAZEL data, the relative tilling of these two cameras should be known 

to * 0.001 second, as stated above. The problem of synchronizing cameras and controlling 

their speeds was discussed briefly in Section A-2.11. 

Secondly, the impact time corresponding to a chosen firing time should oe correct to 

_ 0,001 second, which implies the same tolerance on time-of-flight,  it in turn depends on 

the range, muzzle velocity and ballistic characteristics of the projectile, relative air- 

density, bomber TAS, and 'irection of fire.  However, only the first t^o quantities are 

critical. As for muzzle velocity, the standard for the projectile should be acce;ted, 

although it will actually vary considerably <vith such factors as temperature and age. 

Since the API M-8 projectile travels at am average speed of 8u0 to 900 yards per second 

for ranges up to 1Ü00 yards, the tolerance on range measurements to give time-of-flight 

to 1 0,001 seconu is no greater than 1  1 yard. 

As discussed in Section A-2.07, the attitude of the bomber-axes at impact tine may 

differ fiom that at firing time, so that measurements of the roll, yaw, and pitch must 

be taken and applied. If the target is abeam, an error in roll will carry over as an 

equal error in true gun elevation; if it is at azimuth 0° or 180°, pitch will do likewise; 

and if it is at elevation 0°, an error in yaw will appear as an equal error in true gun 

azimuth. Hence the tolerances on the metsurements of and calculations with roll, yaw 

and pitch should be individually correct to * 1 minute. 

Finally the ballistic corrections which allow for the projectile's deviation from 

a straight path should be accurate to - 1 minute, since they apply directly to the true 

gun direction. 

The preceding discussion of tolerances is not intended to be complete in all details 
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but  ratlmr to indicate the sort of analysis required,    A more complete listing of .u.« 

sources of error in the  F,  C,  No.  9 and L/+ experijuents will  be given later. 

I 
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CHAFThH A-3 

COMrUTING INSTRUÜENTS 

Sec. 4 

A-3.01 l.iotlvation for tne CHADLtSj GLLOK, und PLAXIE. In order to use the information 

on L!ie relative positions of the target- and bore-points provided by the gun-caii;era filjn 

it is necessary to oroject or view it in some fashion and take measurements from its 

image on the screen. One way is to scale the position of the target with respect to the 

bore-point in linear dimensions. 3ince the desired data are usually the target azimuth 

and elevation relative to turret axes knowing the ,jun azimuth and elevation, or vice 

ver.^a, additional computations, either numerical or graphical or both, are required. An 

economy can therefore be effected if these results can be read directly from the screen, 

thus combining the measurements a  computation into one step.  An instrument called the 

CRADLI'i (Figs, J.Oli,  3«02, and 3.03) has been constructeu for this purpose and is described 

in Section A-3.03. mathematically it merely performs the special rotation of axes involved 

in converting screen position into the desired azimuth and elevation. 

The necessity of compensating for changes in the bomber's attitude, usually over the 

time-of-flight interval, was mentioned in Section A-1.0/+, and the roll, yaw, and pitch 

which specify the attitude at any instant were discussed in Section A-2.07. To carry 

out these corrections without recourse to lengthy numerical alculations involving trigo- 

nometric formulas, an instrument called the GLOOK (Figs. 3»04 and 3.05) has been built. 

It is described in Section k-J.^jL*1,    Like the CrtADLE it performs a rotation of axes, but 

it has more degrees of freedom and hence will handle more general rotations, as are 

required in roll, yaw, pitch corrections and also in reading target data from tri-camera 

film when the tri-camera mount hes an arbitrary position. 

Likewise, to carry out parallax corrections without recourse to extensive numerical 

Tne ■uV.G-M gnomonic chart provides an alternate, graphical method of performing these and 
other caiculat; •m..  Soe /J *,-'■  No. 3p, "Gnomonic Charts", by A. A. Albert, and AMG-N 
ilo, 62, "Aivlanual for the Us':; of Gnomonic Charts", by A. A. Albert. 
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or graphical computations, an instrument called the PLAXIE (Fig. 3.06 and 3.07) has 

been constructed. It is described in Section A-3.05. Lletheraatically it performs the 

translation of axes involved in moving from one position on the bomber to another. 

A-3.UÜ Features in Common, .«ith regard to their uses as calculating machines, the 

CRADLE, GLOOK, and PLAXIE all belong to the analogue type; i.e., they "reenact the crime 

or set up in miniature a geometrical situation similar to that which exioted at the flig 

time under consideration and from which the desired data may be extracted. It has been 

found most helpful in devising and understanding the procedures for using the instrumei 

to keep this fact in mind and to interpret each step geometrically in terms of the corre- 

sponding actual situaticn". in the air. 

The heart of each of these Uiree instruments is a surveyor's transit (Fig. 3.(^8), 

which is admirably suited to the measurement of a direction in terms of its azimuth and 

elevation as defined in Section A~2.Ü3. A thorough understanding of the operation of a 

transit is requisite to the successful use of the CRADLE, GLOOK, and PLAXIE. Therefore 

the reader is advised to become familiar with Section G of the Computer's Manual, where 

the operating parts and adjustments of the transit are explained. For convenience the 

transit's eyepiece has been replaced by a light cell which projects an image of the tele- 

scope's crosshairs onto the screen, thus eliminating the necessity of looking through the 

telescope. 

No attempt will be made here to discuss the details of the design and construction 

of the CRADLE, CLOCK, and PLAXIE. Important as these matters are, one need not understand 

them to use the instruments successfully, although a general appreciation of the engineering 

features will help avoid harmful and incorrect practices. 

As stated in Section A-3.01, the CRADLE, GLOOK, and PLAXIE were first conceived to 

meet special assessment needs. However, in view of the fact that they perfonr. the basic 

mathematical transformations of rotation or translation of axes, it is not surprising that 

other uses should arise. Step-by-step procedures for these applications, insofar as they 
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apply to assessment problems considered to date, are included in the Computer's Manual. 

A-3.03 Theory of the CRADLE. To understand the manner in wnich the CiiADLL; is con- 

structed and installed, consider the problem of assessing film from a boresiphted gun- 

camera mounted in a turret whose guns move in azimuth and elevation-. Assume that the 

optical center of the camera is at the turret center 0 (Fig. 3.U9), and let its optical 

axis have the direction OG . Then suppose that the gun azimuth o<.fc and elevation f fc 

are known at an instant when a picture is taken showing the fighter attacking the bomber. 

This picture may be visualized as recording the intersection T of the line of sight from 

0 to the target (fighter) with a plane tangent at G to a sphere whose center is at 

0 and whose radius is some convenient length OG , The problem is to find the target 

azimuth «c and elevation tT , 

Now suppose that the film has been developed and is projected onto a flat screen as 

shown in Fig, 3.03, with the CRADLE slid out of the way. To avoid distortion, it is 

necessary that the projector's optical axis be perpendicular to the screen and that the 

point G , which was on the camera's optical axis, be also on the projector's optical 

axis. In addition, to specify the position of the picture completely, the coordinates of 

some other point or the direction of some line on the film must be known. Suppose that 

the "horizontal" line AB through G is used for this purpose and that its image has 

been made to coincide with the horizontal screen line passing through the screen center, 

which is defined as the intersection of the projector's optical axis and the plane of the 

screen^* «Vith the picture in this position let the target point be marked on the screen 

and the projector then turned off. 

* Except for the fact that the two axes of rotation do not quite intersect, the t-iartin 
crown-turret is an example of this type (see Section A-2,03). 

™ In practice the proper positioning of the images of the point G and the line AB 
on the screen is accomplished by aligning the picture to the black framing marks 
shown in Figs. 3.02 and 3.03, using the projector adjustments. The way in which 
these framing marks are obtained is discussed in Section A-3.06. 
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Next,  imagine a transit  installed with its center*    at the true-angle point  (see 

Section A-2,10) and aligned so that its azimuth and elevation scales both read U0 when 

the telescope is  pointed at the screen center.    Also suppose it  to be leveled so that 

its elevation axis lies in a horizontal Diane and its azimuth axis  is vertical.    In 

this  position the  telescope will trace the  image of the  horizontal line    AB    on the 

screen when the elevation scale is set to read 0    and the transit  is rotated in azimuth 

only.     Fig.  3.09 can be  used  to represent  the geometry of this  situation if the  transit 

center is taken at    0    and the screen is imagined to be tangent to the sphere at    C 

instead of    G    and with    AB    lying in the XOY-plane.    In this position the transit can 

be used to read correct angular locations  of points on the  screen relative to the center, 

but it does not yet read the desired azimuth and elevation of any point, in particular 

the target point    T    .    Une way to make it do so would be to nold the transit, fixed and 

revolve the whole  screen first through the azimuth angle   att and then through the eleva- 

tion angle   tfc  ,  keeping its center on the sphere and the line    AB    parallel to the 

horizontal XOY-plane, thus bringing it to the position shown in Fig.  3.09.    Then the 

transit scales would read  x^ and    fc^ ,  respectively,  if the telescope were pointed at 

G    (now the screen center),  and the desired  <,. and   tT   could be read from the scales after 

pointing the telescope at    T    .    Thus the problem would be solved,  but a moment's reflec- 

tion will bring to mind the difficult mechanical problem involved in constructinr either 

a spherical screen of sufficient size or a flat screen which can be moved around on a 

sphere.    It is much simpler to keep the screen fixed and reposition the coordinate system, 

first by rotating the transit azimuth axis through the angle -£6    and about    0    in the 

OGZ-plane and then rotating the line of 0° azimuth about the azimuth axis through the 

angle -«-^    ,    The  first rotation of the transit must take place about an aixis through    0 

and parallel to    AB    ,. which is precisely what the CRADLE is design   ' to do.    The second 

* The transit center is the intersection of the transit azimuth and  elevation axes, which 
are its axes of rotation in azimuth and elevation, respectively. 
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rotation is accomplished by means of the transit's lower azimuth aijustnent*, which 

rotates the telescope in azimuth without altering the scale reading. 

To meet the requirements stated above, the CHADLE possesses a transit mounted in e 

swing or cradle (whence the name) permitting the whole transit to be rotated about a 

fixed horizontal axis called the CRADLE axis when the lower elevation control wheel is 

turned (see Fig, 3.01).   This axis is designed to pass through the transit center and 

to be perpendic'ilar to its azimuth axis. Note that the transit center remains fixed re- 

gardless of the direction in which the telescope is pointed, unless the carriage (Fig, 3.01) 

is moved, 

<ihen  the CHADLE is installed in the operating position shown in Fig. 3.02, the 

transit center is located at the true-angle point and the CRADLE axis is not only hori- 

zontal but also parallel to the screen, so that it will be parallel to AB. Detailed 

procedures for setting the CRADLE, projector, and screen in their proper relative positions 

are given in the Equipment kanual-Ground Installations. 

In practice the transit is brought into the proper position for reading the correct 

azimuths and elevations by setting the azimuth scale to read «<-fc and the elevation scale 

to read t^ and then using the lower azimuth adjustment and the lower elevation control 

to aim the telescope at G without altering the azimuth and elevation scale readings. 

This effectively fixes the coordinate system. Then the telescope may be aimed at any 

point on the screen using the upper azimuth and elevation adjustments (which change the 

scale readings but do not alter the coordinate system) and the desired azimuth and ele- 

vation of that point read directly from the scales, Cotaplete details will be found in 

the Computer's Manual, Section H, together with the directions for solving other problems 

by means of the CRADLE. 

It was assumed above that «^ and tfr were given. However, the CRADLE may also 

* See Section G of the Computer's Manual 
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be used in problems where they are not known, provided the azimuth and elevation of some 

other point, say T , on the screen are given. In this case the coordinate system is 

fixed as described above but with T , <<.   ,    tT , substituted for G , «>t, , and C  , 

respectively, after the film aas been properly positioned on the screen. This procedure 

is useful, for example, in finding oc  and t when »c^ and t are known,, 

It should be emphasized that the CRADLE was designed especially for analyzing film 

from a boresighted gun-camera mounted on a turret whose guns move in azimuth and elevation. 

In Section A-2.Ü5, the fact that it is often desirable to "offset" the gun-camera by ro- 

tating its optical axis an approximate amount in the expected target direction was men- 

tioned. The problem of assessing film from such an offset camera is considered in the 

Theory Manual, Chapter A-7. If the offset happens to be an angle e in elevation only, 

the CitADLE can still be used if t. ^ is replaced by t ^ ♦ e in the operations dewcribed 

above. Usually, however, the offset will be partly in azimuth as well as in elevation. 

As shown in Chapter A-7 of the Theory Manual, a rotation of the whole CRADLE about a 

vertical axis through the transit center (true-angle point) is then required. This leads 

to the suggestion that the CRADLE be mounted on a horizontal turntable. Such a modified 

CRADLE is called a SEMI-GLOOK. since it lacks only one rotation of being a GLOOK. There- 

fore a GLOOK itself could be used for this purpose. 

In the case of a turret whose guns do not move in azimuth and elevation the problem 

of an offset gun-camera will be handled somewhat differently. For example, a procedure 

using both a CRADLE and a GLOOK has been worked out for an Erco port waist-turret whose 

gun-camera is offset in the traverse plane only. The details are described in the 

Computer's Manual, Section I. 

One practical difficulty with the CRADLE analysis is that the gun-camera cannot 

ordinarily be mounted with its optical center at the turret center. Instead it may be 

displaced by as much as four feet. An investigation of the errors introduced will be found 

in P14E Uerao 40, where it is shown that they are r. --ligible for the cases commonly encounterec 

in practice. 
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A-3.04. Theory of the GLUOK. The GLOOK, shown in Fig. 3.0k,  was first conceived 

as a computing instrument to correct the measured «t^ and L^  for the unavoidable rota- 

tions of the turret-axes X^Y^Z^ caused by changes in the bomber's attitude during flight. 

(Section A-2,07.) To see how these corrections are handled, imagine a set of rectangular 

coordinate axes with their origin at the turret center 0 and fixed in the sense that 

they do not rotate with the bomber but always remain parallel to their original directions, 

which nre taken as the directions to which gyros are initially aligned. Hence, these 

fixed axes are called the gyro-axes XQYQZQ . They translate with the bomber, keeping 

their origin always at the turret center, but they do not rotate. 

Now «L and ^ are measured with respect to the turret-axes, whose orientation 

with respect to the gyro-axes at a given instant is measured by the reading'.' on the three 

gyro dials at that instant. The principle of the GLÜOK is merely to duplicate this orien- 

tation, then locate and hold the target direction with respect to ^he turret-axes/ and 

finally read off the desired azimuth and elevation of this direction with respect to a set 

of fixed axes, say the gyro-axes themselves to be specific. For this purpose tha GLOOK 

first of all has a transit to measure azimuth and elevation (Fig. 3.04),   To get this 

transit into the desired orientation with respect to the X^Y^ZQ-axes, it is mounted on a 

partial circular bearing called the rocker, which permits a rotation of the whole transit 

about an axis through its center. This axis is called the rocker axis. The rocker in turn 

is mounted on another partial circular tearing called the saddle, which pennits a rotation 

of the rocker and transit about an axis (the saddle axis) through the transit center and 

perpendicular to the rocker axis*-. Finally, the saddle rides on a circular plate called 

the turntable, which permits a rotation of the saddle, rocker, and transit about an axis 

(the turntable axis) through the transit center and perpendicular to the saddle axis, .ihen 

* Circular bearings are used instead of gimbals on the GLOOK to minimize the probability 
that the telescope will point at some solid part of the GLOOK. The motion obtained 
would be the same in either i.ase, except that the length of the partial circular bearings 
restricts the amount of rotation possible. 

CONFIDENTIAL 35 



CONFIDENTIAL s«. A 

installed for operation (Fig. 3.05) the turntable axis is vertical, so that the saddle axis 

is horizontal. Roc ;er, saddle, and turntable all have scales and verniers for measuring 

their angular positions to the nearest minute. Their order from top to bottom may be 

easily remembered by noting that their first letters (r s t) form an alphebetical sequence. 

From the fact that rotations in spoce are not commutative, i.-e., rotations performed 

in on^* .sequence are not in general equivalent to the same rotations perforradd in a 

different sequence*, it follows that great care must be taken to carry out the rotations 

in the proper order. Let us illustrate by a specific example. Suppose that the orienta- 

tion of the turret-axes with respect to the gyro-axes is specified by three angles, viz., 

yaw, roll, and pitch in the order YRP . Tnis means that the gyro-axes would be trans- 

formed into the turret-axes by a yaw through the angle Y , followed by a roll through 

the angle R , followed by a pitch through the angle P **, Note carefully that first 

the yaw.takes place about ZQ and carries XQ and YQ into new axes which will be 

called X1 and Y' respectively, (See Fig. 3.10). In this set of rectangular axes 
G      G 

Z1 is coincident with Zr    . Next the roll takes place abjut Y1 and carries X1 into 
G r' G G 

X"  and Z' into Z"  , where Y"  is coincident with Y'  , Finally, the pitch about 
G       G       G G G 

X"  rotates Y'1  and Z"  into new axes which must be Yt and Z^ respectively. Also 

X'!  is coincident with Xt . In passing it may be worth noting that the procedure just 
G 

described was used by Euler to derive the formulas for the coordinates of a point with 

respect to one set of axes in terras of its coordinates with respect to a rotated set of 

axes and angles equivalent to Y , R , and P ***. The GLOOK eliminates the rather 

lengthy calculations which would be involved in using these formulas. 

*  See, for example, Lamb, "Higher Uechanics", p,^, 

•** As mentioned in Section A-2,07, these angles are not in general equal to those measured 
on the gyro dials but are obtainable from them, 

**♦ See, for example, Ames and Kumaghan, "Theoretical Uechanics", pp. 80, 81, 
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To perform this transformation on the GLOOK, imagine the common origin of both sets of 

axes to be at the transit center, let ZQ coincide with the turntable axis and YQ 

initially with the saddle axis, and set the rocker axis perpendicular to the turntable axis 

by moving the saddle if necessary, so that 1Q    can be made to coincide initially with the 

rocker axis. In this position the rocker, saddle, and turntable scales should all be set 

to read 0 , the tranpit must be levelled so that its azimuth axis coincides with the turn- 

table axis, and its azimuth scale must be set to reed at 0° with t.he telescope pointing 

along the saddle axis in the positive IQ direction. Starting from this position, rotate 

the turntable through the angle Y , Since the rocker and saddle ride on the turntable, 

their axes will be brought thereby into coincidence with X' and Y'  , respectively. The 

transit azimuth axis will remain coincident with Z  or Z'  , but its telescope now points 
G G 

along    Y*     .    The next rotation,  the roll about    Y'     ,  can then be performed by turning 
G G 

the saddle through the angle    R    .    Since the rocker and transit ride on the saddle, the 

rocker axis will be carried irto coincidence with    X'1   and the transit azimuth axis into 
G 

Zi1      .    Finally, the pitch about    X^,1     can be accomplished by turning the rocker through the 

angle    P    , thereby bringing the transit azimuth axis into coincidence with    Z*    and its 

telescope with   Y^    .    In these three steps the transit is brought into position to read 

azimuth and elevation with respect to the turret-axes. 

The next stap is to set the given «C   and  £     on the transit azimuth and elevation 

scales, respectively,  xn which case the telescope will point along the target direction. 

To hold this desired direction,  it is only necessary to mark the point where the projected 

transit crosshairs strike a convenient screen,  since the transit center is fixed regardless 

of the setting on its scales or those of the rocker,  saddle, and turntable.    At first 

thought a screen completely surrounding the GLOOK would seem to be required in order to 

cover all possible target directions, but a far simpler alternative is to use a narrow 

screen and provide a means of rotating the turntable and everything above i+. about a 

vertical axis through the transit center.    For this purpose the GLOOK poasesses a ring 
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(Fig. 3.0U) whose axis coincides with that of the turntable,  on which the latter can be 

rotated until the crosshairs fall on the circular center line* of the narrow curved screen 

shown in Fig,  3•05.    Next this point is marked, most conveniently by merely aiming an 

auxiliary transit so that its crosshairs intersect the same point on the screen.     If the 

rocker,   saddle,  and turntable are then returned to their original zero positions without 

moving the ring,  the desired stabilized azimuth and elevation,   i.e.,  the azimuth and ele- 

vation with respect to the gyro-axes,  can be read from the transit scales when the tele- 

scope is re-atmed at the marked point on the screen. 

In practice the stabilized azimuth and elevation can be obtained with fewer GLOOK mo- 

tions if they are read from the ring scale and the auxiliary transit's elevation scale 

respectively,  which eliminates the final  zeroing of the rocker,  saddle, and turntable.    To 

perform this task correctly, the auxiliary transit must be aligned with its azimuth axis 

parallel to the    urntable axis and its elevation axis always coincident with the line 

through the GLOOK transit center perpendicular to the plane of the circular center line of 

thecurved screen.    Hence the azimuth adjustments of the auxiliary transit are used only in 

the process of bringing the elevation axis into proper adjustment and are not touched there- 

after.    The distance between the centers of the auxiliary and GLOOK transits is  immaterial 

and may be determined purely by convenience.    Since the telescope of tha auxiliary transit 

moves in a plane parallel to but not coincident with the plane of the screen's circular 

center line, a flat mirror ^s attached to the objective lens in order to reflect the cross- 

hairs onto the curved screen.    This mirror must be adjusted so that its plane is perpendicu- 

lar to the plane through both transit telescopes when they are parallel to each other.    The 

latter plane will then contain the reflected beam from the auxiliary transit so that it 

will read correctly the stabilized elevation of any point on the screen.    In practice the 

mirror adjustment is checked by comparing the elevation of any screen point as read from 

The center of this circular arc is the transit center. 
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the auxiliary and GLOOK transits when the latter's azimuth axis coincides; with the turn- 

table axis. 

Once the order YRP was prescribed as above, these angles had to be set on the turn- 

table, saddle and rocker, respectively, although which setting is made first is of no 

consequence. To illustrate the fact that no other arrangements of the setting are possible, 

suppose that we try to set the roll on the rocker instead of the saddle, after first 

aligning YQ with the rocker axis and X« with the saddle axis. As before, the yaw will 

carry these axes into Y1  and X'  , respectively, so that the rocker axis will now be in 
G G 

the  correct position to handle the roll »bout    Y1     .       However,  since the  saddle  is below 

the rocker,  it i axis does not rotate into    X"     during the roll,  so that the saddle axis 

is not carried into the correct  position for the  pitch,   which must take place about    X"    . 
^"—■ G 

Therefore,  this arrangement  is not permissible.     However,  the reader  should verify that 

it would have been correct  ii' the specified order  had been    YPR    instead  of    YHF    ,     In 

t lat case the only other chanpe in the procedure would have been to  set the transit with 

its  line of 0   azimuth coincident with the rocker axis instead of the saddle axis. 

Theoretically,  by aligning the transit  in other ways initially,   it  is  possible to use 

the GLOOK in any of the other four orders (PRY,  PYK, RPY, and HYP).    Note that all four 

start with either    P    or    R    ,  which would require that the transit azimuth axis be set 

initially perpendicular    to    the turntable axis,  in order to align the latter coincident 

with either    Xp    or    Yp    .    This would involve tipping the transit on its  side by turning 

the rocker or saddle through 90° from the initial position required by the order    YPR    or 

YRP    .    As the GLOOK is now constructed,  the rocker and saddle motions are limited to 90 

or less on each side of the transit's level position.    Hence to tip the transit on its side 

would either put the GLOOK in an awkward operating position or be impossible.    Cantilever 

deflection    of the transit telescope,  likely in this position,  is another practical difficulty. 

For these reasons, only the orders    YRP    and    YPR    can be considered satisfactory.    In 

passing it may be noted,   however,  that the orders    PRY    and    RPY    could be conveniently 
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handled if the transit's lower azimuth ring were equipped with a scale sindlar to that on 

its upper azimuth ring.    Then yaw,  which is last in order,  would be set on this  scale 

instead of the turntable .•,1- 

Instead of stabilizing to the gyro-axes as described above,  it is often desirable to 

find the azimuth and elevation of the target direction with respect to the turret-axes at 

a chosen  firing-time when they are  kno\ n with respect to the  turret-axes at the  corres- 

ponding impact-time.    This problem is called local stabilization,  since the results are 

referred to a set of axes which are generally changing with time.    The procedure is  identical 

with that given above up to the marking of the point on the screen, using the known values 

of    Y    ,     H    ,     F    ,   ,(.    ,  and   t     at impact-time.     Then the  GLOUK  is reset to the  values 

of    Y    ,    R    ,  and    P    at fa ring-time,  its transit telescope re-aimed at the screen point, 

and the desired azimuth and elevation read from the transit scales. 

The GLOOK may also be used to read certain data directly from film projected onto its 

flat acreen (Fig. 3.05).    For this purpose it must be aligned in a ;:ianner similar to that 

employed for the CRADU, (Section A-3,03).    In fact,  it can be used to perform the same 

functions as the CHADLS by using only the saddle or the rocker.    If the turntable is used 

with either the saddle or the rocker,  the GLOOK is equivalent to the SEUI-GLOGK mentioned 

in Section A-3.03. 

Because of  its versatility in handling general rotations,  the GLOOK has many uses in 

addition to those already discussed.    For example,   it can be employed to read target 

azimuth and elevation with respect to bomber-axes at the tri-camera location directly from 

tri-camera film projected onto the flat screen, no matter how the position of the mount 

was set.    The operating details of this and oth^r problems in which the GLOOK has been 
i 

used to date are given in Section I of the Computer's Manual. Routines for other problems 

involving rotations of axes can be worked out as needed. 

Certain additional modifications in the procedure would also be required. 
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A-3.05. Theory of the PLAXIE.    It  has been stated above that the CRADLE and GLOOK 

are designed to handle problems involving rotations of axes without translations,  since 

these instruments keep the transit center, the origin of the axes, fixed during all opera- 

tions carried out in reaching the desired solutions.    On the other hand, the parallax 

corrector,  nicknamed the PLAXIE (Fig. 3.06),  is designed to perform translations of axes 

without rotations.    The necessity for such translations arises characteristically in 

cases where the direction to some point (usually the target point on the fighter) in space 

is known at some bomber location and desired at another. 

A typical example of Miia kind of problem is shown in Fig.  3.11(a), where oC^, and 

fc'   , the azimuth and elevation respectively of the target direction    O'T    , are assumed 

known with respect to bomber-axes    X'Y'Z'    with origin at the optical center of one of 

the tri-cameraa.    The azimuth and elevation,  <<    and  ^   respectively, of the target direc- 

tion   OT    are to be calculated with respect to the XYZ-axes of the Martin forward crown- 

turret, where it will be recalled that the X'Y'Z'-axes are respectively parallel to the 

XYZ-axes (Section A-2.03). 

By surveying the bomber the rectangular coordinates (a, b,  c) of    0'    with respect 

to the XYZ-axes are determined, and from them the corresponding spherical coordinates 

(h, ^.   ,   t,   ) can be easily computed,  using the formulas. 

h =F   a2 * b2 ♦ c2 

tan ^ = a/b 

sin c  = c/h , 

where care must b« taken to put  °<-, and   Li   in the proper quadrants.    Assuming the bomber 

to be a rigid body,  these quantities are all constant.    Also needed is the range    r    of 

T    from    0    or    0'    , say the former as shown in Fig. 3.11(a).    It is not constant but in 

general varies with time. 

The  PLAXIE solves this problem basically by establishing the triangle    00'T    of 
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Fig. 3.11(b) siaiilar to the triangle OO'T of Fig.  3.11(a).    To this end it has a transit 

mounted on a block which can ba slid along an arm which can be inclined at the angle    t, 

to the horizontal (Fig. 3.06).    After the arm has been set at this inclination,  the tran- 

sit can be levelled and its azimuth scale adjusted to read «*-,   when its telescope is 

pointed in the    O'OZ-plane*.    In this position the transit will read correctly the azimuth 

and ele/ation of its telescope direction with respect to axes parallel to    X.YZ 

Like the GLOOK,  the PLAXIE installation  (Fig.  3.07)  includes a narrow curved screen, 

whose center line is a circle with center at    0    and radius    JL   (Fig.  3.11(b)).    The next 

step is to locate the transit center at    0    ,   by sliding the transit along the am and, 

if necessary,  raising or lowering the turntable base (Fig. 3.06) by means of the gearing 

provided**.    In this position the adjustable linear scale on the arm should be set to 

read zero. 

The transit is now in position to read the desired   o^.  and    tT ,   but first the point 

T    specifying the target direction must be located on the screen center line.    For this 

purpose the transit must be slid along the arm a distance    d    to    0'     (Fig.  3.11(b)), where 

it will be located properly to read  «^ and    t'T .     From the similarity of the triangles it 

follows that    d/i - h/r    ,  so that    d = K/r    where    K ■ h i     .    Since    K    is constant,    d 

varies inversely with    r    . 

With the transit center at    0'     ,  its azimuth and elevation scales are set to read 

ö<-'    and    l-'-j-f  respectively.    As in the case of the GLOOK, the necessity for an extensive 

screen is eliminated by mounting the PLAXIE arm on a turntable (Fig.   3.06) which permits 

rotation about a vertical axis through    0   until the telescope crosshairs fill on the screen 

ctice this alignment is accomplished by setting «A.,  on the azimuth scale and then 
the elevation and lower azimuth adjustments to point the telescope at a line scribed 

axuag the center of the arm.    Thereafter the lower azimuth adjustment is not altered. 

** The details of this adjustment are described in the Equipment k/anual.  Ground Installations. 
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center line.    This point    f    (Kig.  3.11(b)) is then marked,  again most conveniently by an 

auxiliary transit  (Kig.  3.(-7),  after which the transit is slid back to    0    ,  the telescooe 

re-aimed at    T    ,  and the desired   <*^ And   £T  read from its  scales.    Thus the  parallax 

correction problem is solved for a given instant of time.     The procedure may now be re- 

peated for other times, where    r    ,    d    ,   <*-'T , and   L^ will in general be different.    Notf 

however,  that the settings for   •<.,    and    *.. and the constant    K    are fixed for a given paral- 

lax problem 

In the problem just described the azimuth and elevation were known at one point  (C) 

while the range was given from the other (0).    Sometimes the parallax problem is met in a 

slightly modified form,  in that the azimuth,  elevation and range will all be given at the 

same point,  say    0    , and the azimuth and elevation at    0'     are desired.    An example is 

the  problem of paraliaxing target data from the uartin forward crovm-turref to the Krco port 

waist-turret, with range, azimuth,  and elevation of    T    given at the former.    Here the 

procedure must be altered by setting the given azimuth and elevation into the transit at 

0    instead of    0'     , marking    T    as before, and then moving the transit out to    0'     ,  from 

which position the desired azimuth and elevation may be read after re-aiming the telescope 

at    T    .    Care must be taken to analyze each parallax problem encountered to determine the 

type to whicn it belongs.    A convenient criterion is obtained from the observation that 

side        must correspond to side    r    in the similar triangles    00'T    of Figs, 3.11(b)  and 

3.11(a).    This implies that the center    0    of the curved screen must correspond to the 

point on the bomber frou which range is given. 

It must be emphasized that the PLAXIK can be used to correct only directions and not 

distances  for parallax.    Thus in either of the problems described above it could not be 

used to find the range    r'     from    0'    to    T    (Fig. 3.11(a))*»    It  should be observed in 

* This  statement is true as the PLAXIh is now constructed.     If it were equipped with an 
attachment for measuring the distance   f   from    0'    to    T    (Fig.  3.11(b)),    r1     could 
be  calculated from    r' - r i'/jj   . 
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this connection that the difference between    r    and    r'    is small, being at most the dis- 

tance    h    between the two positions, and that in practic3 the side    h    of triangle    00'T 

(Fig. 3.11(a)) is also small compared to    r    and    r"    .    These facts led to the thought 

that a sufficiently accurate correction to convert    r   into    r1    can be obtained without 

elaborate calculation.    This topic is discussed in the Theory Manual,  Chapter A-8, w'.iere 

tables of this correction for particular parallax problems are given. 

The step-by-5tep procedures for some specific PLAXIE problems are given in the Computer's 

tianual,  Section J, 

A-3.06, The Use of Film Test-Strips.    In connection with the problem of taking data 

directly from a projected film by means of tne CRADLE or GLOOK,  it has been mentioned that 

the proper alignment of the picture on the screen was accomplished by using the so-called 

framing-marks (Section A-3.03).    It was also pointed out that the projector ,  screen, and 

CRADLE or GLOOK must occupy correct positions relative to each other (Sections A-2.10 and 

A-3.03).    Some of the requisite adjustments are made in the course of installing and check- 

ing the equijment,  so that they are properly the responsibility of the maintenance crew. 

The remainder,  including the location of the framinr , will now be described with the 

CRADLE and gun-camera film as a specific example, .st be made by the computing staff 

under the direction of the supervisor before the data-taking begins. 

In the first place the supervisor must be  satisfied that the equipment has been in- 

stalled and checked by the maintenance crew to comply with the following conditions; 

(1) The flat screen is in a vertical plane. 

(2) The projector's optical-axis is horizontal and perpendicular to the screen 

at its center, as defined in Section A-3.03. 

(3) The  screen center is marked and sharp horizontal and vertical lines are 

drawn through it on the screen, 

(4) The projector is at approximately the distance from the  screen which will 
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result in the largest image which is still sharp, clear, and entirely on 

the screen^, 

(5) The cradle axis is hor.zontal and parallel to the tcreen,  i.e.,  this axis 

is parallel to the horizontal screen line through the screen center. 

(6) ./hen in operating position, the CliADL^1? transit center lies on the 

projector's optical axis and is approximately at the true-angle point for 

the problem to be solved, withing the extent of the adjustment on the 

projector v/hich permits it to be translated along its optical axis**. 

Detailed procedures for installing the equipment in accordance with these requirements and 

routine checks to assure that it remains there are given in the Equipment Manual-Ground 

Installations, 

The next step is to locate the transit center exactly at the true-angle point, using 

the angle-shots (Fig. 3.12)  for the particular camera and lens under consideration.    For 

convenience, the CRADLE is kept fixed and the projector adjusted by moving it along its 

optical-axis (Fig, 3.03),  so that the process rsally involves bringing the true-angle point 

into coincidence with the transit center rather t mn the other way around.    The following 

sequence of operations shows how this can be done: 

(1) Starting with the CRADLE in operating position (Fig, 3.02) and its transit 

reading    0    in both azimuth and elevation wh'jn the telescope pointt at the 

screen center, lay off angles in azimuth equal to those between the center 

target and the other targets, as measured directly on the photo target-range, 

(These values should accompany the angle-shot film).    Each angle will thus 

*    For 35 «an film photographed with a 2 inch lens and projected with a 3 inch lens, this 
projection distance should be about 150 inches, 

** The distance from the true-angle point to the screen can be estimated by applying the 
condition that its ratio to the projection distance very nearly equals the ratio of the 
focal lengths of the camera and projector lenses, respectively,    (This fact is proved 
in the Theory Manual,  Chapter A-5).    Thus for the case mentioned in the footnote to 
(4) above, the transit center should be about 100 inches from the screen, which is the 
installation shown in Fig, 3.02, 
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determine a point on the horizontal screen line; mark and label it in the 

üame way that the corresponding target was designated on the photo target- 

range, 

(2) Slide the CRADLE out of the way and project the angle-shot film onto the 

screen.    Use the projector adjustments to focus  the picture, to bring the 

line of targets onto the horizontal screen line, and to niake the center tar- 

get coincide with the screen center.    If, as should have been the case,  the 

camera was pointed toward the center target when the angle-shot was taken, 

the image of this target will now appear near the center of the picture. 

Strictly speaking, the picture should be centered on the screen, but the 

distortion is negligible for a displacement not exceeding a few inches.    In 

doubtful or more extreme cases, the target points marked on the screen in 

(1)  should be translated so that the picture can remain centered. 

(3) Move the projector forward or backward on its base and adjust the position 

of the picture as required until the images of the targets coincide with 

the corresponding target points marked on the screen.    In this process tho 

picture must be kept in as sharp focus as possible.     It is worth a litt "'s 

extra time and effort at this stage to get the best focus,  since it must 

not be changed hereafter. 

(A.)  Carefully tighten the focusing set-screws and the lock-nuts which clamp the 

projector to its base. Also mark this projector position,  so that it can be 

reset without repeating the angle-shot procedure.    Check the position of the 

picture on the screen to be  sure that it has not changed, 

(5)  Next use the projector adjustments to realign the picture until it is cen- 

tered on the screen and its longer sides are vertical.    Then return tha 

CRADLE to the operating position and measure the angles to the points where 

the edges of the picture cross the horizontal and vertical screen lines. 
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Tabulate these angles for future reference;  they can be uüed to test film 

shrinkage if the process is repeated from time to time. 

Having used the angle-shots to locate the projector properly,  the framing-marks (3ec- 

tiou A-3.C3 and Figs.  3.02 and 3.03) are put on the screen in the following steps: 

(1) Project onto the screen the level-shot film (Fig. 3.13)  for tue particular 

lens and camera,  say a gun-camera,  under consideration.    This film shows a 

picture of the horizon taken when the turret azimuth ring,  i.e., the XY- 

ple.ne was level and the guns were approximately level.    Hence the horizon 

will appear near the center of the picture although not necessarily passing 

through it.    The image of the horizon only specifies a direction on the pxc- 

ture wnich must be parallel to AB (Fig. 3.09) since both are parallel to the 

XY-plane. 

(2) flotate the picture until the image of the horizon is parallel to the hori- 

zontal screen line.    Then center it by means of the translation adjustments 

on the projector, keeping the horizon level. 

(3) Outline the edges of the frame carefully and uniformly with strips of bla'k 

adhesive tape* to form the framing-marks.    Short strips of tape,  spaced at 

inUrvals, are better than a solid boundary, because the edge of the picture 

can be seen between them.    In addition,  it is usually desirable to trace 

tne fiducial marks on the screen in pencil. 

If the gun-camera was boresighted, the bore-point on the screen should now be at its 

center.    To check the boresighting accuracy or to locate the bore-point on the screen in 

the case of an off-set camera, a position-shot (Fig. 3.14) is generally taken just prior 

to each flight.    The procedure is to aim the gun at a specified target and expose a few 

feet of film in the gun camera.    This film is the position-shot and is used as fallows: 

* Photographor's binding tape has been found more satisfactory than ordinary friction 
tape for this purpose,  since the former does not gum up the screwu 
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(1) Project the position-shots onto the screen and align its image to  fit the 

framing-marks, 

(2) Mark the position of the specified target on the screen and label it to 

identify its camera and the flight to which it belongs.    This gives  the 

screen bore-point needed in the CRADLE or SEMI-GLOOK problem solutions.    As 

stated in Section A-3.03,  the former can  be used with strict accuracy only 

if the bore-point   falls on the vertical screen line.    Otherwise the SLlil- 

GLUOK is required. 

The alignment of the C.-iADLE and associated equipment is now complete.    Film from the 

camera and lens corresponding to the test-strips used above may now be assessed.     The 

test-strip procedure need not be repeated unless film from different cameras or lenses is 

to be asaesaed'^ or unless the alignment of the equipment is disturbed.    However,   if only 

the focus of the projector lens is altered,  it may be reset properly by merely focusing 

the picture to the size of the  framing-marks, which should result in a distinct  image as 

well. Modification of the test-strip procedure to adapt  it to other cameras,   sm:h as 

the tri-cameras, are described in the Equipment Manual-Ground Installations.    Attention 

lould also be called to the Test-Strip Film Procedure  in the Computer's Lanual,  Section F. 

It refers to the original method in which only a single film was used.    The Test-Strip 

Procedure  II, also described there,  is a condensed version of the improved method    discutised 

above, 

A-3.07.  Precautions in the Use of Instruments.    The computing instruments and their 

associated equipment are massively constructed and are securely bolted down to minindae 

deflections and displacements  from the correct alignment.    Nevertheless,  some members, 

especially the transits, are not too rigid.    For this reason it is imperative that all 

operators exercise great care in handling the instruments,  magged as they may appear.    The 

iiore tnan one set of framing-marks may be left on the  screen as long as no confusion will 
result therefrom.    Two sets are shown in Figs. 3.02 and 3.03. 

CONFIDENTIAL ue 



CONFIDENTIAL s«. A 

following seven commandments deseirve special consideration: 

(1) Do not lean on the equipment.    This applies especially to the transits and 

projectors, where even a light pressure can cause deflection of a minute or 

two.    Hence magnifiers used to assist in reading scales must not be allowed 

to rest on the transits. 

(2) Do not bump against any piece of equipment.    Its alignment requires considera- 

ble time and effort, a fact which the operator may be inclined to forget. 

The auxiliary transits are particularly susceptible to misalignment from 

unintentional jolts. 

(3) dhen tightening the various clamps,  set-screws, and lock-nuts,  do so gently 

and smoothly.    Jamming them home will cause distortion and excessive wear, 

(4) ./hen bringing a CRADLE or ILOOK into operating position, ease it against 

the stop-screw gently.    It must not be brought up with a sudden bump. 

(5) öo not "diddle" with any adjustments,  especially those set in aligning the 

equipment.    This practice not only causes unnecessary wear and tear but may 

also necessitate a lengthy and arduous realignment of the equipment. 

(6) Always focus the image of the telescope cross-hairs sharply on the screen. 

Since the distance from the transit center to the screen depends on the 

direction in which the telescope is pointed, refocusing should always follow 

positioning of the telescope.    Otherwise the telescope line is likely to be 

displaced and a corresponding error introduced, 

(7) Once the focus of the projector has been fixed in the Test-Strip Procedure 

(Section A-3,06), do not change it.    To do so would alter the size of the 

picture and hence the location of the true-angle point.    Operators are 

tempted to try changing the focus to get a more distinct picture,  out this 

practice must be forbidden. 

Essential care and basic alignment should be left to the maintenance crew.    They 
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should make all repairs, unless specific permission to the contrary is granted.    However, 

it will be ad/antageous for the supervicor to be as fajiiiliar as possible with the align- 

ment ana maintenance procedures described in the    Equipment IZanual-Ground Installations, 

: 
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CHAPTER    A-4 

PRELIMINARY    PROCESSING   OF    FILM 

A-4.01. Care in Developing Handlingj  and Storing Film.    On finishing a flight, the 

various films should be developed and delivered to the supervisor as soon as possible. 

The developing process itself should conform to the best practice, taking particuleir care 

to prevent damage to the film, especially scratching, and to minimize distortion and 

shrinkage. 

Unnecessary handling of the film should be avoided in the interests of keeping it 

clean and undamaged.    It should be kept rolled up on a reel or core as much as possible. 

When unrolled,  the free end should fall into a flannel-lined cutting barrel designed for 

the purpose, never on the floor.    Since film is subject to damage from heat and certain 

types are highly inflammable,  smoking and other fire hazards should not be permitted in 

rooms where film is handled.    Adequate emergency exits and fire extinguishers raust also 

be provided. 

Every effort should be made to assess the film with a minimum of delay after develop- 

ing.   When storage is necessary, even for short periods, the film should be kept in metal 

cans in a special fire-proof vault, with controlled temperature and humidity if possible. 

In case these ideal conditions cannot be provided, the film cans should be sealed with 

tape and stored in a cool place. 

A-4.02. Inspecting. Editing, and Cutting.    Detailed procedures for inspecting and 

editing the film and cutting it into separate attacks are given In the Computer's Manual, 

Section D.    The inspection especially should be carried out as* soon as the film for a 

particular flight is received, the primary objective being to determine whether or not 

sufficient data in the form of usable film have been obtained for enough attacks to satis- 

fy the assessment requirements.    Since this decision requires a thorough knowledge of the 
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desired results and of the possibilities and limitations of the assessment techniques, 

it should be entrusted only to the supervisor or an experienced computer. 

If some data on the flight sheets arc missing, the persons responsible should be 

consulted at once in the hope that it can still be obtaineu.    If some films are missing 

or not usable, the supervisor must decide whether data from other films can be success- 

fully substituted or whether the flight will have to be roflown.    In the latter case» the 

retake should be scheduled for the earliest possible time and under the same experimental 

conditions, including personnel and equipment. 

As soon as the inspection shows that the film can be assessed, the editing may be 

started.    Here the main object is to number enough frames on the various films for a 

given attack to provide a convenient refej^ence system for later identification of data 

taken from different films.    Frame number 201 in Figs. 2.08 and 2.09 is an example of 

this method of identification. 

During the editing any irregularities or gaps in the data should be discovered and 

their significance noted.    Great care must be taken with the editing to avoid misinter- 

pretation of timing and cataloging marks and to prevent mistakes in frame numbering. 

This is especially iraportant for frame number 001 on each film.    It represents zero time, 

so that labelling It on the wrong frame would produce a translation of the time axis for 

that film relative to the others»   The supervisor should approve all editing before the 

films are processed further. 

The next step is to cut each roll of film Into separate attacks, wind each strip 

onto a core, attach a label identifying the experiment, flight, attack, and camera, and 

store in a film-strip can.    The film is now ready for the actual assessment to start. 

k-k»03. Synchronization of Films«   Before the data taken from different films can 

be correlated, the time corresponding to each frame number on each film, measured from 

an arbitrarily chosen instant which is the same for all films, must be found.    In Section 

A-2.12 it was shown for a typical case that the tolerance on this time for any frame is 
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only about * 0.001 second, and the difficulties in the  *ay of obtaining such precision 

were treated briefly in Section A-2.11. 

For film from cameras controlled by the first or Mk I synch system,  e.g.    in F. C. 9 

and 14, the total-attack averaging method is applicable,    it is discussed more fully in 

the Theory Manual, Chapter Ä-6, and amounts in practice to finding the average number of 

frames per second over the largest even number of timing-mark intervals in the attacks*. 

Assuming constant camera speed,  the reciprocal of this average gives the time interval, 

i    , between frames.    Then the time,    t    , corresponding to the nth frame after the one 

marked 001 is given by    t = ni    ,  where   t    should be listed to the nearest thousandth of 

a second.    This simple calculation yields the desired conversion table from each frame 

number to its corresponding time for the film and attack under consideration.    A consequence 

of this procedure ie that frames 101,  201, etc., which nominally mark the beginning of 

successive seconds, may not correspond exactly to times 1.000,  2.000, etc., seconds,  re- 

spectively. 

In the actual construction of the conversion table it is not necessary to list every 

frame but only those to be assessed, which depends on the conditions of the experiment. 

For F. C. 9 and 14 it was found that every third frame for 35 nm film and every other frame 

for 16 mm film were convenient and yielded enough data.    The standard practice called for 

reading the frame at the beginning of each timing-mark (e.g., 101, 201, etc.) and regularly 

spaced frames thereafter until the beginning of the next mark.   Thus if there were exactly 

24 frames between the second and third marks, the ones to be read would be 101, 104, 107, — 

122, 201, 204, —, all evenly spaced.    If frame 124 were missing, the same frames would 

be read, but 122 ar.d 201 would be separated by only one frame, vis,, 123.   On the other 

hand,  if an extra frame were present, it would be number 125 and would also be read, since 

it is the third frame beyond 122.    Then 201, which is adjacent to 125, would br the next 

* A knowledge of the length of each pair of intervale to the nearest thousandth of a second 
is required here. 
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frame read.    All such irregularities must be  carefully noted, marked with an asterisk, 

and taker into account in computing the entries in the conversion table.    The supervisor 

should cheick the computations,  especially at  the beginning and end of each timing-mark 

interval, before the table is used. 
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CHAPTER   A-5 

DETAILED   PROCEDURES    FOR    TWE 

MKTIN    FORWARD   CROWN-rURHET (F. C. NO. 14) 

A-5.01. Purpose.    The aaaeaament of a particular turrit requires the analysis of data 

from recording equipment by means of reading devices,  computing instruments, arithmetical 

operations, and graphs.    The    heory for auch an assessment, the methods for gathering the 

data,  and the motivation for the various confuting instruments have been discussed in the 

preceding chapters of this Manual, but it is often a far cry from these prerequisites to 

the step-by-step outline and form sheets for handling the data efficiently and accurately. 

Furthermore, once a satisfactory pattern for one type of assessment has been established, 

the modifications necessary to adapt it to other types of turrets are net too difficult to 

devise.    For these reasons a description of the procedures worked out thus far is deemed 

advisable.    The present chapter will be concerned only with the assessment of the Mark 18 

sight installed in the Martin forward crown-turret of the PBAI-2, A. T. No. 14, according 

to the specifications prescribed for F. C. No. 14*    During these tests data for a similar 

assessment (F. C. No. 9) of the Mark 18 sight installed in the Erco port waist-turret of 

the same bomber were gathered simultaneously; their analysis is discussed In Chapter A-6. 

A separate experiment to deterinine the flight path of a particular fighter attacking a 

bomber is treated in Section E of this manual. 

Flow charts have been prepared for the various assessments to provide a pictorial out- 

line of the steps in the analysis and to show the interdependence and order of precedence 

of the operations.    They are included with the Figures* and should prove useful to the 

supervisor in explaining the procedure and in scheduling the computations.    It is desira- 

ble for the computers also to understand the flow charts as  far as possible, although 

♦ In addition, a simplified Flow Chart for F, C, Nos, 9 and 14 is shown in Fig, 5,11' 
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individual operEtions can be explained as separate problems when needed.    Specific direc- 

tions for the computers1 use are stated on the sample form sheets which are reproduced 

in the Computer's Manual as well as here.    They do not attenqpt to explain the reasons for 

the steps, nor do they repeat directions given in the Computer's Manual for reading data 

from the recording equipment, for using the computing instruments, or for performing 

arithmetical and graphical operations.    In several instances there is more than one accept- 

able way to proceed, but for the sake of explicitnsss only the most satisfactory method 

has been prescribed.    The purpose of this chapter and the next is to discuss the sample 

form sheets from the supervisor's standpoint, emphasizing the motivation for the steps 

and possible alternatives. 

A-5.02, Brief Description of F. C. Nos. 9 and Ik.    In the experiments designated by 

F. C. Nos. 9 and 14 the PB/J-2, A. T. No. 14, was flown on a straight, level course at a 

constant speed of about 140 or 170 knots and at an altitude of about 6000 feet.   Gunners 

in ths Martin forward crown- and Erco port waist-turrets used their Mark 18 sights in 

simulated defense against an F6F fighter which executed specified types of pursuit curve 

attacks on the port side of the bomber.    The required assessment data were recorded by 

the RAZEL-, gun-, and si ^ht-cameras in the forward crown-turret, the gun- and sight-camerf.s 

in the port waist-turret, and the gyro-camera*. Both sight-cameras were 16 mm GSAPs, whereas 

the other cameras were all 35 mm Bell and Howell A-4s.    The assessment of the port waist- 

turrjt was designated F. C. No. 9 and that of the forward crown-turret F. C. No. 14.    Much 

of the data gathered for the latter was useful in the former, as explained in Chapter A-6. 

The step-by-step procedure for F. C. No. 14 will now be discussed in detail, with reference 

to the sample form sheets. 

A-5.03.  Form 10**.    This data sheet is used to record the gun position relative to 

turret axes as obtained from the HA^EL film* 

*    Tri-camera data were generally not available and were never used in the assessment. 

** Form sheets bearing numbers below 10 are obsolete. 
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Cols  1Ü-A aria  ItJ-H^.     The numbers of  the  frames to be read are  liateH  in Col  10-A, 

In general every third frame is sufficient,  except where the turret motion :.s very 

fast,   in which case it may be desirable to read every frame.    Next,   ihe time corres- 

ponding to each entry in Col 1Ü-A may be  read  from the proper conversion table (see 

Section A-4.03) and recorded in Col 1C-H,  or this step may be postponed until the 

entries in the rest of the columns are complete. 

Cols 10-3,   10-C,  and 1Q-L).    As each frame of RAZEL film is viewed,   the readings 

from the azimuth and  elevation scales are recorded in Cols 10-C and lO-D^  respectively. 

If a RAZEL range scale is present,  its reading may be recorded in Col 10-B.    oince the 

azimuth ani elevation scales were  marked   only  every 30 minutes,  without  satisfactory 

verniers (see Fig.  2.07),   it was impractical to attempt to read them closer than about 

- 3 minutes.    Until these scales are improved,   this is the working tolerance.    To 

minimize reading errors it is advisable to have each film read by two different per- 

sons and to check all corresponding entries which differ by as much as the prescribed 

tolerance. 

When the turret is turning at a high rate,  the lines on the azLnuth dial will 

blur into bands,   .vhile the stationary index remains clear.    Under such circumstances 

the center of the blurred band may be used as  the azimuth line.    The numbers will 

also blur, but they can be determined with practice by comparison with other numbers, 

by estimating the value from the rate at which the azimuth is changing,  and by 

utilizing the distinguishing marks which appear near certain of the nuj;ibers. 

Cols 10-E,  10-F, and 10-G.    Because of practical difficulties in scribing the 

turret scales, the zero azimuth and elevation position of the gun does not coincide 

exactly with the zero azimuth and elevation on the scales.    This discrepancy has been 

neglected, since a small,  constant error is of no consequence,    however,  it is known 

* To denote each column it will be convenient to write the form number followed by 
the letter for the columnj e.g., Col 11-G means Coluim G of Form 11. 
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that the azimuth scale reads 2 degrees low because the index wis intentionally moved 

that amount to center it on  the  film.    Hence 2 degrees  should  be added to Col  1Ü-C. 

The  result may be recorded in Col lu-F, but jf this  is the only correction,   it  is 

easier to add the 2 degrees when the gun data are plotted (sje below). 

A more serious source of error is the non-uniformity of the half-degree spacings 

on the turret scalos.    A check on the azimuth scale has revealed errors as large as 

9 minutes at one point but not exceeding 6 ndjiutes elsewhere^.    These errors have 

been indicated on the scale itself, but since there is some uncertainty aoout the 

corrections to be applied and since they are generally less than the present reading 

accuracy, no attempt has yet been made to use them.    However,  as the reading accuracy 

improves,   the scale corrections  should be verified and then applied before listing 

the entries in Col 10-F. 

Possible scribing errors on the elevation scale are not known,    //hen they become 

available,  they should be applied to Col 10-D and the results tabulated in Col 10-G. 

At present these columns are identical, and the former may be omitted to save copying, 

Col 10-E is for the range input converted to yards if it is desired.    Since the 

RAZEL range scale has never been satisfactory, both Cols 10-B and 10-E are   on omitted. 

P10-F and P10-G**.    The gun data (azimuth and elevation) are graphs to provide a 

visual check and to permit graphical interpolation if required.    Detailed instructions 

for scales and conventions for labelling «vhich have been found satisfactory in practice 

are stated in the Computer's Manual, Section L.    A sample workin6 graph, reduced from 

its original 21 x 33 inch size is shown in Fig, 5.01«    Anj   .oints that appear out of 

line should be checked for accurate plotting and reading from the film.    If a point is 

*    This test is described in a letter to Lt. Coradr.  K. J. Teich from «Y, R. Payne,  S 2/c, 
'and L. L. Pokomy, S 2/c, dated 20 Sop 1944. 

** p before a colunn designation stands for   'plot" and denotes the graph composed of 
straight-line segments drawn through successive points obtained by plotting the 
column vs the corresponding time column.    Similarly,    S    means "smooth" and denotes 
the smooth curve which sometimes r^olacea the straight-line graph; e.g., Sll-G. 
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in doubt, it may be advisable to read more frames in its vicinity in order to de- 

termine the behavior of the data more closely. 

Interpolation arises most frequently from the necessity of synchronizing the gun 

data with the gun-camera frames, as will be discussed in Section k-^.OU.    Because the 

gun motions are relatively rough or capable of fairly rapid changes, smoothing of gun 

data is not considered justifiable. This leaver, the interpolation to be carried out 

along the straight-line graphs and casts considerable doubt on its accuracy. There- 

fore it is highly desirable to eliminate the interpolation by proper synchronization 

of the HAZEL- and gun-cameras. In passing it should be noted that this difficulty 

is absent in the case of deflectoraeter film, where the gun data are recorded directly 

on the gun-camera film, and is reduced in the case of tri-camera film, where the 

interpolation is performed in the relatively smooth target data. 

A-5»04. Form 11. This form sheet is used in the determination of the range and target 

position from measurements on the boresighted gun-camera film. 

Cols 11-A and 11-H. The numbers of the frames to be assessed on this ...im, 

generally every third, are listed in Col 11-A and the corresponding times from the 

proper conversion table in Col 11-H. 

Cols 11-B and 11-D. The problem of calculating the range is treated in the 

Theory Manual, Chapter A-2. Form 11 is designed only for the simplest case where 

the range is inversely proportional to the length of the screen image of a known 

base line on the fighter, such as the di, tance between winglights or marks. This 

formula has been found to be satisfactory in view of the accuracy to which the screen 

lengths can be measured in practice. The proportionality constants, K^ and Y^    > 

are to be found from test films which show the target at known ranges; these pictures 

imut be taken by the same camera and lens used in the actual flights, and the film 

must be projected in the identical manner employed in the assessment. 

Great care must be exercised in scaling the screen lengths. A scale with l/50 

CONFIDENTIAL 59 



CONFIDENTIAL sec. A 

inch divisions, reading directly in inches,  is most satisfactory, and it should be 

equipped with a suitable handle for ease of holding it flat against the screen.    To 

avoid the contradictory lighting conditions involved in best projection and easiest 

reading of the scale,  it has been found advisable to mark the ends of the screen 

length carefully on the screen or a piece of paper held against it and then to turn 

on sufficient light to permit accurate scale readings.    Of course,  this procedure 

introduces an additional step,  with the consequent possibility of more error.    The 

computer must be impressed with the necessity of cooperating to reduce these reading 

errors to a minimum at their source. 

Cols 11-F and 11-G.    When a particular frame of gun-camera film is projected onto 

the screen,   it must first be aligned to fit the framing marks  (see Sections A-3.Ü3 and 

A-3-06).    Then the screen lengths are scaled as described above and the target point 

(chosen to be the center of the propeller hub)  is marked on the screen and labelled 

with the frame number.    This marking must also be done with great care.    These steps 

are then repeated for a sequence of frames,   including all those to be assessed for 

the attack unless they become too dense on some portion of the screen.    Then the pro- 

jector is turned off, the lights turned on,  and the CRADLE slid into operating posi- 

tion,  where it is used with the gun data for the same times as the gun-camera frames 

in the  "Bore-Foint to Target-Point Operations".    (See the Computer's Manual, Section H, 

Cradle Problem No.  2.)    This yields the target azimuth and elevation for each frame 

assessed, which are recorded in Cols 11-F and 11-G,  respectively.    Either of the 

following case" may occur: 

1, If the KAZEL- and gun-cameras are correctly synchronized. Cols 1Ü-H and 
11-H are identical. Then the gun data in Cols 10-F and 10-G may be fed 
directly into the CRADLE, which is tne simplest and most desirable case 
since it requires no interpolation. 

2. If the RAZEL- and gun-camera are not synchronized,  interpolation is una- 
voidable.    The interpolated gun data read from their graphs at the times 
of Col 11-H should be recorded on unused columns of Form 11 if such are 
available or on a special sheet,  such as another Form 10, properly labelled 
for the purpose.    The CRADLE problem then proceeds as before,    kn alterna- 
tive to Case 2 which is sometimes convenient is described in Section A-5.06. 
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Pll-F and P.\l-G. The target data are graphed for two reasons: to check the 

CRADLE computations and to permit smoothing. In ore er to correct mistakes with a 

minimum of inconvenience, it is desirable to plot the *arget data as soon as they 

are read from the CRADLE. Then points which are out of line can be checked while 

the target points are still marked on the screen. Experience shows that target 

data can be expected to be quite smooth unless the bomber experiences sudden roll, 

yaw, or pitch. Target azimuth and elevation graphs should be obtained in acceptable 

form before the CRADLE computation is considered complete. 

Sll-F and 311-G. A discussion of techniques for fitting a smooth curve to the 

target data using French- or ship-curves is included in the Computer's Manual, Sec- 

tion L, The method requires skill and practice to be successful. 

Cols. 11-C and U-E. Having the values of ^ and K2 , Cols 11-B and 11-D 

can be converted into range by a simple calculation. For a large number of range 

determinations it is worthwhile to construct a range conversion table listing range 

vs screen length. Range may then be read from this table, or a graph drawn from it, 

and recorded in Cols 11-C or 11-E, depending on which screen measurements are used. 

The use of both winglights and marks for ranging provides a check, but it should be 

noted that the accuracy is grater the longer the base-line on the fighter. On the 

F6F this means that better results will be obtained from the wingtip lights than from 

the marks, which are only about half as far apart as are the lights. Since the lights 

are also generally visible at a longer range, the marks are often disregarded. 

Pll-C and Sll-C. Like the target data, range is graphed to check the values and 

to permit smoothing. Since on a pure pursuit curve the range decreases almost linearly 

with time, the range graph is expected to be very smooth and nearly straight. Actually 

it is in general slightly concave upward, especially at short ranges (see Fig. 5»0l). 

Iß p'r-ctice,the range data appears to be reliable up to about 600 yards. Beyond 

that range the fighter tends to be too faint and small to permit accurate screen 
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measurements, resulting usually in erratic range values. Therefore, it is deemed more 

satisfactory to extrapolate the smooth range curve out to the desired 800 yard maximum. 

However, recent improvements in the winglights have resulted in range curves which 

are themselves smooth out to about 800 yards. 

Pll-E and Sll-E.  If measurements of wingmarks are to be used instead of or in 

addition to the lights, the same procedure applies. 

A-5.O5. Form 12. This sheet is used to calculate the bullet tme-of-flight and the 

corresponding firing time. If the Erco port waist-turret is to be assessed from data taKen 

on the same attack, certain economies can be affected by using Form 12 in combination with 

Form 18, as discussed in Section A-5.06. The case where Form 12  is used by itself will 

now be described. 

Cols 12-A and 12-B. Experience has shown that an appreciable amount of time can 

be saved and the accuracy of reading data from the working graphs improved by choos- 

ing points on the time axes at successive tenths of a second apart, all corresponding 

to vertical lines on the graph (Fig. 5.01). Then it is easy to locate the abscissas 

quickly. The chosen times are to be listed in Col 12-B; the reason that it is headed 

"Impact Time (Initial)" is explained below. 

Col 12-A is for frame numbers in case it is desirable to have the time correspond 

to the gun-camera frame numbers instead of the tentns of a second recommended above 

Otherwise it may be omitted. 

Cols 12-D, 12-G, and 12-H. From the smooth curves of target range, azimuth, and 

elevation (Sll-C or Sll-E, Sll-F, and Sll-G, respectively) the corresponding values 

are read at the times of Col 12-B and recorded in Cols 12-D, 12-G, and 12-H, respec- 

tively. As shown by Formula (l) of AMP Memo No. 104.1 (see Section A-1.04 for a 

complete reference to this paper), the bullet-time-of-flight, T , for the case of 

an aircraft flying and firing horizontally depends on the type of gun and projectile, 

its muzzle velocity, the range at impact time, the relative air density, the constant 
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true air speed of the aircraft, and the angle-off (the angle between the direction 

of flight of the aircraft and the bore-line of the gun). For non-horizontal fire 

a correction term is given in Equation (A-ll) of AMP liemo No, 104.1. However, its 

maximum value is about 0,007 cos z  seconds, where z is the angle between the zenith 

and the bore-line, for ranges out to 800 yards*. Since it is much less for shorter 

ranges, it was neglected in F. C. 9 and 14, in which all attacks were flat-side with 

z rarely under 75 degrees. In cases where z is smaller or the range longer, this 

correction term must be considered. 

Since T varies almost directly with the range, the tolerance on the latter 

is very small, of the order of one yard (see Section A-2.12). Stadiametric ranging 

does not ordinarily permit the attainment of such accuracy except at very short 

ranges, so that this is a weak link in the computation. Every effort must be made to 

plot, smooth, and read the i-ange graph with the greatest possible care, A good check 

on Col 12-D is to compute the first differences and be sure that they are smooth. 

Col 12-C. Inspection of Formula (1) mentioned above or tables computed from it 

(see Figs. 5.02 and 5«03) reveals the fact that the dependence of T on angle-off, 

6 , is not critical, errors up to 2 degrees being negligible for ranges out to 

1000 yards. Hence, for convenience 0 is listed only to the nearest degree in Col 12-C. 

The theory of the transit-timt method (see Chapter A-l and Fig,1.01) implies that 

6 is given by the direction of the target at impact time, except for small ballistic 

deflections which may be neglected in view of the large tolerance stated above. For 

the same reason the fact that the zero azimuth and elevation direction does not or- 

dinarily coincide exactly with the bomber's line-of-flight may also be neglected. 

* See AMG-N No. 21, "Prospectus on Ballistic Charts for Caliber 0.50 Projectiles 
Fired from Moving Aircraft", by George Piranian, page 2. 
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Then 6 may be computed from the formula* cos Q z  cos a cos F        ,  where 

a r azimuth and  R S elevation of the target, or more readily from the angle-off 

table (Fig, 5.04) which has been computed from this formula. Note that for this 

purpose a    and E need be read only to the nearest degree. If F is small, ot 

may be used for 6 , thus making it possible to tabulate 0 directly from the tar- 

get azimuth working graph and to omit Cols 12-G and 12-H altogether. Also, if Cola 

12-B and 11-H are identical and if the smoothing did not alter ot  and F  more 

than about 1 degree. Cols 11-F and 11-G may be used instead of Cols 12-G and 12-H for 

finding 6 . 

Col 12-E. A moie corrolete discussion of the theory for the determination of T 

is given in the Theory Manual, Chapter A-3. The result is a double-entry table giving 

the range r in terms of T and 6 . A separate table is needed for each type of 

projectile and gun, relative air density (determined by the altitude under assumed 

standard atmospheric conditions), and true air speed of the bomber. A set of such 

tables has been computed by AMG-N (Fig. 5.02), each giving r to the nearest yard 

for T-intervals of 0.05-second and 0-intervals of 10 degrees. To facilitate the 

computation the particular tables needed for F. C. 9 and 14 have been interpolated 

for T at intervals of 0.01 second (Fig 5.03). Entering with r (Col 12-D) and 

6 (Col 12-C), T can be found to the nearest 0,005 second by mental interpolation 

and is then recorded in Col 12-E. To calculate T any closer would probably require 

more complicated interpolation. Although hardly justified by the accuracy of the 

tables themselves, it may be desirabla to calculate T to the nearest 0,001-second 

in the interest of getting a smooth curve. 

Col 12-F, It was inferred above and should be emphasized again that the range 

used in the time-of-flight table is the distance between the moving gun platform and 

* The angle 0 is the hypotenuse of a right spherical triangle whose legs are aT 
and Ft , For the solution of such triangles see any standard text on spherical 
trigonometry. 
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the projectile T seconds after firing. Since the only range which can be measured 

(Col 12-D) is the distance from the bomber to the fighter at the times listed in 

Col 12-B, the use of this range in the time-of-flight table implies that the prcjectil 

must coincide with the fighter (i.e., a hit is scored) at the corresponding time in 

Col 12-B. Hence this must be impact time and not firing time. However, the corres- 

ponding firing time is obtained by simply subtracting T (Col 12-E) from the 

corresponding entry in Col 12-B and is recorded in Col 12-F. All thesa times carry 

the designation "Initial" to distinguish them from "Final" times which will be 

introduced in connection with Forms 13 and 14 (see Section A-5.07). 

P12~E and S12-E. Col 12-E is plotted vs Col 12-F to provide a visual check, 

and it is smoothed to permit reading the time-of-flight at chosen final firing times. 

The points should lie very close to the smooth curve, and the latter should be nearly 

linear. The supervisor must check and approve this curve before the computations 

are carried further. 

A-5.06. Form 12 combined with Form 18. The following modifications of the procedure 

described in Section A-5.05 will eliminate unnecessary repetition of data when it is to be 

parallaxed to the Erco port waist-turret later: 

1. List the time in tenths of a second also in Col 18-B. 
2. Record smoothed target range, azimuth, and elevation in Cols 18-E, 18-C, and 

18-D, instead of Cols 12-D, 12-G, and 12-H, respectively, which are then 
left blank. For purposes of parallax correction the azimuth and elevation 
must be read to the nearest minute. The data recorded on Form 18 are used 
in computing Col 12-E and are also ready for parallax correction. 

In using any two form sheets together care must be taken, here and elsewhere, to be 

certain that the time columns are correctly aligned. 

A-5.07. Final Firing and Impact Time. It will be recalled that the initial impact 

times (Col 12-B) were generally chosen for convenience at evenly spaced intervals (.see 
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Section A-$.05). Since the corresponding time-of-flight (Col 12-E) usually decreases 

steadily as the attack is pressed home, the initial firing times (Col 12-F) *iii not be 

evenly spaced. In particular it is only a coincidence if they correspond to either the 

RAZEL- or the gun-camera frame times. Hence in general the use of the initial firing 

times for the comparison of true and actual borepoints would require interpolation in 

the gun data as found from the RAZEL. It has already been pointed out (see Section A-5.03) 

that such interpolation is hardly Justified in view of the relative roughness of the gun data. 

This difficulty can be avoided by noting that the time-of-flight graph is very smooth, 

so that no serious error is introduced by interpolating between calculated values of T . 

Hence the standard procedure is to choose new firing times identical with the RAZEL times 

(Col 10-H)j these are designated as final firing times and are listed in Col 14-A. Then 

the corresponding values of T , the final time-of-flight are read from S12-E and re- 

corded in Col 13-F. The sum of corresponding entries in Cols 14-A and 13-F is Col 13-A, 

the final impact time*. Cols 14-B and 14-C are then identical with Cols 10-F and 10-G, 

respectively, and the undesirable interpolation in the gun data has been avoided**. 

If desirable and convenient, the gun-camera times, instead of RAZEL times, may be 

chosen for final firing times. Then Col 14-A is identical with Col 11-H and Cols 14-B and 

14-C will be used to record the interpolated gun data used with the CRADLE problem. This 

alternative procedure avoids any additional interpolation in the gun data and eliminates 

the need for a special sheet on which to record the interpolated gun data. 

A-5.08. Necessity for Roll. Yaw. Pitch Corrections. If the turret axes at all impact 

tiraes are respectively parallel to those at the corresponding firing times, the target data 

* The reason for this apparently reverse listing of final firing and impact times will be 
seen when Forms 13 and 14 are discussed (see Section A-5.12 and A-5.13). 

** The suggestion for this improved procedure is due to AMG-N. See AMG-N No. 47, "A 
Modified Computation Procedure for Camera Bomber Sight Assessment", by A. A, Albert, 
It should be emphasized that the terms "initial" and "final" have no intrinsic physical 
significance. They are used merely to distinguish the first set of firing times and 
corresponding impact times from the second. Both sets are taken from the same firing 
and impact time data but at different time intervals, for convenience of computation. 
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at the former may be corrected for ballistic deflectiona, as described in Section A-5.12, 

and then compared directly with the gun d»ta at the firing times to obtain the desired 

gun lead errors, as discussed in Section A-5.13. In this case Cols 13-B and 13-C are 

read from Sll-F and Sll-G, respectively, at the times of Col 13-A, and the phrase "corrected 

for RTP" is deleted from the headings of Forma 13 and U. Since th<j target data are rela- 

tively smooth, this graphical interpolation is Justified. 

Usually, however, the gyro data show that the turret axes rotated (see Sections A-1.04 

and A-2.07) during the time-of-flight. To remove the effect of these rotations, the gyro 

data must be recorded, interpreted in the light of the theory treated in Chapter A-4 of 

the Theoiy Manual, and finally applied in the proper calculation procedure. The prac- 

tical completion of these steps is discussed in the next two sections, 

A-5.09. Form 21. This sheet is used to record the gyro data from the film and to 

correct it for initial misalig.iment and offset of the gyro axes, as well as changes in 

sign if required. 

Cols 21-A and 21-B. The numbers of the gyro-camera frames to be assessed are 

recorded in Col 21-A and the corresponding times from the proper conversion table 

in Col 21-B, In practice the gyro data change relatively slowly, so that their time 

conversion and synchronization are not nearly so critical as in the case of gun data. 

Cols 21-C. 21-D. 21-E. The yaw, pitch, and roll angles which specify the bomber's 

attitude at any time were defined in Section A-2.07. Their values as read from the 

gyro film (Fig. 2.11) are recorded in Cols 21-C, 21-D, and 21-E, the respective initial 

readings being listed in the space provided in the heading to those columns. It should 

be noted that the range of angles scribed on the gyro dials is within the interval 

from 0 to 360 degrees to avoid possible confusion over negative angles. 

Cols 21-F. 21-G. and 21-H. The chosen sign conventions for yaw, pitch, and roll 

were also established in Section A-2.07. Each gyro Installation must be observed to 

determine whether or not its dial angles conform to these conventions. For Gyro 
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Set No. 1 installed with its camera pointing toward the nose of the bomber, the yaw 

dial reads positive in the correct direction but the other two dials do not. In 

effect this means that the sign of the pitch and roll readings shouToi be changed, but 

this correction is combined with others now to be considered. 

The erecting mechanism on Gyro Set No. 1 is partially gravity-erecting and 

does not permit a complete determination of the positions of the gyro rotor axes (see 

Section A-2.07). Hence one cannot be sure of the proper interpretation of the film 

data, but if the initial readings are used as a zero reference, the difference between 

them and the respective dial readings during the attack represent deviations cf the 

bomber's attitude from its initial position. To compute these corrected values, in- 

cluding the changes of sign established above, the initial yaw is subtracted from each 

entry in Col 21-C, each entry in Col 21-D is subt-^cted from the initial pitch read- 

ing and each entry in Col 21-E from the initial roll reading. Any negative angles 

resulting therefrom should be converted to the corresponding positive angles by add- 

ing 360 degrees. These corrected angles are then recorded in Cols 21-F, 21-G, and 

21-H,respectively. 

Col 21-J. As mentioned in Section A-2.07 and shown in Fig. 2.13, the gyro coor- 

dinate axes for Set No. 1 were rotated through the flight angle P0 = 2° 18' in the 

YZ-plane, In Chapter A-4 of the Theory Manual it is shown that this fixed offset is 

properly taken into account by adding it to the corrected pitch (Col 21-G), when the 

GLOOK is to be used in the order YRP. This result may be tabulated in Col 21-J if 

desired, but a little time can be saved by combining it with the previously described 

corrections or adding it mentally in the course of graphing the corrected values. 

P21-F, P21-H, and P21-J. As with other readings, the corrected gyro data are 

plotted vs time to provide a check and to permit interpolation for intermediate values 

of time (see Fig. $.05). The data can be expected to be smooth, but in practice they 

usually change so slowly that the «traight-line graph is sufficiently accurate for 
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interpolation. In fact it is frequently satisfactory to use merely the nearest 

observed values. If this can be foreseen from an inspection of the data, the 

graphing may be omitted. 

A-5.10. Fom 22. This sheet was designed for use in converting the corrected gyro 

readings into the corresponding GLOOK angles in the order YHP (see Section A-3.0/+) for 

the mildly restricted case where Cols 21-F, 21-H, and 21-J are all within 8 degrees of 

0 or 360 degrees. The formulas for this conversion are given in the Theory Manual, 

Chapter A-4> where it is also shown that they Froduce a negligible effect if Cols 21-F, 

21-H, and 21-J are all within U degrees of 0 or 360 degrees. Since the gyro data in 

F. C. No. 9 and li+ all conformed to these latter conditions, Form 22 was never needed and 

hence is not treated in detail here. 

A-5.11. Form 23« This sheet is used to provide the data needed in using the GLOOK 

to correct the target data at impact time for rotations of the turret axes over the time- 

of-flight. The idea is to calculate what the target azimuth and elevation at impact time 

would have been if the turret axes had remained parallel to their position at firing time. 

As mentioned in Section A-3.04, this process is called local stabilization, since the 

turret axes are in general slightly different at various firing times. 

Cols 23-A and 23-G. Col 23-A is identical with Col 13-A, and Col 23-G is iden- 

tical with Col 14-A. 

Cols 23-B and 23-C. The target azimuth and elevation are read from Sll-F and 

Sll-G, respectively, at the times in Col 23-A and recorded in Cols 23-C and 23-B, 

respectively. Note that elevation is recorded to the left of azimuth, which is the 

opposite of the usual custom. The reason for this reversal is to make the order of 

columns, from left to right, agree with the order in which the data are set into the 

scales on the CLOCK and its transit, from top to bottom. 

Cols 23-D. 23-E. 23~F. 23-H. 23-«J. and 23-K. In the case where Form 22 is 

omitted, the gyro data are read from P21-F, P21-H, and F21-J at the times of Col 23-A 
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and recorded in Cols 23-F, 23-E, and 23-D, respectively. Then they are read again 

at the times of Col 23-G and recorded in Cols 23-K, 23-J, and 23-H, respectively. 

For each row the entry in Col 23-G is less than that in Col 23-A, but an entry 

in a later row of Col 23-G can usually be found which is nearly equal to the given 

entry in Col 23-A. Hence a check on all but the first few rows of Cols 23-H, 23-J, 

and 23-K is obtained by comparison with the entries in the row of Cols 23-D, 23-E, 

and 23-F, respectively, for which the impact time (Col 23-A) is approximately equal 

to the firing time (Col 23-G). Since on pursuit attacks the firing time decreases 

during the attack, the rows to be compared will get closer together as the attack 

progresses. 

Form 23 is now ready for use in the GLOOK Problem Solution No. 1 (see Section I 

of the Computer's Manual), The results of this computation, as read from the GLOOK 

transit scales, are recorded in Cols 13-B and 13~C, where care must be taken to line 

up Col 13-A correctly with Col 23-A. 

Rough checks on this GLOOK operation can readily be devised from the following 

observations: 

(1) When Col 23-B is near 0 degree, the principal part of the correction 
to Col 23-C is the difference in yaw, Co]. 23-F minus Col 23-K. 

(2) When Col 23-C is near 0 or 360 degrees, the principal part of the 
correction to Col 23-B is the difference in pitch. Col 23-D minus 
Col 23-H. 

(3) When Col 23-C is near 90 or 270 degrees, the principal part of the 
correction to Col 23-B is the difference in roll. Col 23-E minus 
Col 23-J. 

These facts are usually sufficient to provide qualitative checks by noting the 

signs of the roll, yaw, and pitch differences and comparing with the signs of the 

corrections, keeping in mind the sign conventions for roll, yaw, and pitch (Section 

A-2.07). Thus, under condition (1) above, if Col 23-F is greater than Col 23-K, 

Col 13-B should be less than Col 23-C. Similarly, if under condition (2) Col 23-D 

is greater than Col 23-H, Col 13-C should be greater than Col 23-B when Col 23-C is 
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near 0 degrees and less when it is near 360 degrees. Finally, if under condition 

(3) Col 23~E is greater than Col 23-J, Col 13-C  should be greater than Col 23-B 

when Col 23-C is near 90 degrees and less when it is near 270 degrees^. 

Approximate quantitative checks may also be derived from these same facts by 

estimating the corrections from the magnitude and signs of the differences. Experience 

shows that this procedure gives the correct results within i 3 minutes when the differ- 

ences are each no larger than about 10 minutes, the roll, yaw, and pitch are within 

1  3 degrees of zero, and Col 23-B is within t 15 degrees of zero. When Col 23-C is 

between the values listed in conditions (2) or (3), the correction to Col 23-B may 

be estimated as a linear combination of the pitch and roll differences, where the 

weighting coefficients are between zero and unity and ar^ assigned from inspection 

of Col 23-C. 

These methods of checking are useful in detecting doubtful results which should 

be recalculated on the GL0OK. The checks themselves can sometimes be used in place 

of a GL00K calculation, but the method does not generally possess sufficient accuracy. 

A-5.12. Form 13. The use of Cols 13-A, 13-B, 13-C, and 13-F has already been dis- 

cussed (a^o Sections A-5.07, A-5.08, and A-5.ll). The remainder of this sheet is ustd in 

correcting the target direction for ballistic deflections in order to get the true bore- 

point, i.e., the aziiuuth and elevation of the direction in which the gun should have been 

pointing at firing time in order that its projectile would score a hit at impact time. 

Cols 13-D and 13-E. It is beyond the scope of the present treatment to dis- 

cuss the many factors which produce deflections of the projectile from a straight path. 

The only two which are large enough to warrant consideration in assessment, at least 

for ranges no greater than 800 yards and with present accuracy, are the gravity drop 

* All of these statements require appropriate modification in case the yaw, pitch, or roll 
happens to pass through 0 or 360 degrees, in view of the sudden change of 360 degrees in 
the readings there. 
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and the trail*. The former acts in a vertical plane and the latter in the plane of 

action, i.e., the plane of the gun boreline when fired and the direction of the 

bomber's flight at that instant. Formulas for both of these angular deflections are 

given in AMP Memo No. 104.1 for M-2 projectiles and in AMG-N No. 8 for M-8. 

In applying these corrections it is first necessary to convert them into azimuth 

and elevation components. AMG-N has devised an ingenious graphical representation 

called D0F0GRAPHS, which give Aa/T and AF/T , the sum of the respective components 

of both gravity drop and trail angles per unit time-of-flight (see the Theory Manual, 

Chapter A-3). A sample pair of D0FOGRAPHS is shown in Fig. 5.06. Note that a 

different pair is needed for each ammunition, altitude, and true air speed, although 

deviations of a few hundred feet in altitude and a few knots in speed from the speci- 

fied values are tolerable. 

Detailed instructions for using the D0F0GRAPHS are included in the Computer's 

Manual, Section L. The graphs are entered with the data in Cols 13-B and 13-C rounded 

mentally to the nearest degree, and the results listed in Cols 13-D and 13-E. The 

supervisor must be sure that the interpolation between D0F0GRAPH curves is properly 

carried out to obtain the results accurate to the nearest minute per second. A check 

should also be made to see that the listings from the a    dofograph are negative when 

the azimuth a , is between 180 and 360 degrees. Since the corrections should change 

slowly with time, any large error in a single entry can be detected by inspection of 

the adjacent entries in its coluran. 

Col 13-G and 13-H. Multiplication of Col 13-F by Col 13-D yields the azimuth 

ballistic deflection Act and by Col 13-S the elevation deflection Ac , which are 

recorded in Cols 13-G and 13-H respectively, the entries are to be rounded off to the 

nearest minute. 

* By "trail" is meant the apparent deflection of the projectile from a straight path 
witn respect to the (moving) turret axes, caused by its slow-down. This effect has 
also been called the "trail due to relative wind" (see AMP Memo No. 104.1). 
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Cola 13-J and 13-K.    Stated more precisely, the DOFOGRAPHS provide the following 

information.    If   a    and   e    are respectively the azimuth and elevation of the gun 

with respect to a coordinate system whose azimuth plane is horizontal and whose zero 

azimuth line coincides with the bomber's line-of-flight, then   An/T    and    tf./1   are 

the angular rates at which the projectile is deflected in azimuth and elevation be- 

cause of trail and gravity drop.    Hence,  strictly speaking, the   a    and   t   with which 

the DOFOGRAPHS are entered should be the true gun boreline az.jnuth and elevation. 

Since these quantities are the objective of this computation,  the procedure stated 

above really amounts to successive approximations, in which the target azimuth 

(Col 13-B) and elevation (Col 13-C) are taken as first approximations to   a    and    E 

This being the deflected direction of the projectile if a hit is scored, the second 

approximation for the desired   a    is given by subtracting Col 13-G from Col 13-B, 

and for   K    by subtracting Col 13-H from Col 13-C.    These values are listed in 

Cols 13-J and 13-K,  respectively.    Technically, they should now be used as entries 

in the DOFOGRAPHS for obtaining refined values of     M/T   and      Zs/T    .    In practice, 

however, the second approximation is usually sufficient, since Aot   and   AE   rarely 

exceed 1 degree and are essentially unchanged when   ot    and    E   take on increments 

numerically that large or less. 

There is also an error in assuming that the turret axes at firing time, to which 

all azimuths and elevations have been referred, coincide with the axes defined above. 

Actually the turret XY-plane is generally tipped up a few degrees above the horizontal 

and the zero azimuth line only approximates the bomber's line-of-flight.    However, 

these errors can be tolerated in view of the relatively slow variations of     Aot/T   and 

Ae /T   with changes in   a    and   F     .    These matters are discussed in greater detail 

in the Theory Manual, Chapter A-3. 

A-5.I3. Form 14.    The use of Cols 14-A, 14-B, and 14-C was treated in Section A-5.07. 

The re.nainder of this sheet is devoted to the calculation of component and radial gun lead 
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errors.    Since the true gun direct   ^n differs from the target direction by an angle 

called the true lead, gun direction or position errors are the same as gun lead errors. 

This flexibility in interpretation is sometimes advantageous. 

Coi3 li^P and 1/4--E.    To provide a uniform meaning for the signed quantities 

involved, the gun errors are defined to be the actual position minus the true posi- 

tior i a positive elevation error meano that the gun was pointed too high, and 

a ner ■ azljir -or means that its azimuth was too low at that firing time. 

Note that the la jplies that the gun was too far toward the tail on a port attack 

but too far toward the nose on a starboard attack. 

The component gun errors are found by simply subtracting Col 13-C from Col 1U-B 

and Col 13-K from Col 14-C,  these results being recorded in Cols 14-D and 14-E, 

respectively.    The supervisor must take special care to see that Forms 13 and 14 are 

correctly lined up with respect to rows during this operation.    There are no identical 

time columns for this purpose, the test being that Col 14-A plus Col 13-F must equal 

Col 13-A. 

Cols 14-F and 14-G»    Like all angles employed thus far, the units for Cols 14-D 

and 14-E are degrees and minutes.    In gunneiy parlance it is customary to measure 

comparatively small angles in mils, a much-abused term since one rail may mean a milli- 

radian (0,001 radian) or arc tan 0,001 or a circular mil (l/l600 of 90°), to mention 

some of its coranon definitions.    Although they are not equivalent, the various mils 

are nearly equal.    In standard Navy usage, the mil means arc tan 0,001,    Since 

1 milliradian a 1,0000003 Navy milf, for practical purposes the latter may be re- 

placed by the milliradian, which is desirable because standard tables for converting 

degrees and minutes to radians, and therefore to milliradians by merely pointing off 

three places to the right, are readily available*. 

* See, for example,  ••Mathematical. Tables from the Handbook of Chemistry and Physics", 
7th Edition, page 158. 
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When these tables are applied to Cols 14-D and 14-E, Cols 14-F and 14-G,  respectively, 

are obtained*. 

Cols 14-H and 14-J.    Fig 3.09 will serve to illustrate the relation between the 

azimuth, elevation, and radial errors, with the following reinterpretation of symbols: 

OG   is the actual gun bore-lxne and    OT'T    the true gun bore line.    Then    a6   -   aT 

is the azimuth error and   ee - ^T    is the elevation error.    The radial error is, by 

del aiition,  angle    GOT'    , which can be found exactly by solving the spherical triangle 

GZT'    for the side    GT' = angle GOT1     , where the sides    GZ - 90° -   e0   and 

T'Z = 90    -eT      and angle    GZT'  = a
8 -  aT   are known.    In practice, however,  e     and 

ee are nearly equal and   ote  -   aT   is fairly small,  so that the radial error can be 

computed more simply by a procedure equivalent to the dead reckoning method in plane 

sailing.    Here the radial error is given by the fonnula"***: 

Angle GOT' =    ^ eQ - eT)2 + (^ _aT)
2 cos2 eT 

The quantity    ( <»6 - a.) cos e      is called the traverse error.    It and the elevation 

error form what amount to rectangular components of the radial error, whereas the 

azimuth and elevation errors do not.    For this reason the traverse error is some- 

times preferable to the azimuth error,  and Col 14-H is provided for its tabulation. 

It is found by multiplying Col 14-F by the cosine of Col 13-C,  or the cosine of 

Col 14-C if preferred.    Then the radial error (Col 14-J)  is merely the square root 

of the sum of the squares of Cols 14-G and 14-H.    It can also be found from the 

radial error chart (Fig 5.07), which was designed to give Col 1W directly from 

Cols 14-D, 14-E, and 13-C.    The details of its use-are given, in the Computer's 

Manual,  Section L. 

*   The abbreviation "millirad" means, of course, milliradian.    "Radn is not to be con- 
fused with its use in connection with sight reticles, where it refers to the radius 
of a given deflection circle. 

** This relation is stated in AliG-N No.  50, page 65, Cos e8 may be used instead of   f 
cos e    if desired, since the formula is not sufficiently accurate unless   ea   is 
near enough to  e     to make the effect of their difference negligible. 
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A-5.14. Form 27.    Although the primary objective has been reached when the radial 

gun-lead error has been computed (Section A-5.13), Form 27 for use in calculating the 

single shot probability is included here for the sake of completeness.    The theory has 

been discussed in various papers*; the required data are range at impact time,  radial 

gun-lead error at firing time, radius of the target,  (assumed circular),  and standard 

deviation of the bullet dispersion pattern (also assumed circular).    This information 

is then used with the probability tables given in AMP Report 10.2 H,   "Scatter Bombing 

of a Circular Target", by H. H. Germond and Cecil Hastings, Jr., or in graphs constructed 

therefrom.    Form 2? provides columns for recording the various steps in this process and 

the results.    The details will not be discussed further here. 

A-5.I5. Form 1$.    The desirability of assessing the gunner's performance in handling 

the fire control apparatus was discussed in Section A-2.08,    There it was pointed out that 

with the Mark 18 sight the desired information concerns the gunner's ranging and tracking 

errors.    Form 15 is designed for use in measuring the former and Form 16 the latter. 

Cols 15-A and 1$-B.    The frames to be assessed on the sight-camera film are 

listed in Col 15-A and the corresponding times from the proper conversion table in 

Col 15-B.    Since this 16 mm film runs at a nominal speed of 16 frames per second, 

standard practice calls for assessing every other frame in order to approximate the 

one-eighth second intervals which are the nominal spacings of the frames assessed 

from the gun and HAZEL films. 

Cols 13-C. 15-D. and 15-E.    The sight film is projected onto the screen in much 

the same fashion as the gun-camera film but using its own test-strips and framing- 

marks (see Section A-3.O6).    Since the nominal focal length of the sight-camera lens 

was 1.375 inches,  the projector with a nominal 3-inch lens should be about twice as 

*   See, for example, AMG-N No, 23,  "Computation of Single Shot Probabilities in Camera 
Sight Assessment", by A. A. Albert, and AMG-N No. 50,  "Camera Evaluation of Bomber 
Gun Sights", by the same author. 
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far from the screen as the CRADLE transit center is.    To get   a screen image 

of convenient size,    the projector should be about 100 inches away,  so that the CRADLE 

transit center is set    50 inches from the screen. 

Fig. 2.14 shows sample frames of sight-camera film,   in which the fighter and 

the sight reticle are visible.    On a liark 18 sight the latter consists of a center 

aiming-pip surroonded by six ranking-pips equally spaced on a circle whose center 

is the aiming-pip.    To estimate the gunner's ranging the three diameters formed by 

pairs of opposite pips are scaled and recorded in Cols 15-C,  15-D, and 15-E.    Since 

the gunner uses the inside of these pips in framing the fighter,  these measurements 

should be taken between the pip edges nearest the center.    In case one pip of a pair 

is not visible, the radius to the visible aiming-pip is to be measured and recorded 

with and indicated multiplication by 2.    As a rough check it is advisable tc record 

whether the gunner was overranging (reticle diameter smaller than   wingspanj or 

underranging (reticle diameter greater than wingspan),  noting especially all points 

of crossover from one to the other. 

Before proceeding to the next frame, the target and sight points are marked on 

the screen,  as will be described in Section A-5.16. 

Cola 15-F and 13-G.    Ideally Cols 15-C, 15-D,  and 15-E should all be equal.    To 

minimize the inevitable scaling errors, the arithmetical mean of these three columns 

is computed and recorded in Col 15-F.    This average is inversely proportional to the 

gunner's estimate of range,  called sight-range, which is calculated and recorded in 

Col 15-G.    The proportionality constant    Ko    for this compt'taMor is found from the 

so-called ranging shot, which should follow the boresight shot at the beginning of 

each flight.    It shows the reticle wher set at a specified range,   r0    , preiferably 

its minimum of 200 yards,  and a specified   wingspan setting,    w0    , preferably at  its 

maximum of 120 feet, in order to get as large an image as possible for reasons of 

accuracy.    The constant    K„    is computed from these data and th3 measured reticle 
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diameter,  s0 , en the screen by means of the formula K^ s Ko'w , where 

Ko' r r s /w0  and w is the wings])an setting during the attack (/4.2.33 feet for 

the F6F fighter's winglights). Thia formula is basically the same as the one for 

actual ranging, which is derived in the Theory Manual, Chapter A-2J-. In practice 

it is usually worth while to compute a sight-range conversion table, giving sight- 

range vs average reticle diameter. 

Cols 15-H and 1$-J. If the RAZEL range was read and graphed (see Section A-5.03), 

it can be recorded at the times of Col 15-B in Col 15-H. However, this column is 

usually omitted. 

The smoothed range itself is read from Sll-C at the times of Col 1$-B and re- 

corded in Col 15-J. If the gunner ranged perfectly and all calculations were accurate. 

Cols 15-G and 15-H would both equal Col 15-J. 

Cols 15-K and 15-L. A comparison of Col 15-J and Col 15-G, or with Col 15-H, 

gives the gunner's range error. As in the case of the gun-lead errors, the range 

error is defined to be the actual range minus the true range, so that a positive 

range error means that the gunner was overrangin^. Thus Col 15-K is Col 15-G minus 

Col 15-J, and Col 15-L, if used, is Col 15-H minus Col 15-J- The signs in Col 15-K 

and 15-L should be checked to see if they agree with the indications of over or 

underranging obtained in connection with Cols 15-C, 15-D, and 15-£, particularly at 

the crossover points, if any. A discrepancy will indicate mistakes or a lack of 

sufficient accuracy. 

Col 15-M« For some purposes it is more significant to exhibit the percent range 

errors rather than these errors themselves. Col 15-il provides a place to record these 

percentages, which are simoly 100 times the ratio of Col 15-K to Col 15-J in the usual 

* See also Section A-2.10, where mention is made of the possibility of checking K~ 
by using it to compute the actual range from wipglight measurements on the sight 
film and then comparing with the range from the gun-camera film. Discrepancies 
may be due to incorrect settings for r0 , w0 , or w , 
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case where the sight range is employed,    A similar percentage can be calculated 

from the RAZEL range,   if desired, by merely substituLing Col 15-L for Col 15-K. 

A-5.16. Form 16.    As mentioned above,  this sheet is used in the calculation of the 

gunner's tracking errors,  i.e.,  the measure of his accuracy in holding the aiming-pip 

on the target. 

Cols 16-A and 16-B are identical with Cols 15-A and 15-B,  respectively. 

Cols 16-C and 16-D,    One purpose of the sight film is to record the position 

of the aiming-pip,  whose center is called the sight point,  relative to the target 

point, defined as before to be the propeller hub on the F6F.    From this information 

and the previously determined position of the target point (see Section A-$.04), it 

is possible to find the azimuth and elevation of the sight point.    Differencing the 

azimuths and elevations,  respectively,  of these two points then yields the desired 

component tracking  errors, from which the radial tracking error can be computed in 

the same manner as the radial gun-lead error (see Section A-5.13) was found from 

its components. 

Cols 16-C and 16-D provide spaces for recording the smoothed target azimuth 

and elevation as read from Sll-F and Sll-G,  respectively, at the times of Col 16-B. 

In this connection,  it should be noted that these readings will be sufficiently 

accurate if correct to the nearest degree,  since the difference in azimuth and eleva- 

tion are not critically dependent on the values themselves.    Furthermore, the radial 

error formula (see Section A-5.13, where the subscripts   G   and    T    now refer to 

the sight and target points, respectively) involves the elevation of one of the 

points as well as the difference in elevation, but only the difference in azimuth 

appears.    This being the case, the construction of the transit and CRADLE permits 

the starting azimuth ( aT ) to be prescribed at will without altering the results, 

which means that the target azimuth need not be read and Col l6-C can be omitted. 
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tJarking Target and Sight Point?.    Since the tracking errors are to be found 

from a comparison of the positions of the aiming-pip and the target,  these points 

in general raust be marked on the screen in a manner similar to that used with the 

gun-camera film (see Section A-5.04).    However, when the gunner's tracking is good, 

as is frequently the case, it will often be impossible to distinguish the sight 

point from the target point on the screen.    Then the tracking errors are all zero, 

and it is unnecessary to mark either the sight or target point.    This situation is 

recorded in writing    S a T   in Col  lo-F to indicate that the sight and target points 

coincide.    Since the measurem^ ta of the reticle diameter,  which a^    also performed 

while each frame is being projected, are not measurably affected b,     »derate mis- 

alignment of the film,  it is not necessary to align it accurately when    S = T    . 

This results in a considerable saving of time and effort. 

".'/hen the sight and target points do not coincide,  the film image must be 

carefully aligned to the framing-marks and the sight and target points accurately 

located on the screen.    They are again distinguished by the letters    3    and    T    , 

respectively, followed by the frame number.    It should be noted that the lateral and 

vertical alignment is not so critical here as it was in the case of gun-camera film 

(Section A-5.04),  since both points to be compared appear on each frame.    However, 

the rotational alignment must be accurate to avoid distortions of azimuth and elevation 

readings.    Even so the radial error, i.e., the angular distance between sight and 

target points, would not be distorted;  in fact, if the component errors are not 

desired,  the radial error could be read directly by rotating the film, keeping it 

centered on the screen until the sight and target points both lie on either the 

horizontal or the vertical screen line and using the CRADLE transit in azimuth or 

elevation only. 

Cols 16-F and 16-G.    Unless they become too dense on some portion of the screen, 

the sight and target points for all frames to be assessed in the given attack are 
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marked and the reticle diameters scaled at the same time, before the CRADLE is used. 

When the screen marking is complete,  the projector is turned off and the CRADLE slid 

into operating position.    It is then used with each pair of target and sight points 

in the "Target-Point to Sight-Point Operations for Martin Forward Crown-Turret" (see 

the Computer's Manual, Section H, CRADLE Problem No. U), entering with Cols l6-C 

(which may be taken always zero) and 16-D and recording the azimuth and elevation 

of the sight point so obtained in Cols 16-F and 16-G, respectively. 

Cols 16-H and 16-J.    Following the convention adopted for the gun-lead errors 

(Section A-5.13), the tracking errors are defined to be the actual position (sight 

point) minus the true position (target point).    Thus Col 16-H is obtained by sub- 

tracting Col 16-C from Col 16-F, and Col 16-J by subtracting Col 16-D from Col 16-G. 

Cols 16-K,  16-L. 16-M. 16-N. and 16-E.    The conversion of Cols 16-H and 16-J 

to milliradians and to traverse and radial tracking errors proceeds in the same 

fashion as with the gun lead errors (Section A-5.13).    If desired.  Col 16-E may be 

used for tabulating the cosine of Col 16-D, needed in finding the traverse error, 

although this information can usually be taken directly from a table of cosines when 

needed, without the necessity of recording it, 

A-5.17. Final Graphs.    The results of the assessment are the radial and component gun- 

lead errors on Form 14, the actual and percent range errors on Form 15, and the radial and 

component tracking errors on Form 16, all as functions of time measured from the starting 

point near the beginning of the attack (frame number 001),    If a statistical analysis is 

to be performed,  these tabular data will suffice, but to interpret them as they stand it 

is desirable to plot them conveniently.    The following graphs were constructed for each 

attack of F. C. No. 14, where the time scale was shifted so that its zero occurs when the 

range is 800 yards: 

1. on the same sheet: radial gun lead error, radial tracking error, and percent 
range error, forming a summary sheet; 
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2. on another sheet:  gun-lead and tracking traverse errors and gun-lead and 
tracking elevation errors, thereby assembling all component errors in one 
place; 

3. target range and input (sight) range,  for comparison. 

For ready reference, a range scale it intervals of 100 yards was superimposed on 

all absci?sa time scales. Samples of final graphs are shown in Figs. 5.08, 5*09, and 

5.10. 
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CHAPTER A-6 

DETAILED PROCEDURES 

FOR THE ERCO PORT rfAIST-TURRET (F. C. NO. 9) 

A-6.01, Dependence on TarRet Data Elsewhere. During the experiments for F. C. No, 9, 

the Erco port waist-turret was equipped with gun- and sight-cameras, but it did not possess 

a RAZEL. Hence it was necessary to obtain basic target data from some other location on 

the boirber, either the tri-camera or another turret. The target azimuth, elevation, and 

range with respect to the Martin forward crown-turret, which was assessed simultaneously, 

were used for this purpose. 

A-6.02, Form 18. This sheet is used with the PLAXIE for the parallax correction of 

target azimuth and elevation from the Martin forward crown-turret to the Erco port waist- 

turret. Cols 18-B, 18-C, 18-D, and 18-E have already been discussed (Section A-5.06). 

Col 18-A is ordinarily omitted. 

Col 18-F. In Section A-3.05 the position of the PJAXIE transit on the arm was 

shown to be given by d = K/r , where K = h JJ , For this parallax problem h = 10.9 

yards and   8= 60 inches, so that K m  654*. If desired, a table could be constructed 

for the conversion from r to d . A useful though not complete check on d re- 

sults from the observation that d becomes larger as r gets smaller. 

Cols 18-G and 18-H. All needed data have now been assembled to use the PLAXIE 

as described in the Computer's Manual, Section J, PLAXIE Problem No, 2, The super- 

visor must make certain that it has the proper initial settings for 0^ and Ex 

(see Section A-3.05) and that the computers set the given data into the PLAXIE when 

the transit is at 0 (Fig, 3.11 (b)) and not at 0' , which is the most likely 

systematic error. 

The results are recorded in Cols 18-G and 18-H and should be checked before 

being plotted. For flat-side attacks it is easy to tell from the physical picture 

* To keep the units correct, d and ij are measured in inches and h and r in yards, 
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whether Col 18-G should be larger or smaller than Col 18-C, the former being true for 

an attack from port and the latter from starboard. No such simple check has been 

devised for Col 18-H, but it should differ relatively little from Col 18-D. Another 

useful check is to compute the difference between Cols 18-G and 18-C and between 

Cols 18-H and 18-D to be sure that they are smooth. Any points which are still out 

of line will be discovered when Cols 18-G and 18-H are plotted vs Col 18-B on an 

Erco working graph similar to that for the Martin turret shown in Fig. 5.01. Minor 

variations are removed by smoothing, although the chief purpose of this graphing is 

to permit interpolation of these target data at the Erco gun-camera frjame times (see 

Section A-6.03). 

A-6.O3. Form 19. In spite of its misleading and obsolete title, which should be 

changed to read "Gun Position" instead of "Actual Gun Lead", this sheet is used in taking 

target data from the Erco gun-camera film and in combining it with the parallaxed target 

position found on Form 18 to compute the gun position relative to bomber axes at the Erco 

turret. The details of the CRADLE and QL00K operations involved are given in the Computer's 

Manual, Section I, GL00K Problem No. 2. 

Cols 19-A and 19-B. The Erco gun-camera frames to be assessed, generally every 

other one, are listed in Col 19-A and the corresponding times obtained from the 

proper conversion table are recorded in Col 19-B, 

Cols 19-C and 19-D. To visualize the steps in finding the gun position relative 

to bomber axes at the Erco turret, it is necessary to understand the motions of the 

Erco turret and its guns and the definitions of the gun, turret, and bomber axes. The 

motions may be implied from a study of Fig. 2.01 (b) and are indicated schematically 

in Fig. 1.02. The axes are shown in Figs. 2.02, 2.04, 2.05, and 2.06. 

In order to get a larger effective field of view for the gun-camera shown in 

Fig. 2.01 (b), it is usually offset a few degrees toward the nose of the bomber in 

the traverse plane (the XgYg-plane of Fig. 2.06). This offset causes no difficulty 

as long as the borepoint on the gun-camera film is given by the position-shot. When 
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the gun-camera film is analyzed with the CRADLE, as described in the Computer's 

Manual, Section I, GLOOK Problem No. 2, Part I, the azimuth and elevation of the 

target with respect to the gun axes (Fig. 2.06) are obtained and recorded in Col 19-C 

and 19-D, respectively. Note that these are components of the actual gun lead and 

that they are found without the use of gun position data, in contrast to the method 

of analyzing Martin gun-camera (see Section A-5.04). 

If desired as a check on the ranging, the distance between winglights and/or 

marks may be scaled at the same time that the target point is marked on the screen. 

However, the results are generally not satisfactory in view of the characteristically 

poorer quality of the photography obtained with the 16 ram cameras. 

Cols 19-G and 19-H*. In addition to the components of actual lead of the target 

azimuth and elevation relative to bomber axes at the Erco turret are required,. These 

data are read from S18-G and S18-H at the times of Col 19-B and recorded in Cols 19-G 

and 19-H, respectively. 

Cols 19-E and 19-F» The GLOOK solves the problem of finding the gun azimuth and 

elevation relative to bomber axes at the Erco turret, using the data in Cols 19-C, 

19-D, 19-G, and 19-H, by reproducing the geometry of the turret, its gun, and the 

fighter at each instant of assessment. To visualize the steps in the solution given 

in the Computer's Manual, Section I, GLOOK Problem No. 2, Part III, the following 

facts should be kept in mind: 

1, The vertical turntable axis on the GLOOK represents the coincident Z- 
and Zt-axes of Fig. 2.06. 

2, The Y^-axis is represented by the rocker axis, so that the rocker motion 
represents inclination of the turret, 

3, The saddle is not needed and must be always set to read zero, in order 
to keep the rocker-axis always horizontal, i.e., perpendicular to Z^ , 

4« The Y-axis is also always horizontal and, since it differs from Y^ by 
the offset angle 5 , the ring is rotated through »5 from its initial 
setting. 

* It would be preferable to interchange Cols 19-G and 19-H with Cols 19-E and 19-F, 
respectively; the present order arose by a process of evaluation. 
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5» Azimuth and elevation with respect to the bomber axes are measured by 
the turntable scale and the auxiliary transit elevation scale,  respec- 
tively. 

6. When the GLOOK transit's elevation scale is set at zero, the telescope 
rotates in a traverse plane when moved in azimuth. 

7. When the GLCOK transit's azimuth and elevation scales are both set at 
zero, the telescope represents the gun. 

8. When the GLOOK transit's azimuth and elevation scales are set to read 
the values in Cols 19-C and 19-D,  respectively,  the telescope represents 
the line of sight to the target,  i.e.,   M    luplicates      a orientation 
of the CRADLE transit's telescope when  the data were ro       Trom the gun- 
camera film. 

The results of the GLOOK problem are the gun azimuth and elevation relative to 

the bomber axes.    From the standpoint of the GLOOK operation itself it is more con- 

venient to record them in Cols 19-E and 19-F,  respectively, although it would save 

copying later to record them directly in Cols 14-B and 14-C (of a Form 14 for the 

Erco turret).    Col 14-A is identical with Col 19-B, except that values of time for 

which there are no data in Cols 19-D and 19-C or 19-G and 19-H may b« omitted. 

A-6.04. Forms 12. 23. 13. and 14.    Having obtained the basic target and gun data, both 

v'th respect to the bomber axes, the assessment proceeds in essentially the same fashion 

as with the Martin turret (see Sections A-5.05, A-5.07, A-5.11, A-5.12, and A-5.13), but 

with certain modifications which will now be described. 

Col 12-A will not be used, and Col 12-B is the same as Col 18-B, except that times 

outside the interval for which data are complete on Form 19 may be omitted. 

To compute 0 , Cols 18-G and 18-H are used instead of 18-C and 18-D, again rounding   . 

off mentally to the nearest degree. 

The range in Col 12-D must refer to the Erco turret and not the Martin.    It can be 

found from scaling the winglight or mark distances on the Erco gun-camera film, but 

experience has shown that it is more satisfactory to obtain it by correcting the range at 

the Martin forward crown-turret for parallax.    The corrections are small, never exceeding 

the distance between the two turrets (about 11 yards).    In the Theory Manual, Chapter A-8, 

it is shown that this correction is independent of range, for practical purposes, and there- 
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fore is  a function of 6 only. A simple table is given, from which Col 12-D can be 

computed from Col 18-E and Col 12-C. 

Col 12-G and 12-H are to be omitted. 

Gyro data for Form 23 are read from the same graphs constructed for the Martin 

assessment (see Section A-5.09 and Fig. $.05) under the assumption that the bomber rolls, 

yaws, and pitches as a rigid body. In other words, fuselage deflection is assumed to be 

negligible between the two turrets (see Section A-2.09). 

Entries for Cols 23-B and 23-C are read from S18-H and S16-G, respectively, instead 

of Sll-G and Sll-F. 

There is no change in the method of handling Forms 13 and 14. 

A-6.Ü5. Forms 15 and 16. The procedure for Form 15 is the same for the Erco turret 

as for the Martin (see Section A-5.15) but the following modifications should be noted. 

The constant, K- for converting Col 15-F to Erco sight range is probably not quite 

equal to Ko , due to variations between the lenses. However, Kc is computed in the 

same manner as Ko (see Section A-5.15). 

RAZEL range never enters in the Erco assessment, so Col 15-H can be used to record the 

smoothed range at the Martin turret from Sll-C, at the times of Col 15-B. Then this range 

is corrected to the Erco turret as described in Section A-6.04> where 0 may be taken 

from Col 12-C. Even though Cols 15-B and 12-B do not agree exactly, they will usually be 

near enough to give 0 as closely as required. 

On Form 16 the chief difference is that both target and sight points a»e to be measured 

relative to gun axes, since to convert them to bomber axes would entail a considerable amount 

of unnecessary computation. The needed borepoint may be found from the sight-camera 

position-shot. Then the azimuth and elevation of the target and sight points are measured 

with the CRADLE as described in the Computer's Manual, Section H, CRADLE Problem No. 5 and 

recorded in Cols 16-C, 16-D, 16-F, and 16-G, Col 16-E is not needed. The word "smoothed" 

should be deleted from the heading of Cols 16-C and 16-D. 
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The errors are computed in the same manner as in the Martin assessment, but it must 

be remembered that each row is referred to the instantaneous gun axes. In practice the 

elevations are so small that the traverse error (Col 16-N) is essentially the same as the 

azimuth error (Col 16-K), For the flat side attacks of F, C. No. 9 these errors have 

effectively the same significance as before, since the traverse plane is nearly parallel 

to the Martin turret's azimuth plane, but this will not be ture in genera. 

A-6.06. Final Graphs. The Erco turret results were exhibited in the same form as 

those for the Martin turret (see Section A-5.17). 
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CHAPTER A-7 

MISCELLANY 

A-7.01. Necessity. In ths discusaions contained in the preceding chapters a number 

of separate topics related to the assessment have been omitted from time to time in the 

interest of avoiding excessive detail which would tend to interrupt the continuity. These 

subjects will be included in the present Chapter, their order of presentation being irrele- 

vant. 

A-7.02. Additional Responsibilities for the Supervisor. Many points which the super- 

visor must watch have been noted in the preceding chapters. The following additions have 

been dictated by experience. 

1. When two or more form sheets are used together, be sure that their rows are 

correctly lined up. A common column of time or frame numbers is the usual 

guide, but Forms 13 and 14 are exceptions, as pointed out in Section A-5.13« 

2. Insist that the headings on all form sheets and col- ,s be properly and 

completely filled in. Computers have a tendency to omit what appears to 

be superfluous, especially after an operation has become routine. In par- 

ticular the computer's initials mudt be recorded in the space provided, to- 

gether with the data and time the operation was started and completed. 

3. Impress the computers with the importance of following all directions ex- 

plicitly, asking questions until they understand thoroughly the work assigned, 

and noting on the form sheets all irregularities and omissions in the data 

with their exact cause. Such remarks are often vital to a correct interpre- 

tation of results and may furnish a clue to some trouble which has developed. 

They should be brought to the supervisor's attention as soon as possible. 

4. Determine the proper starting and stopping points for all operations to avoid 

both loss of data and unnecessary copying and computing. 
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5. See that all film is properly projected. Unless a demonstration is given, 

there is danger that the film will be projected upside down or backwards. 

6. Check all computing instruments before they are used to be sure that they 

are in satisfactory adjuntment and are set in the proper positions for the 

problem at hand, 

7. Be sure that algebraic operations are carried out with proper regard for the 

correct signs and rules. Careless computers have been known to ignore the 

signs and treat the operations arithmetically. As their title suggests, the 

computers should be persons with an understanding of elementary algebraic 

methods and a flair for accurate calculation. 

8. Institute adequate and frequent checks throughout the assessment. In some 

cases a repetition of the operation by different persons may be required, 

although independent conditions which the data must satisfy should be used 

as checks insofar as possible. It is also important to apply the checks as 

the data are received or as soon thereafter as possible especially in opera- 

tions involving the projection of film. This saves the time required in 

reloading the projector at a later date, and more important, avoids the 

possibility that incorrect data may be processed further, which would be a 

complete waste of time and effort. The importance of adequate checking at 

each step cannot be overemphasized, and time so spent is an economy in the 

long mm. 

A-7.03. Additional Form Sheets. Besides the data sheets described in Chapters A-5, 

A-6, and E-2 of this Manual, two others have been devised for special purposes. Since 

these may be useful in the future, they will now be discussed briefly. 

Form I?. This sheet is for usa in the parallax correction of target position 

data from one location to another. Its format is similar to that of Form 18 (see 

Sections A-5.06 and A-6.02); Form 18 is merely a special case of Form 17. Spaces 
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are provided in the headings for recording the values of o,  , '*%)  >  an(:i the conver- 

sion constant for computing d , and for listing locations at which the data are 

known and for which they are to be found by using the PLAXIE (see the Computer's 

Manual, Section J). Special note must be taken of the location from which the range 

is measured, as explained in Section A-3.05. One example of the use of Form 17 is 

in parallaxing target data obtained from the tri-camera to the Martin forward crown- 

turret. 

Form 20^. This sheet is for use with a scheme which avoids parallax correction 

from the f-lartin forward crown-turret to the Erco port waist-turret by assuming that 

the difference in true lead at the two turrets is negligible. Furthermore the true 

lead can be expected to be smooth, so that graphical interpolation is justified. 

Hence Form 20 has columns for forward crown-turret firing time and corresponding azimuth 

and elevation components of true lead, which are then graphed and smoothed. Columns 

are also provided for the waist-turret firing times and corresponding components of 

true lead read from the smooth curves. 

This procedure was not followed, because of uncertainty about the validity of 

the basic assumption for turrets so far apart. It was first devised by AUG-N and 

used for parallaxing between turrets located much closer together**. 

A-7.04. Suggested Revisions of Form Sheets. As a result of experience in using the 

form sheets several desirable revisions have become apparent, some of which have already 

been mentioned {see  Section A-6.03). The chief addition to this list is to consider re- 

placing Forms 13 and Ik by a single sheet, even though it would have to be larger than the 

standard size, in order to avoid mistakes in aligning their rows correctly. This source 

of difficulty was also mentioned in Section A-7.02. 

* No sample of Form 20 is given. 

** Gee AMG-N No. 47, "A Modified Computation Procedure for Camera Bomber Sight, Assessment'', 
by A. A. Albert. 
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It would be more natural to place the time columns on Form 10 and 11 next to the 

respective frame number columns instead of at the right as at present. 

On Form 11 it would be desirable to provide coluims for the gun azimuth and eleva- 

tion in the case where they must be read from P10-F and P10-G at the times of Col 11-H. 

This would eliminate the possible need for a separate sheet for these data, as mentioned 

in Section A-5.04. 

Other revisions of existing form sheets and drafting ot* new ones may be required for 

processing data from similar or entirely different assessments. 

A-7.05. List of Constants for F. C. Nos. 9 and 14. The following list of important 

constants used in the assessment of data for F. C. 9 and 14 is included for completeness. 

It must be emphasized that they apply only to these particular experiments as analyzed at 

Northwestern University during the summer of 1945• Any changes in recording or assessing 

equipment, including their installation, may well alter some of the values given below. 

Distance between centers of wing-lights on F6F, A. T. No. 5 = 42 ft 4-l/ß in. 
Distance between centers of wing-marks on F6F, A. T. No. 5 = 24 ft 5-1/2 in. 
Offset angle, 6 , of Erco port waist-turret's axis of rotation on PB4Y-2, 

A. T. No. 14, = 8° 52' in the negative azimuth direction (Section A-2.03). 
Flight angle, P0 , for gyro set No. 1 = 2° 18' in the negative pitch direction 

(Sections A-2.07 and A-5.09 and Fig. 2.13). 
Distance from CRADLE to screen in Bay #1 ■ 50 inches. 
Distance from 16 mm projector to screen in Bay #1 ■ about 100 inches. 
Distance from 35 mn projector to screen in Bay #1 = about 150 inches. 
Distance from CRADLE to screen in Bay #2 = 100 inches. 
Distance from 35 ram projector to screen in Bay #2 r about 150 inches. 
Intentional offset of RAZEL azimuth index = 2° in the positive azimuth direction 

(Section A-5.03). 
Ranging constant to convert F6F, A. T. No. 5» wing-light measurements (inches) 

on the screen of Bay #2 to range (yards), K, = 1400 (Section A-5.04). 
Ranging constant to convert F6F, A. T. No. 5J wing-mark measurements (inches) 

on the screen of Bay #2 to range (yards), K? z 809. 
Ranging constant to convert diameter (inches) of fik 18 sight reticle on Martin 

forward crown-turret, measured on the screen of Bay #1, to sight range 
(yards), K3 = 716.8 (Section A-5.15). 

Ranging constant to convert diameter (inches) of Mk 18 sight reticle on Erco 
port waist-turret, measured on the screen of Bay #1, to sight range (yards), 
K5 = 706.1 (Section A-6.05). 

Distance between centers of Martin forward crown-turret and Erco port waist- 
turret on PB4Y-2, A. T. No. 14, h = 10.9 yards (Fig. 2.02). 

PLAXIE settings for parallax correction of target data from Martin forward crown- 
turret to ^rco port waist-turret, «!= 185° 39' and ^ = 5° 48' 

(Sections A-3.Ü5 and A-6.02). 
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Constant to convert range (yards) into distance (inches) which P1AXIE slider 
moves for the above parallax problem, K = hi r 654> where h = 10.9 yards 
and  t r 60 inches (Fig. 3.11 (b) and Sections A-3.05 and A-6.02). 

A-?.06. List of Known Errors in F. G. Nos. 9 and 14. The terras "mistake" and "error" 

are often used synonymously, but a distinction is made here. By a mistake is meant an 

incorrect use of some instrument, process, or operation, i.e., a wrong move on the part 

of a computer or other person, even though unintentional. On the other hand an error is a 

shortcoming of some piece of equipment or method which introduces inaccuracy into the 

assessment. The mistakes can be discovered by checking the data, whereas to eliminate the 

errors, refinements in the sensitivity of the instruments used or more precise methods of 

handling the data or both are generally required. 

A list of known individual errors and the best estimates of their maximum Eiagnitudes, 

insofar as they are available, is included here to indicate the present state of the 

assessment techniques and to set off the features most in need of improvenient. By far 

the mo^t serious errors are related to synchronization, ranging, and RAZEL scale reading. 

Errors inherent in the airborne recording equipment and its installation are not included, 

and it is assumed that the data obtained are reliable. Otherwise the errors in attempting 

to handle incomplete or erratic data are likely to be larger than listed below. It should 

also be noted that only the estimated maximum magnitudes are given. Thus an error listed 

as 2 minutes, for example, means that the actual value obtained is estimated to be within 

2 minutes of the correct value, plus or minus. 

Estimated 
Source of Error Maximum Magnitude (♦) 

Computing frame times 0,007 second 
Synchronizing various films 0.04 second 
Reading RAZEL scales 6 minutes 
Scaling wing distances 0.02 inch 
Using simplified range formula 1 yard 
Plotting position data (on regular scale 1 minute 

on double scale 2 minutes 
Plotting range data 1 yard 
Smoothing positive curves (on regular scale 3 minutes 

on double scale 6 minutes 
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Source of Error (continued) 

Smoothing range curves 
Reading from position curves (on regular scale) 

(on double scale) 
Reading from range curves 
Interpolation in gun data (depending on curvature of gun 

data curves) 
Setting and reading transit scales 
Basic alignment of CRADLE, GLOOK, PLAXIE 
Locating true angle-point 
Locating framing-marks on screen 
Centering film on framing-marks 
Marking target-, sight-, or bore-point 
Aiming telescope at screen points 
Setting and reading GLOOK scales 
Calculating bullet time-of-flight (if range is accurate) 
Calculating bullet time-of-flight (effect of range error) 
Plotting time-of-flight 
Smoothing time-of-flight curves 
Reading from time-of-flight curve 
Reading gyro scales 
Plotting gyro data 

Reading from gyro curves 

Ballistic deflections from DOFOGRAPH 
Scaling reticle diameters 
Parallax correction of range 
Parallax correction of position (effect of range error) 
Fuselage twist 
Film Shrinkage 

A-7.07. Time Estimates for F. C. Nos. 9 and 14. The following estimates of the time 

required to carry out various steps in assessing one attack of F. C. Nos. 9 and 14 are 

based on experience at N. U. P14E during the summer of 1945. They cannot, however, be 

taken literally, since a great deal depends on such variabl- factors as the type and 

length of the attack, the quality of photography, irregularities in the film data, status 

of computing equipment (assumed in working order below), the working conditions, and the 

ability of the computers. The figures are for an average attack having 50 readings, i.e., 

lasting about 6 seconds with a reading every l/8 second. Two persons are assumed to be 

working together on all CRADLE and GLOOK operations, which is more efficient than having 

Estimated 
Maximum luagnitude (t) 

2 yards 
1 minute 
2 minutes 
1 yard 

6 to 12 minutes 
1 minute 

3 minutes 
1 minute 
2 minutes 
2 minutes 
2 minutes 
1 minute 

0.5 minute 
0.005 second 
0.001 sec/yard error 
0.001 jecond 
0.001 second 
0.001 second 

0.5 minute 

0.5 minute 

0.5 minute 

0.5 minute 
0.02 inch 

0.5 yard 
1 min/yard error 
unknown* 
unknown* 

* But probably quite small. 
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only one operator.    One or two persons may be employed on th'3 FLAXIE, the total man hours 

being about the same either way. 

F. C. No. U 

Operation or Step Man Hours per Attack 

Inspecting, editing and cutting film 8 
Constructing time conversion tables 2 
Gun position (graphed RAZEL data) 2 
Target position (via CRADLE) 8 
Range determination 2 
Time-of-flight (including plotting) 12 
Gyro data 1 
Local stabilization (via GLOOK) 4 
Gun lead errors 2 
Range errors 3 
Tracking errors 5 
Final form 6 
Checking 15 

TOTAL  70 

F. C. No. 9 

(assuming target data available from F. C. No. 14) 

Operation or Step Man Hours per Attack 

Inspecting, Editing, and cutting film 4 
Constructing time conversion tables 1 
Parallaxed target position (via PLAXIE) 5 
Target position (via CRADLE 3 
Gun position (via GLOOK) 8 
Parallaxed range 2 
Time-of-flight (including plotting) 12 
Local stabilization (via GLOOK) 4 
Gun lead errors 2 
Range Errors 3 
Tracking errors 5 
Final form 6 
Checking 15 

TOTAL "TO" 
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Hence the time required to assess one average attack for one turret is about 70 man 

hours.    It should be noted that this does not include supervising time spent in organizing, 

scheduling, and expediting the work or maintenance time necessary to keep the computing 

equipment in working order and alignment. 
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CHAPTER   A-8 

BIBLIOGRAPHY 

The following references form a fairly complete bibliography of the subject as used 

by the present research group.   Those given will aid the reader in becoming acquainted 

with some of the papers which have made important contributions to the subject treated. 

In addition to those papers containing the results of basic investigations, an attempt 

has been made to list also papers which develop the investigations in further detail 

than was possible because of space limitations.    The papers listed are given in chrono- 

logical order for each grouping. 

N. U. Pl/tE Documents 

CALVERT, J. F., and E. L. BUELL,  "Prellminarv Theory for a Method of Free 
Gunnery Assessment", PUE Memo No. 3 (19 Mar 1944). 

STAFF OF P14E,  "Bullet Transit Time (or Flight Time) Approach to the Aerial 
Assessment of Free Gunnery - Devices and Calculating Procedure Based on Photo- 
graphic Data", P14E Memo No. 10 (31 May 1944). 

BUELL, E. L., J. F". CALVERT, J. A. GREENWOOD, R. S. HARTENBERG, and A. D. 
HESTENES,  "Report on Trip to Eglin Field, Florida", P14E Memo No. 1? (7 Aug 1944). 

BUTLER, L. E., and E. L. BUELL,  "Progress Report on the Aerial Gun Sight 
Evaluation Using a Deflectometer", P14E Memo No. 19 (15 Sep 1944). 

GORRELL. WARREN, JR.,  "Camera Line-Up on the PB4Y-2, No. 14", P14E Memo No. 24 
(26 Dec 1944;. 

RYAN, J. J.,  "A Recording Instrument for Measurement of Aircraft Orientation", 
P14E Memo No. 36 (7 Apr 1945). 

HUNTER, H. F., and E. L. BUELL,  "Note on Error in Lead Due to Gun Camera's 
Displacement from Turret Center of Rotation", P14E Memo No. 40 (11 Aug 1945). 

BURR, A. H.,  "Final Report - Aerial Gunnery Assessment (Photographic Method)", 
(31 Oct 1945). 

U. S. N. A. S. Patuxent River Documents 

PAYNE, W. R.. S 2/c, and L. L. POKORNY, S 2/c, "Azimuth Scribing Errors on 
RAZEL", letter to Lt. Comdr. R. J. Teich (20 Sep 1944). 

FIRE CONTROL GROUP,  "Fire Control Analysis Program for Lead Computing Sights - 
Proposed Fixed Gunsight Photographic Assessment Method", TED No. PTR 32154 (20 Oct 1944). 

CONFIDENTIAL 



CONFIDENTIAL sec. A 
U. 3. N. A. 3. Patuxent River Documents (Continued) 

FIRE CONTROL GROUP,   "Test of the Mk 18 Gunsight in the Erco 250 TH Turret - Fi 
Report", TED PTR 32154 (May 1946) 

AMP Documents 

PIRANIAN, GEORGE,   "Simple Formulas to Fit the Values Tabulated in the Firing 
Tables FT 0.50 AC-M-1", AMP Memo No. 104.1 (also AMG-C No. 130) 6 Apr 1944. 

GERMOND, H. H., and CECIL HASTINGS, JR.,  "Scatter Bombing of a Circular Tar- 
get", AMP Report No. 10.2 R (also knovm as AMG-C No. 302) May 1944. 

GREEN, ALEX E.  S.,  "Ballistic Formulas", AMP Memo No. 104.2 M (Jun 1944). 

HUTCHINSON, L. C, and J. H. LEWIS,  "The Stereographic Spherimeter",  AMP 
Memo No. 107.1 M (also AMG-C No. 290) Jan 1945. 

HUTCHINSON, L. C, and J. H. LEWIS,  "Correction of Roll, Pitch and Yaw 
with the Spherimeter", A1£F Memo No. 107.2 M (also AMG-C No. 366) Feb 1945. 

ALBERT, A. A.,  "Camera Evaluation of Bomber Gun Sights", AMP Report No. 
142.1 R (also AMG-N No.  50) Jul 1945. 

ALBERT, A. A..  "A Manual for the Use of Gnomonic Charts", AMP Note No. 23 
(also AMG-N No. 62) Oct 1945. 

HESTENES, MAGNUS R.,  "Deflection Formulas for Airborne Fire Control", AMP 
Report No. 104.2 R (also AMG-C No. 247 R) Oct 1945. 

AMG-N Documents 

ALBERT, A. A.,  "The Relation Between the Horizon and the Gyroscopic Headings 
for Position Determination", AMG-N No. 2 (8 Sep 1944). 

ALBERT, A. A.,  "Coraputav.ional Procedures in the Time of Flight Method of 
Sight Assessment", AMG-N No. 5 (9 Oct 1944). 

PIRANIAN, GEORGE,  "Ballistic Formulas for the Caliber 0.50 API M8 Projectile", 
AMG-N No. 8 (12 Oct 1944). 

WOLFE, R. S.,  "Yaw,  Pitch and Roll and the Horizon Camera", AMG-N No. 16 
(27 Nov 1944). 

ALBERT, A. A.  (diary of),  "Camera Assessment at Brownsville, Patuxent, and 
Eglin", AMG-N No. 17 (1 Dec 1944). 

PIRANIAN, GEORGE,  "Prospectus on Ballistic Charts for Caliber 0.50 Pro- 
jectiles Fired from Moving Aircraft", AMG-N No. 21 (22 Dec 1944). 

ALBERT, A. A.,  "Confutation of Single Shot Probabilities in Camera Sight 
Assessment", AMG-N No. 23 (5 Jan 1945). 

CONFIDENTIAL 



CONFIDENTIAL sec. A 

AMG-N Documents (Continued) 

ALBERT, A. A., "Gyro keasurement of Rotations of Axes", AMG-N No. 36 (2 Mar 1945). 

ALBERT, A. A., "Gnomonic Charts", AMG-N No. 38 (8 Mar 1945). 

WOLFE, R. S., "The "Cradle" Computation for the Erco Side Turret", AMG-N 
No. 45 (24 Apr 1945). 

ALBERT, A.A., "A Modified Computation Procedure for Camera Boniber Sight 
Assessment", AMG-N No. 47 (2 May 1945). 

WOLFE, R. S., "Confutations for "Dofograph" Ballistic Correction Charts", 
AMG-N No. 54 (4 Jun 1945). 

ALBERT, A. A.. "A Note on Assessment When the Gun-Camera is Offset", AMG-N 
No. 64 (9 Jul 1945;. 

ALBERT, A. A., "Camera Evaluation of Bomber Gun Sights", AMG-N.No. 50 (also 
AMP Report No. 142.1 R) Jul 1945. 

GIVENS, ;v., "Results of a Recomputation of Sight Evaluation Test Data", 
AMG-N No. 79 (23 Aug 1945). 

GIVENS, W., "Optimum Dispersion with the Mark 23 Fighter Gunsight", AMG-N 
No. 83 (5 Sep 1945). 

ALBERT, A. A., "A Manual for the Use of Gnomonic Charts", AMG-N No. 62 
(also AMP Note No. 23) Oct 1945. 

AMG-C Documents 

PIRANIAN, GEORGE, "Simple Formulas to Fit the Values Tabulated in the Firing 
Tables FT 0.50 AC-M-1", AMG-C No. 130 (also AMP Memo No. 104.1) 6 Apr 1944. 

GERMOND, H. H., and CECIL HASTINGS, JR., "Scatter Bombing of a Circular 
Target", AMG-C No. 302 (also AMP Report No. 10.2 R) May 1944. 

STAFF OF AMG-C, "Analytical Assessment of Aerial Gunnery - A Summary of the 
Program of AMG-C", AMG-C No. 225 (27 Jul 19A4). 

HUTCHINSON, L. C, and J. H. LEWIS, »The Stereographic Spherimeter", AMG-C 
No. 290 (also AMP Memo No. 107.1 M) Jan 1945. 

HUTCHINSON, L. C, and J. H. LEWIS, "Correction of Roll, Pitch and Yaw 
with the Spherimeter", AMG-C No. 366 (also AMP Memo No. 107.2 M) Feb 1945. 

* 

BENNETT, R. F., and A. SARD,  "The Assessment of Gun-Camera Trials", AMG-C 
No. 370 (also SRG-C No. 440) 28 Mar 1945. 

SMITH, P. A.,  "Local Stabilization of Coordinates", AMG-C No. 417 (l6 May 1945). 

CONFIDENTIAL 



CONFIDENTIAL s«. A 

AMG-C Docximenta (Continued) 

SWAIN, R. L.,  "Roll, Pitch, Yaw Corrections by Table", AMG-C No. 43.3 (4 Jun 1945). 

SMITH, P. A.,  "Gyro Measurements of Hotation", AMG-C No. 405 (rev.)  (7 Jun 1945). 

SMITH, P. A.,  "Application of the Air Mass Coordinate Method to Aerial Gunnery 
Assessment", AMG-C No. 471 (27 Jul 1945). 

HESTENES, MAGNUS R.,  "Deflection Formulas for Airborne Fire Control", AMG-C 
No. 247 R (also AMP Report No. 104,2 R) Oct 1945. 

SRG-C Documents 

BENNETT, RONALD,  "The Use of Cine-Gun Trials in Assessing the Effectiveness 
of a Fire Control System", SRG-C No.  241  (no date given). 

BENNETT, RONALD,  "Estimation of Hit Expectancy or Bullet Density from Aim- 
Error Observations Known to Contain Observational Error", AMG-C No, 360 (20 Nov 1944). 

BENNETT, R. F., and A. SARD,  "The Assessment of Gun-Camera Trials", SRG-C 
No. 440 (also AMG-C No. 370) 28 Mar 1945. 

Reference Books 

WRIGHT, T. W., and J. H. HAYFORD,  "The Adjustment of Observations", 2nd ed., 
D. Van Nostrand Co. (New York, 1906). 

LAMB, HORACE,  "Higher Mechanics" Ist ed., Cambridge University Press (Cambridge, 
1920). 

JONES, D, C,  "A First Course in Statistics", 2nd ed., G. Bell and Sona, Ltd., 
(London, revised and reprinted, 1929). 

AMES, J. S., and F. D. MÜRNAGHAM, "Theoretical Mechanics", Ist ed.. Ginn and 
Co. (Boston, 1929). 

USPENSKY, J. V., "Introduction to Mathematical Probability", 1st ed., McGraw- 
Hill Book Co.,  Inc. (New York, 1937). 

CHEMICAL RUBBER PUBLISHING CO.,  "Mathematical Tables from the Handbook of 
Chemistry and Physics", 7th ed., Chemical Rubber Publishing Co. (Cleveland, 1941). 

WORTHING, A. G., and J. CEFFNER,  »Treatment of Experimental Data", 1st ed., 
John Wilay and Sona Inc. (New York, 1943). 

Miscellaneous Papers 

PAXSON, E. W,, "Elementary Mathematics of Aerial Gunnery", The Jam Handy 
Organization,  (Detroit, Jun 1943). 

CONFIDENTIAL 



CONFIDENTIAL sec. A 

Miscellaneous Papers (Continued) 

MINNEAPOLIS-HONEYWELL REGULATOR CO., "Automatic Pilot, Type C-l, Handbook of 
Operation and Service Instructions", Uinneapolis-Honeywell Regulator Co., Minnea- 
polis, Minnesota (25 Jun 1943). 

STERNE, MAJCR THEODORE E.,  "On Direct Firing Tables for Flexible Aircraft 
Gunnery, with Particular Reference to Caliber 0.50 A. P. M2 Anununition B. R. L. 
Report No, 396", Aberdeen (Maryland) Proving Ground (2 Sep 1943). 

RESEARCH BULLETIN NO. 106, LAREDO ARMY AIR FIELD,   "Ballistic and Deflection 
Formulas for Aerial Gunnery", Research Division, Laredo (Texas) Army Air Field 
(27 Jun 1944). 

HQ AAF PROVING GROUND EGLIN FIELD, "Final Report on Test Evaluation of 
Aerial Guns and Gun Sights", Serial No. 2-44-22,  AAF Board Project No. F3270 
(29 Jan 1%5). 

PICdES, E. G., MEMBER SECTION 7.2 N.  D. R. C,  "The Air Mass Coordinate 
Method of Aerial Gunnery Assessment", (15 Feb 1945). 

RADIATION LABORATORY, M. I. T., CAMBRIDGE,   "Errors of Optical Range Deter- 
mination Report 91.5 - 7/20/45", Radiation Laboratory, M. I. T., Cambridge, 
Massachusetts. 

P14E STAFF,  "Survey of the PB4Y-2, A. T. No. 14, Drawing P14E-32-2, 3". 

CONFIDENTIAL 



CONFIDENTIAL sec. c 

BOMBER   VS    FIGHTER:     BOMBER    IN    EVASIVE    ACTION 

CHAPTER    B-l 

THE    THEORY - A    BÜIEF    TREATMENT 

B-l.01.  Content.    The transit-time procedure for straight line flight at constant 

speed has been developed and used to assess several different turrets.    This 

Section will develop the necessary additional procedures that will permit the same 

sights, turrets, and aircraft to be assessed in evasive action as well as in straight 

line flight.    No attemot will be made to include procedures for parallax correction or 

any other problems common to both linear and evasive flight. 

B-l.02.  Possible Solutions.    One possible solution to the problem of assessing free 

gunnery during evasive action would be to neglect any deviation from a straight line, 

constant speed flight and correct only for change in attitude.    This is the solution used 

by Eglin Field and is identical in principle to the method of making roll, pitch and yaw 

corrections described in Section A and the Computer's Manual.    For mild and gentle evasive 

tactics (perhaps a normal acceleration of ten ft/sec2) this procedure is not too much in 

error, but for the expected maneuvers in which the normal accelerations may approach sixty 

ft/sec2 (or about two g net) the error in correct gun bore-point introduces by neglecting 

deviation from straight line flight may be as great as forty minutes of arc. 

Since the present assessment program has been aimed at an accuracy of about one minute 

for any single operation and has hoped for an over-all accuracy of the order of one mil 

(about three minutes of arc), this possible error of forty minutes is much too great to 

overlook.    To develop an accurate method of evasive action assessment, two courses were 

available; 

(1) To modify the existing equipment and procedures for straight line flight as 

necessary for evasive action, 
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(2) Develop a different method. 

A preliminary study showed the former alternative to be simpler and more direct. 

B-1.03. Chosen Solution. The method presented in this Section utilizes all of the 

devices required for straight line assessment, with the addition of a three-comj.onent 

accelerometer (including synchronized camera) and one supplementary computing instrument. 

The operating procedure is based on the straight line assessment with roll, pitch and 

yaw corrections, modified to include the magnitude and direction of evasive action. 

The theory of evasive-action assessment of a bomber is more easily understood by 

creating a fictitious or ghost bomber. The ghost bomber is defined as coinciding with 

the real bomber at firing time and travelling thereafter with a constant vector velocity 

equal to the vector velocity of the real bomber at firing time. In other words, during 

the bullet flight-time the ghost bomber is always in the position the real bomber would 

have occupied if it had continued on a straight course at constant speed after the firing 

time. If the observed target (attacking fighter) data, as seen from the real bomber, could 

be corrected to data as would be seen from the ghost bomber, these latter data could be 

used in the present straight line assessment procedure. The major part of this report is 

devoted to the development and explanation of methods of converting the observed data as 

seen from the real bomber to the target data as would be seen from the ghost. 

In Fig. 1.1 are shown the real (and ghost) bomber 0 at firing time, the real bomber 

B at impact time, the ghost bomber G at impact time, and the fighter F at impact time. 

The vector BF is obtained at present from photographic data. The vector GF is required 

—*■ 

to apply the straight line assessment procedure. One way of obtaining the vector GF is 

to let the GLOOK represent the bomber B , with a point on the GLOOK screen representing 

the fighter F ; on moving tba GLOOK through the vector distance BG to a position 

corresponding to the ghost G and sighting on the point F , GF would be established. 

Since the GLOOK is a large and heavy instrument it would not be practical to translate it 

from B to G ; a feasible solution is to hold the GLOOK stationary and construct an 
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attachment to fit on the screen.  In Fig. 1.1 the parallelep^raja FEC-S is constructed 

on the triangle FBG with FS = BG and GS = BF . The more convenient method of 

obtaining the vector GF is to let the GLOOK represent the ghost bomber G and from 

photographic data locaLe point S on the GLOOK screen. Instead of moving the GLÜCK 

through the distance BG , locate the fighter F at the distance Sr = GB from the 

point S with the aid of an auxiliary computing instrument, called the kONKEY. The 

vector GF can now be obtained by sighting the GLOOK on the fighter F , It is the 

principal purpose of this report to derive and develop methods of calculating the vector 

BG and to indicate how the MONKEX can be used with the GLOOK to represent the vector FS . 

B-1.0/+. Device MONKEY. Before proceeding to the methods of calculating the vector 

quantity BG , it will be helpful to have the idea of the MONKEY and its relationship to 

the existing GLOOK set-up. The L10MKEY is shown at about half-size in Fig. 1.2(a); this 

is a photo of a wood mockup. Basically the MONKEY consists of two sections; (1) a flat 

surface (tail) suitable for marking with a light-pencil, and (2) several auxiliary motions 

to locate this tail in the desired orientation. The tail will contain the two points F 

and S . The point S wil lie on a circular arc whose center »ill always be at a constant- 

distance from the center of the GLOOK (See Fig. 1.2(b)), while  F will be moved around 

so that a line joining the two points represents the vector FJ . The 

auxiliary motions which locate the tail in the desired position are sirailsr to those of 

the GLOOK. The successive motions given the tail are elevation, azimuth, roll, pitch, 

yaw, and rotation about GLOOK. The sliding motion of the MONKEY'S tail is tnree inches 

(for use with an arm swinging a forty-five inch arc), and the other mechanisms are as 

small as convenient around the tail. In order to insure one minute accuracy at the GLOOK 

(one minute accuracy in correct bore-point) the distance between the two points on the 

tail must be known to 0.01 inch and the various angles to one-half degree, 

B-1.C5. Assumptions and Limitations. In developing the theory for evasive-action 
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assessment several assumptions have to be made.    The three major assumptions are: 

(1) That the bomber's path during the bullet time-of-flight can be closely 
approximated by a reasonably simple curve; 

(2) That instruments such as accelerometers and air speed indicators of 
sufficient accuracy to determine the bomber's path are available or can 
be developed; 

(3) That angle of attack or skid of bomber can be measured, assumed, or ne- 
glected. 

Two alternative procedures are presented for calculating the deviation of the bomber 

from straight line flight at constant speed.    These procedures are designated as METHOD A 

and METHOD B.    The only differences between the two methods are Uj  the type of curves 

chosen to represent the bomber's path and (2) the resulting calculation procedures,    Since 

the evasive tactics which present heavy bombers can undertake are limited to maneuvers in 

which the total normal acceleration is less than about t 2,5 or 3.0 g, and since the pre- 

sent maximum assessable bullet time-of-flight is less than about 1.5 seconds,  it may be 

shown that for purposes of assessment, the bomber's pach is closely approximated by a 

space curve whose two radii of curvature are constant, or even by a portion of a circular 

arc.    A later section (Art. 13-3.07j discusses the errors of assuming either of Ihese curves, 

B-1.06.  Geometry of Flight Paths.    METHOD A assumes that during the bullet flight- 

time the path of a bomber undergoing evasive action can be satisfactorily approximated 

by a space curve which lies on the surface of a vertical right circular cylinder and 

which becomes a circular arc when the cylindrical surface is developed.    Fig, 1.3 shows 

a curve   xy   which can be defined by two constant radii,    R^    the radius of the cylinder , 

and   Ry   the radius of the curve on the developed surface.    In this method of representa- 

tion, an airplane making a turn in the horizontal plane has    R^    equal to the radius of 

the turn and    Rv    equal to infinity,,    Likewise an airplane making a loop in the vertical 

plane has    Ry    equal to the radius of the loop and   RH   equal to infinity.    A spiral dive 

in the path of a helix is shown in Fig. 1,4. 
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LIETHOD B assumes that during the bullet flight-time the path of the bomber can 

be approximated by a circular arc of constant radius R , The plane containing this 

arc xy makes an angle y  with the horizontal plane as shown in Fig. 1,5. For a 

horizontal turn, M/ - 0 and R corresponds to the Ru of METHOD A. For a vertical 

loop,  V  z 9°     and R corresponds to the Rv of METHOD A. For other values of V 

the circular arc of METHOD B cannot be represented exactly by METHOD A. On the other 

, a spiral dive and certain other curves lying on the cylinder of METHOD A cannot be 

represented exactly by METHOD B. 

B-1.07. Determination of Flight Path for METHOD A. In a preceding paragraph con- 

cerning METHOD A, the bomber's path was described in terms of two radii of v-urvature. 

These radii can be expressed in terms of measurable quantities and the vector deviation 

of the actual flight path from a straight line path at constant speed can be calculated 

from the following values*: 

RH = V2C032Y (I)-; and 

V2 
%=-- (2); 

where       Rjj = radius of cylinder, ft, 
Ry = radius of arc on developed surface of cylinder, ft, 
V   s speed of bomber, relative to air mass, ft/sec, 
v   a climb angle, or angle between horizontal plane and tangent to line 

of flight, positive if climbing, degrees, 
AH = normal acceleration in horizontal plane, g. 
Ay = normal acceleration in vertical plane (perpendicular to both line 

of flight and A^), g. 

It is proposed to obtain the speed V from an air speed indicator, the angle of climb 

Y from gyros and angle of attack information, and the normal accelerations from accelerom- 

eters and gyros. Since the accelerometers are to be fixed in the bomber and will be 

* For detailed mathematical derivation see Theory Manual. 
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influenced by gravity, the obseirved readings must be corrected to obtain the desired 

linear and normal accelerations. 

If Nx, Ny, Nz s observed acceleroraeter readings, g, (positive if acceleration occurs 
in direction cf positive X, Y, or Z axis where positive X-axis is 
along right wing, positive Y-axis is forward along fuselage, and 
positive Z-axis -'s up and normal to X and Y. See Fig. 1.6). 

Ap = linear acceleracion, g, 
R, P s roll and pitch angles (roll about line of flight, positive if right 

wing is up; pitch in a vertical plane, positive if nose is up), 
degrees, 

then approximate equations for the normal and linear accelerations, which are rigorous 

if the Y-axis of the bomber or of the gyros and acceleroraeter units correspond to the 

tangent to the line of flight, are*: 

AH - NxCosR - NzoinR (3); 

AF = Ny - sinP (4); 

Ay = NxsinR + Nzco3R - cosP       (5), 

rfith the knowledge of the bomber's attitude, speed and three accelerations throughout the 

bullet flight-time, it is possible to calculate the vector quantity by which the real 

bomber is removed from the ghost at the end of bullet flight-time. In this METHOD A 

the location of the bomber is calculated with reference to a coordinate system whose 

origin is located at the ghost at impact time and whose orientation is determined by the 

horizontal component of the tangent to the line of flight at firing time. See Fig, x.6. The 

line OB lies on the surface of the cylinder and represents the path of the bomber. The 

line OG lies in the tangent plane and represents the path of the ghost. Based on geo- 

metric principles the magnitude of the vector GB ,  5 , is found to be approximately 

^2 
hzm

2
g{q.A2.^ 

2  — n  r y (6) 

where  AT = bullet time-of-flight, sec. 

* For derivs+ion and rigorous equations when Y-axis is not along the tangent to the line 
of flight, see Theory Manual, 
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This equation is accurate tr within one percent at high speeds or low accelerations 

such that 

V > 2(AT)g(Ag + 4 + kfä 

The direction of the vector GB is expressed in terms of azimuth a , and elevation e , 

where 

tan «si and tan e -   z 

y ' (x2 t y2)^ 

These angles are approximately rei)resented by 

tan a = ^        , (7) 
Q 

'1 
2 "3 

YQ = Y at firing time. 

where       Q - AF(1 - II.) _ AH m . Av( YOT n) , ( Y0 in radians) 

«> =/_-ilL-lATg n JÜUTß 
,a2Yl \v/„. Vcos 

> 

av 
.2 

AV(1 - J^.) * AFY0 
and        tan K i  (g) 

(Ag-Q2)i 

Charts have been prepared (see Appendix) to facilitate calculations of 6 , a , and e . 

Once calculated these values can be used in the MONKEY to obtain the target data as 

viewed from the ghost as indicated earlier in this report. Of the seven possible motions 

on the MONKEY, this method uses f_ve. The MONKEY is swung up or down around the GLOOK 

to the desired position , yawed around to be in the proper orientation, and then the 
1 

three calculated values 6 , « , and e locate the tail in correct position, 

B-1.0ß. Determination of Flight Path for METHOD D. In introducing METHOD B the 

bomber's path was described in terms of a single radius lying in a slant plane making an 
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angle f with the horizontal plane. In terms of measurable quantities the radius may 

be defined as 

R = V2    , (9) 
Ag 

where R = radius of arc, ft, 

V - speed of bomber as in METHOD A, ft/sec, 

A = resultant normal acceleration (in slant plane), g, 

= (A§ ♦ A|)2 

The speed and accelerations are obtained as described above in METHOD A, but the vector 

quantity by which the real bomber is removed from the ghost at the end of bullet flight- 

time is calculated in a different manner. In METHOD B the bomber's path is assumed to 

lie in a plane (slant plane) and consequently the path of the ghost lies in the same 

plane. This simplification permits calculation of both the magnitude 5 , and the direc- 

tion E , of the vector GB to be carried out in a plane, once the location of the plane 

is established. See Figs. 1.7 and 1.8, 

Although the slant plane has been described as making an angle f with the horizontal 

plane, it is more convenient for our purposes to define this plane by the angles ? and 

YT , The slant plane (Fig, 1,7) contains the tangent to the line of flight at impact 

time (Y-axis) and the radius CB of the circular arc (along the X-axis), The angle YT 

is the angle between the horizontal plane and tangent to the line of flight at impact 

time. It is measured in the vertical plane and is a pitch angle. The angle w  is the 

angle between the slant plane and the horizontal plane and is measured in the normal 

plane (plane perpendicular io the tangent to the line o; flight at impact time) and is 

a roll angle. The angle YT is obtained from gyros and angle of attack information 

while tan q; s Av/AH . The angles YT and <p are then put. into the MONKEY ar pit^li 

and roll angles to get the MONKEY'S tail into the slant plane. 
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.Vith the L'ONKEY'S tail located in the correct plane, the angle 5 , which is put 

in as an azimuth angle, and the magnitude 6 locate the vector G^ . As in METHOD A, 

5 is approximately defined as 

6 = iML^g(A§ ♦ A^«. A^)i       (6) 
2 

The angle 5 * can be expressed as a function of p and x where 

P = Ml B    >  and 
V g 

AAT ., . 

this function has been calculated for the most frequent values of p and x and is 

given in the " £ - Function Table1 , (Chart VIII), 

#   tan I k /JLA 1 »(ig " 5P Z 6P
2

\V + x3 
U-p) x    V 1?       '       10 
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CHAPTER B-2 

EXPERIMENTAL REQUIREMENTS 

B-2.01. Instrumentation. In addition to the instruments required for straight 

line assessment, the assessment of gunnery during evasive action requires the use 

of the following instruments and data or their equivalent: 

(1) A three-component accelerometer (linear) with synchronized camera; 
(2) A speed indicator (including outside air temperature and altitude, for 

giving TAS); 
(3) Angles of attack and skid*; 
(4) A MONKEY. 

Other instruments which might be used to give pertinent information but which are 

not required in the procedures presented here: 

(1) Angular accelerometers; 
(2) Highly sensitive air speed indicators for one or three directions; 
(3) Angular velocity meters; 
(4) Any of several instruments for determining flight characteristics and 

for aiding pilots, 

B-2.02. Accelerometers. As pointed out in Art. B-1.05, the path of a bomber 

undergoing evasive action can be expressed in terms of normal accelerations and for- 

ward velocity. Although there are other ways of expressing the path of the bomber, 

this method appears to be the most favorable. This is true since only moderately 

accurate and sensitive accelerometers are needed to determine the bomber's path with 

the required precision, while the other methods require highly accurate and sensitive 

instruments (precision type requiring extensive development and perhaps not suitable 

for airborne operation). A more detailed discussion of the accuracy required is 

presented later. In order to obtain data of the required precision, each of the 

three accelerometers should be accurate at all times to Z 0.05 g and readable to 

* In this section the angle of attack is defined as the pitch angle minus the 
climb angle, where all three angles are measured in vertical planes. The angle 
of skid is defined as the angle between the horizontal projection of the tangent 
to the line of flight and the Y-axis of the gyro box. The climb angle is de- 
fined as the angle between the tangent to the line of flight and the horizontal 
plane. 
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Z  0,01 g. The three acceleroraeter units should be located as near as possible to the 

center of gravity of the boiaber, and be of convenient access. The following equations 

give the errors which may be expected if the units are located away from the center 

of gravity. 

AAx = y o(y + z nH *. x(w| - ^2) t 

AAy = z oip ♦ x at ■♦■ y(u)p ♦ "y) , 

AAZ = X «R, I" y «p   ♦ 2C«»p *wR)  , 

whei^  AAX, A Ay, AAZ = errors in X , Y and Z accelerometer readings, ft/sec^, 

x, y, z = distance from center of gravity, ft, 

a = angular acceleration, rad/sec , 

u s angular velocity, rad/sec, 

subscripts 

Y, P, H = yaw, pitch and roll, respectively. 

■ 

In addition to the above specifications more points should be considered. The accelero- 

meter readings must be synchronized with the gyro and the other films. If a camera is 

used to record accelerations, the airspeed indicator should be in this camera's field of 

view. For heavy bombers like a PB^Y-2, structural, mechanical, and operational features 

limit the permissible maneuvers. In view of these limitations the range of the Z-accelero- 

meter should be about -1 g to +3 g and the range of the X- and Y-acceleroneters should 

be about -1 g. 

B-2.03. Air Speed Indicator. Although not as important as an accelerometer, an air 

speed indicator also is required for accurate determination of the bomber's flight path, 

*Vith a Y-axis acceleroraeter available to record changes in forward speedj the necessity 

for a highly sensiti'/e air speed indicator is eliminated. However a moderately accurate 

air speed indicator with little time lag, which gives results to within 10 mph of the 
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correct speed relative to the air mass is good enough for this purpose. If an indicated 

air speed meter is used, the auxiliary instruments such as outside temperature recorder 

and altimeter should be included in such a way that the true air speed (TAS) can easily 

be obtained correct to ^10 mph. To simplify camera operation and film reading, the 

necessary information to obtain TAS should be recorded on one of the available films— 

perhaps on the accelerometer film, 

B-2,04, Angles of Attack and Skid« In order to stabilize the accelerations to axes 

determined by the tangent to the line of flight and by the horizontal, it is necessary 

to know both the angle of attack and the skid angle. For extreme accelerations these 

angles should be known to one-half degree. An error of one-half degree in either angle 

together with an acceleration of two g may easily cause an error which is greater than 

the specified limit of "one minute accuracy per operation as referred to target position". 

It may be entirely possible to determine these angles with sufficient accuracy from 

loading data and speed together with the bomber's flight characteristics. 

If the accelerations are stabilized to the bomber axes corrected for roll only, then 

the angle of attack and skid can be used to determine velocity components normal to the 

bomber's Y-axis, This method is under development and may prove superior to the method 

of stabilization to the line of flight. 
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CHAPTER B-3 

COMPUTING INSTRUMENTS AND PROCEDURES 

B-).01. Device MONKEY. As indicated in B-1.04 the ~ONKEY (see Fig. 1.2(a)) consists 

of two parts, a flat surface (tail) suitable for marking with a beam of light, and sev

eralauxiliary motions to 1 cate the flat surface (tail) ~n the desired orientation. The 

tail contains two points representing the F and S in Fig. 1.1. These two points are 

indicated by crossed lines for ease in ·aiming a beam of light containing cross-hairs. 

One point, S , is always at a fixed distance from the center of rotation of the GLOOK, 

butit rotates around the GLOOK in a vertical plane as the entire MONKEY rotates. This 

point is also the center of rotation for the sever al MONKEY motions described below. The 

other point, F , is capable of being placed at various specified distances and directions 

from the first point S • The distance from F to S is regulated by sliding the 

tail out the required distance. The means of orienting the tail is described in the next 

paragraph. 

The auxiliary motions which are necessarJ to locate the ta~l in the desi red o~ienta-

tion are seven in number: 

(1) The flat surface containing the two points rotates about the line passing 
through the two points. This motion permits maximum visibility of the flat 
surface from the GLOOK transit. The inclination of the surface can be 
changed without altering the location of the two points. 

(2) The flat surface rotates in elevation about an axis through the first point, 
S As in a transit, the normal position of the tail at zero elevation 
is horizontal. If the tail is extended (point F slid away from point S ) 
positive elevation places point · F up from the horizontal while negstive 
elevation places it below the horizontal with respect to point ~ 

(3) The tail and elevation mechanism rotate about the az muth-axis in a manner 
similar to that of a transit. Azimuth is measured positive in a clockwise 
direction as viewed from above. If all of the MONKEY'S scales of rotation 
are set at zero and the center of the MONKEY is in the same horizontal plane 
as the center of the GLOOK, then the center of the GLOOK, the poj~t S and 
the point F all lie along a horizontal line with S in between the other 
two points. Furthermore, if all the GLOOK scales are set at zero, then the 
transit is pointed at the bliONKEY along this sam~ horizontal line. 

(4) The az~nuth mechanism rotates about the roll-axis. 
(5) The roll bearing rotates about the pitch-axis. 
(6) The pitch bearing rotates about the yaw-axis. 
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(7) The yawing mechanism rotates in a vertir;?! plane about the center of the 
GLOOK in such a manner that the yaw axis remains (or can be set) in a 
vertical position and the point 3 on the tail (center of all the 
above MONKEY rotations) remains at a Tixed known distance from the 
center of the GLOOK rotations. 

The above seven motions of rotation together with the sliding tail describe all the 

MONKEY'S motions. Additional conunents and specifications are given in the following 

paragraph. 

The general comments and specifications are: 

(1) Since the purpose of the flat tail surface is to receive a beam of light 
from the GLOOK transit, all yokes, dials and other mechanisms and devices 
should obstruct the beam of light from the GLOOK as little as practicable. 

(2) It is expected that both attacks from above and from below will be assessed» 
For this reason the MONKEY should operate easily in both normal and upside 
down position. All adjustments will have to be made and dials read in 
both normal and upside down positions. 

(3) Most changes in settings on the MONKEY will consist of successive small 
adjustments. The order of making the settings is theoretically immaterial 
and will be determined on the basis of ease of operation, 

(i+) Overall dimensions and weight should be as small as practicable. 
(5) In order to retain "minute accuracy per operation" all dials should be able 

to be set accurately to one-quarter degree. It is recommended that gradua- 
tions on all dials be made to five degrees with vernier to one-quarter degree. 

(6) Overall precision^ including deflections and play, should be such that the 
angle between the two points, F and S , as viewed from the GLOOK is at 
all times correct to within one minute. 

In addition to the general comments and specifications listed above, the following specific 

requirements must be met: 

(1) The tail must be (a) wide enough to accept the projected cross-hairs of the 
transit on each point, (b) long enough to extend the second point, F , 
three inches from the first point, S , and (c) graduated to 0.10 inch with 
a vernier to 0.01 inch. 

(2) The elevation, azimuth, roll and pitch and yaw mechanism dials should be 
graduated from 0 to 360 degrees in both directions. 

B-3,02, Supplementary Data Needed, In addition to the photographic data and instru- 

ments required for straight line assessment with corrections for roll, pitch and yaw, 

evasive-action assessment requires these additional data and computing instruments: 

(1) Accelerometer film. Tills film contains pictures of three accelcromet 
dials and one air speed meter together with the usual timing marks o 
means of synchronizing the information on this film with other films 
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(2) Angles of attack and skid information. Some weans of determining or esti- 
mating the angles of attack and skid should be available. 

(3) MONKEY. In place of the present GLOOK screen and auxiliary transit to 
indicate single points, a means of indicating two specified points to high 
accuracy is required. The MONKEY satisfies this requirement. 

B-3.03. Flow Charts and Step-by-Step Solutions. The step-by-step computation pro- 

cedure for METHOD A and B are outlined in the accompanying Flow Charts VII and VIII, A 

comparison of these flow charts with Flow Chart III (straight line flight with corrections 

for roll, pitch, and yaw) shows the following major differences: 

(1) In addition to the RAZEL film, gun-camera film, and gyro film, an accelero- 
meter film is required. 

(2) The GLOOK is operated yaw-pitch-roll and therefore the pitch and yaw gyro 
readings are corrected for use in the GLOOK instead of correcting the roll 
and yaw readings. 

(3) In between gun-camera Step 5Jgyro Step 5 and Step 6,many steps, based on the 
accelerometer film are inserted, and they include operation of the MONKEY. 

(4) Correction tables are required for use with the DOFOGRAPH. 

B-3.04. Computation Steps Common to-METHODS A and B. Since the computations of the 

stabilized accelerations and MONKEY tail are the same for both METHODS A and B, these 

computations will be discussed first. 

Gyro Film. Step 5« Also record roll and pitch at impact timep ir. Columns 32-E, 

32-F, (and 34B-G for METHOD B only). 

Gyro Film, Step 6, Obtain angles of attack and skid from any available reli- 

able source. Perhaps the flight characteristics of the  bomber are known and 

angle of attack (or skid angle or combination of the two) can be obtained from 

speed, altitude, and loading data. For impact times compute the climb angle Y 

from Column 32-F and angle of attack and record in Column 34-1. Using Columns 

32-E and 32-F and trig tables compute sin R, cos R, sin P, cos P to the nearest 

0.01 and record in Columns 32-G, 32-H, 33-B, and 33-C. 

Caution; At this step the computation of these four trig functions is 
sufficient if the accelerations can be calculated to the required 
accuracy by means of simplified formulas. This simplification 
is valid only when the angles of attack and skid are small. See 
discussion under Ace, Film 6 end in appendix for further infor- 
mation, 

* Form Sheets 34A, 34B, 35A, 35B, and 36A indicate their association with either METHOD A 
or B. In notes on computing procedures, reference is sometimes made to only a Form 34 
or 35j it is to be understood that Form 34A or 34B, etc., whichever is consistent with the 
chosen Method, it to be used. 15 
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Ace. Film, Step 1. In the same manner as for the gyro film, read the 

accelerometer and speed dials at selected intervals and record speed 

to one mph and X , Y , Z accelerations to Ü.01 g in Columns 31-C, 31-D, 

31-E and 31-F, 

Ace. Film. Step 2. The air speed reading may have to be corrected for any of 

several reasons. A TAS meter may have calibration or time lag corrections. An 

IAS meter must be corrected for outside air temperature and altitude in addi- 

tion to calibration corrections. Make necessary corrections and record corrected 

speed to one mph in Column 31-G. The X , Y , Z accelerations will pro- 

bably require calibration corrections of some kind. Make these correctiona and 

record to nearest 0.Ü1 g in Columns 31-H, 31-1 and 31-J. 

Ace. Film, Step 3» For convenience in interpolation, smoothin& and averaging, 

the corrected speed and acceleration readings are plotted against frame numbers 

and corresponding time scale. 

Ace. Film, Step 4» Read graph (Ace. Film, Step 3) at values of impact timep 

obtained from Gun-Camera Film, Step H and record accelerations to 0.01 g in 

Columns 3^-B, 32-C, and 32-D. Record speed to one mph in Column 33-K. 

Aec. Film. Step 5» From Gyro Film. Step 6 and Ace. Film. Step 4 compute the 

products Nxcos R , Nzsin R , Nxsin R and Nzcos R to nearest 0.01 g and 

record in Columns 33-D, 33-E, 33-F, and 33-G. 

Aec, Film, Step 6. From Gyro Filtn. Step 6 and Aec. Film. Step 5 compute the 

accelerations AH , Ap , Ay and record in Columns 33-H, 33-1 and 33-J. 

These accelerations are obtained fr'-m the following approximate equations, 

AH s Nxco8R ~ NzsinR 

Ap = Ny - sinP 

Av r Nxsinli + MzcosR - cosP 
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Caution:  These equations are sufficiently accurate only when the angle 
of attack and angle of skid are less than one-half degree. If 
the angle of skid, A , is less than one-half degree, and the 
angle of attack, f> , is less than five degrees, then 

AH = Nxcosl1 ~ NzsinR 

Ap = Nxsinp sinR ■♦■ Ny - Nzsinj? cosR - sin y 

Ay B NxsinR - Nysinp ♦ NzcosR - cos Y 

If either -A is greater than one-half degree or f   is greater 
than five degrees these equations become more complex, (see 
Theory iilanual for complete equations). 

Ace. Film, Step 7. Compute average values (averaged over transit time) of AM 

Ap * Ay , V and P . The best method of averaging has not been determined 

If the variations are close to linear, the arithmetic average of initial and end 

values might be accurate enough. Perhaps reading the graphs (Ace. Fijn. Step 3) 

at an average time value (average between firing time and impact time) would 

be satisfactory. Record these average values in Columns 34-C, 34-D, 34-E, 34-F 

and 3U-G. 

Note; For iffiTHOD B the average value of pitch, P , is not required. 
Column 3itB-G will contain pitch at impact time. 

Ace. Film, Step A. Compute the resultant nornvrl acceleration, A , from the 

average normal accelerations, A^ and Ay , (Columns 34-C and 34-E) by the 

equation 
A - (AJj * A^)i 

This calc'lation can be made with the aid of Chart II. Record A to nearest 

0.01 g in Column 35-B. Be sore that A is given the same sign that A^ has. 

2   2 l 

Ace. Film. Step B. Compute A. - (A + A,,)2 to the nearest 0.01 g from 

Columns 35-B, 34-D with the aid of Chart II and record in Column 35-C. Note 

that A t is always positive, 
o 

Ace. Filmt Step C. Compute the magnitude of the deviation of the bomber from 
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the ghost by the following equation 

6   = i Ax    (^T)2 

n 

This calculation can be made with the aid of Table III. Note that for con- 

sistent units A   must be multiplied by 32.2 to get b   in feet. The value 
(5 

of 5 should be calculated as accurately as is required to get L in Ace. 

Film. Step E to 0.005 inch (see below). This may be about 0.05 feet or one 

percent whichever is the larger. 

Ace. Film. Step D. Read plot of range data (Gun-Camera Film. Step C) at values 

of impact timep and record these ranges, D , in Column 36A-E.  (35B-J for 

METHuD B). 

Note;     In these instructions the observed range data-observed from bomber- 
are used in the detennination of transit time and in the calcula- 
tion of the length of the DONKEY'S tail - see next step.    The 
correct procedure would be to obtain range as would be observed 
from the ghost and use these corrected values of range for transit 
time and tail length calculations.    This correction,  however, is 
difficult to make and the magnitude of it is small enough to neglect. 
A comprehensive discussion of this correction is presented 
in the Theory Manual. 

Ace.  Film.  Step E.    Compute the length,    L    , to which the MONKEY'S tail must 

be extended by the equation 

T  _ K6 

" 3 D 

where    K = radius of MONKEY rotation in inches, 

5 = distance from bomber to ghost,  feet, 

D - range of target,  yards. 

This length should be computed to the nearest 0.005 inch a.nd recorded in 

Column 36A-F.     (35B-K for METHOD E). 

B-3.05. Computation Steps Unique for METHOD A.    In the preceding paragraphs the de- 

tailed computation steps which are the same for both METHOD A and B were given.    In these 
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next paragraphs the steps which are for METHOD A only are described. 

Ace. Film. Step 8.    From average values of    P    as recorded in Column 34A-G and 

angle of attack information oOKipute 

Y      - P      -ß r av -    av      *■ ay 

and record to nearest o^e-half degree in Column 34A-H. 

Ace. Film. Step 9« Compute m and n from Column 34A-C, 34A-E, 34A-F, 34A-H 

and 34A-J, where 

m -(      AH      )   AT and n Jh.] 
W cos2Y/ W/ 

AT 

av av 

These calculations can be made on Chart IV and the results recorded to the 

nearest 0.00]  in   Columns 35A-E and 35A-F,    Notice that    m   and    n    have respec- 

tively the same signs as    Aj|    and   A^    .    The chart includes conversion to 

consistent units.    As the equations are written.    A«    and   Ay    should be in 

ft/sec ,    V    in ft/sec,    y    in radians and     AT    in seconds. 

Ace. Film. Step 10.    Compute    Q   from  Columns 34A-C, 34A-D, 34A-E, 34A-I, 35A-E, 

and 35A-F where    Q    is defined approximately by 

Q=AF(l-^)-AHa.Av(Y0+a) 

This calculation can be made on Chart V and   Q    recorded to the nearest 0,01 g 

in Column 35A-G,  Since the chart incorporates conversion to consistent units, Yo 

is used in the chart in degrees.    If direct calculation of   Q   from the above 

equation is attempted,  ^o    should be converted to radians,    (See Theory Manual 

for rigorous equation for    Q    ), 

Ace, Film. Step 11,    Compute    W   from Columns   34A-D, 34A-E and 34A-I where    W   is 
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approximately defined by 

yV= ^   (l -il)* Afy0 

This calculatio 
This calculation can be made on Chart VII and   W    recorded to the nearest 0.Ü1 g 

in Column 36A-B.  As with    Q    (see above) the chart uses    {0   in degrees although 

it must be converted to radians if the equation is used directly.    (See Theory 

Manual for rigorous equation). 

Ace.   Film.  Step 12.    Compute    S    from Column 34A-C and 35A-G where 

S r (A^ t Q2F 

This calculation can be made with aid of Chart II and    S    recorded to the 

nearest 0.01 g in Column 36A-C.    Note that    S    is always positive. 

Ace.  Film,  Step 13.    Compute    tan    F.    from Columns 36A-B and 36A-C where 

tan s    = H/S 

and record tan e in Column 36A-D and e to the nearest one-quarter degree in 

Column 36A-G. 

Ace.  Film. Step 14.    Compute    tan    a    from Columns 34A-C and 35A-G where 

tan a   - Aj^/Q 

and record   tan n     in Column 35A-H and    a    to the nearest one-quarter degree in 

Column 36A-K. 

Ace.  Film. Steps 15 and 16.    Use GL00K and MONKEY to compute target azimuth and 

elevation at impact-tiraep with respect to turret axes at firing-tiraep.    Record 

in Columns 13-B and 13-C,    This operation is carried out as follows: 

(1)  Set GLOOK at    elevation -      Robs ~ Co1 2-*-B 

azimuth      =     «obg - Col 23-C 
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roll    = aT - Col 23-E 

pitch - PT - Col 23-D 

yaw      = YT - Col 23-F 

Note:     For this setting the pitch is put on the saddle and the roll 
on the rocker.    The zero azimuth is along the roll axis.    The 
MONKEY or screen should be in line with the transit beam when 
all GLOOK scales (azimuth, yaw, and ring, especially) are at 
zero.    The MONKEY'S tail should be pointing directly away from 
the GLOOK if all of its  scales (yaw and azimuth especially) 
are at zero. 

(2) Rotate  ring and MONKEY to bring transit beam onto zero point of MONKEY'S 

tail or onto screen. 

(3) Head angle on ring.    Record in Column 36A-I. 

Note: In this procedure it is assumed that the ring reads positive 
for a clockwise motion and that the conditions above in Note 
for (1) regarding the GLOOK scales are valid. 

(A.) Calculate ( cr^   + ring - Y,^) and record in Column 36A-J.     The value of 

a  is obtained from 36A-H,  ring from 36A^I, and    Y      from 23-J. 

(5) Set MONKEY at 

%z{  «5 ♦ ring - Y0)   - Cd 36A-J 

Pm=    Rj - Col 36A-G 

Tail - L - Col 36A-F. 

Note: In this setting the yaw, pitch and roll scales of the MONKEY 
are all set at zero. 

(6) Adjust MONKEY until zero of tail is in line with transit beam.    This 

may require some rocation of GLOOK ring. 

(7) Set GLOOK at 

Roll = RQ _ Col 23-1 

ritch = Po " Col 23-H 

Yaw  = Y0 - Col 23-J. 
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(8) 3ight transit on tip of MONKEY'S tail by changing GLOOK azimuth and 

GLOOK elevation.    Read off desired values of target azimuth and eleva- 

tion.    Record in Columns 13-B and 13-C. 

E-3.06. Computation Steps Unique for LETHOD B.    In the preceding paragraphs were given 

the detailed steps which are the  same for both METHOD A and B and those which are unique 

for METHOD A.     In the next paragraphs the steps which are only for METHOD E are  described 

Ace.  Film    Step 8.    For impact-timep values of    P    as recorded in Column 34B-C- 

and angle of attack compute       Yt r ^T ~ ^t       ancl record to nearest one-c^uarter de- 

gree in Coluirn 34B-H. 

Ace.  Film,  Step 9.     Compute    x    and    p    from Columre 35B-B, 34B-F and 34B-J,  where 

x =(£.] AT and p -(^j  AT 
V av av 

x - 

These calculations can be made on Chart IV and the results recorded to the 

nearest 0.001 in Column 35B-E and 35B-F.    Notice that    x    and    p    have the same 

signs as    A    and    Ap    respectively.    The chart includes conversion to consistent 

units.    As the equations are written,    A    and    Ap    should be ft/sec  ,    V    in 

ft/sec, and AT    in seconds. 

Ace.  Film.  Step 10.    Compute   P.   from   x   and    p    in Columns  35B-E and 35B-F.    This 

calculation can be done with ChartVIII and recorded to the nearest one-quarter de- 

gree in Column 35B-G 

Ace.  Film.  Step 11.    Compute    tan  «p    and {$    from Column 33-H and 33-H, where 

tan (p - -Ü 

Record tan <p and y  in Column 35B-H and 35B-I. The angle <D     should be obtained 

to the nearest one-quarter degree. 
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Ace.  Filxa.  Steps 12-16.    Follow the procedure for METHOD A,  Steps 15 and 16, 

with the following changes: 

(1) and (2) Same; 

(3) Record in Column 35B-L in-stead of 36A-I; 

(4) Calculate (Y^ - ring) and record in Column 35B-4i.    Y- is obtained from 

Column 23-F and ring from Column 35B-L. 

(5) Set the MONKEY at: 

Tail = L , or Col35B-K, 

Elevation = 0 

Azimuth = - E , or Col 35B-G, 

Roll = »T , or Col 35B-I, 

Pitch = YT , or Col34B-H, 

Yaw = (YT- ring ), or Col35B-M; 

(6), (7) and (8) Same. 
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Art. B-3.07. Balliatic Corrections.    In the assessment theory which hae been developed 

it was assumed that the projectile traveled in a straight line.    The validity of this 

assumpoion Kill depend upon the type of projectile which was fired.    In most cases it 

would be necessary to apply a correction to allow for the deviation of the projectile from 

a straight line.    In the assessment work so far it has been found most convenient to apply 

these corrections to the target position. 

A series of graphs giving the ballistic corrections per second time-of-flight as a 

function of target azimuth and elevation for different airspeeds and altitudes of the 

airplane has been prepared by AUWJ.    These graphs,  called DOPOGRAPHS, are valid only when 

the airplane flies in a horizontal plane. 

Dr. George Piranian has developed a method for calculating corrections to these 

DOFOGRAPHS for the case when the airplane does not remain in a horizontal plane (see 

AMG-N 172). 

The following are some suggestions for computing the corrections described in AMG-N 172? 

1. Determine the azimuth,   a    , and elevation,   e    , of the target with respect 
to a horizontal plane from the azimuth,  «'   , and elevation,   R'    , of the 
target with respect to the bomber which is pitched,    P0   , and rolled,   R0 , 
from a horizontal plane. 

2. Find the direction   A"    ,    E»    of the axis    a  - 90°    b   0°   with respect to 
unstabilized bomber coordinates by pitching througn   P     and rolling through   R0 

3. Compute the corrections which are given at the end of AMG-N 172 as a function 
of «'   ,    e'   ,    A'    ,   E'    and    a   . 

A. To the ballistic corrections corresponding to «'   ,6*   on the DOF0GRAPH add 
the correction given under Step 3. 

In performing the roll and pitch in Steps 1 and 2 either a GL0OK or a gnomonic chart 

may be used.    It would probably be most convenient tr make a chart or graph of the evasive 

action corrections as a function of  « *  ,   8'   ,    R   and   P    . 
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B-).08. Ducusaion and Limitations. In the preceding sections the theory was pre

sented in brief form and the computation steps described in detail. In t his Section ex-

planations and limi.tatiooa ot eome ot the poihta will be presented. 

Firat o~ all, the two computation p4'0cedurea (ME'niOD A and UETHOD B) were baaed oo 

ditterent geometric assumptions and can eaei~ give different results. METHOD A assumes 

that two normal radU of curvature are constant (or rather that the uae of ave-rage val.uea 

introduces negligible error). METHOD B assumes that ooe reRltant radius of cur'f&ture ia 

coostant and remaina in a plane. These assumptions can easily be checked tor any given 

problem to determine which method ia nearer to the actual case. If both ~ and 2c ~ 
y2 y 0 y 

remain cooatant (see Section B-1.07) during the bullet night-time, then the actual path 

~·~ ot the evading bomber corresponds to the aaaUIIIptions ot ME'mOD A. It both y4 and 

r~ + ain2 Y J l'8lll&in e a t (- SectiOft B-1.011) clur:IDg the bullet fiigll~ • ._ 

~e assumptioos of WETHOD B are identical with the actual eonditioaa. .la aeen fi'OIIl :&{. (9) 
2 2 

AU • Av • A_2 = , • on page 8, ~ When this tena 1a constant the resultant. racl1ws of 
v4 v4 (Bg)2 

curvature is constant and one of the conditi.Cllla ot K8'l'HOD B ia obtained . 'fhe otber CCIIldi.-

tion (planar path o! bomber) is ~ atistied - ~ + .u.2 l J 1a -· !his 

condition is sutricient when 'v; 0 11 a.t. wiMD Ay: 0 ,. 1 JUat. · be. ze ba-n 

planar motion. This second condi.tioa ia .urn i.ent to specil) planar o the. r 

Ai 2 Av; 
en the resultant radius, ll 11 1a canatant. ;2 = a:in I ,. (DOte that. tan ; c:. A;£ ) 

and both - and l Y&l"7 bet.-. ~ • • (IRMD ~ .. ! .- ,. Y : 0 aad wha~~ - : 0 , 

r = ! • ) . Anotber .,. ot putt.ing tbia 1a .ur2 Y • .m2 - = rin2 " ,. and' m Gl"dev f.2 -
to M-n planar .,u.oa ' ...t. be const.at. .a. u.r.tore ~ • ~ l J lll8t be> ~. 
I In the deYelopDII!IIlt preaett.ed berw tnnsit-tu. - obtained t'ram aetual range da.ta 

in&~ or the desired re.nge (Nnge n-o. £float ~}. 'Ibis introduces: ., .. ernJr but it 

1s nner la.rge . In tbe Tbeo17 llanual meana are prea:eated tor obtaining the range. data trom 
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the ghost bomber.    During operation of the MONKEY and the GLOOK Uie range from the ghost 

is easily seen as represented by the distance (GF in Fig. 1.1) from the GLOOK center to 

point   F   on the MONKEY'S tail, while the range from the real bomber is represented by 

the distance (GS or BF in Fig. 1.1) from the GLOOK center to point    S    . 
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CHAPTER   B-4 

EVASIVE    ACTION    ON    GNOMON IC*   CHARTS 

B-4.01. Scope.    The general problem of evasive action and methods of solution have 

been discussed in the preceding chapter.    It is the purpose of this section to describe 

an alternative "instrumentation",  i.e., a procedure not making use of the GLOOK and MON- 

KEY, but a procedure utilizing a gnomonic chart   a chart on which are drawn curves 

such as a GLOOK might trace with its light-pencil on a fixed flat screen properly oriented 

In evolving the gnomonic chart procedure for the Evasive Action Problem,  it is v«ry 

helpful to give first a pictorial description of the gnomonic chart from which a corres- 

pondence between the GLOOK rotations and the chart coordinates may be derived.    This 

correspondence is first illustrated by the roll, yaw,  pitch problem and th«n Applied to 

the Evasive Action Problem. 

B-4.02. Description of Gnomonic Chart.    Imagine a GLOOK, Fig, 1.9 aligned as usual, 

in front of a large vertical screen whose center has the position      * : 270°    ,      t z 0°    » 

on the GLOOK transit mkn the GLOOK roll, yaw and pitch are all iero.    To any point on 

the screen a unique azimuth and elevation may be assigned b>   pointing the GLOOK transit at 

that point using only the upper transit adjustments.    Cvvwersely,  corresponding to a given 

azimuth and elevation the transit beam intersects the  screen in only one point if it does so 

at all. 

With roll, yaw, and pitch still zero,  j\)t*te the GLOOK transit in azimuth, leaving the 

elevation constant.    The transit beam «rill then trace a curve of constant elevation on the 

screen.    These curves are hypcjrbolas . 

If the GLOOK transit, with roll, yaw, and pitch zero,  is rotated in elevation leavv^ 

the azimuth constant, the transit beam will trace a curve of constant azimuth on the ;>,reen. 

* A general  treatment is given in "A Manval for the Use of Gnomonir-- Charts", by     . A» Albert, 
AMP Note 23,  (AMG-N No.  62), October 1945. 
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These curves are vertical straight lines. 

If enough such curves are drawn it is possible to determine the azimuth and elevation 

of a point on the screen by means of the curves of constant azimuth and of constant eleva- 

tion which pass through or near that point. 

When the GLOOK saddle is rolled, with yaw and pitch zero and with the transit azimuth 

and elevation fixed but not necessarily zero, the CrLOOK transit beam traces a curve of 

constant angle-off on the screen. These curves are hyperbolas rotated 90° from the eleva- 

tion hyperbolas. To see this, imagine the GLOOK to be pitched through -90° on the rocker. 

A roll on the saddle would then rotate the GLOOK transit in azimuth leaving the elevation 

constant. 

If the transit of the GLOOK is rotated in azimu-h with yaw, pitch, and the transit eltrva- 

ticn zero, and with a fixed roll not necessarily zero, a curve of constant inclination 

will be traced on the screen. These curves are horizontal straight lines. 

The screen together with the curves of constant azimuth, elevation, inclination, and 

angle-off is known as the gnomonic chart. For convenience the cnart is sometimes cut into 

four equal parts, one comer of each containing the center of the chart. Such is the case 

with the chart designed by AMG-N and drawn by the U, s. Coast and Geodetic Survey. 

B-4.O3, Roll, Yaw, and Pitch Problem on Gnomonic Charts. Assume that the gnomonic 

chart is rigidly attached to the GLOOK so that it always has the position  « -  270° , 

t   - 0 , witi1 respect to the GLOOK transit. Imagine also a light-pencil located at the 

center about which the GLOOK motions rotate, but which maintains its position in space 

constant, i.e., it is in no way attached to the GLOOK. In mathematical language it is 

a constant vector whose direction with respect to a rotated coordinate system we wish to 

find. 

With the situation as described above let the GLOOK be yawed, rolled, ami pitched in 

that order through angles Y , R , and P respectively and the point where the light- 

pencil strikes thn  gnomonic chart noted. If the GLOOK is pitched through an angle -P 
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back to zero the fixed light-pencil will travel on a circular arc about the origin of the 

chart an amount +? . xioll the GLOÜK through -H back to zero and the light-pencil will 

travel along a line of constant angle-off an amount -R as measured between the lines of 

constant inclination. Yaw the GLOOK through -Y back to zero and the light-pencil will 

travel a distance ~Y along a line of constant elevation as measured between the lines 

of constant azimuth. After the GLOOK has been pitched, rolled, and yawed the azimuth and 

elevation of the light-pencil with respect to the GLOOK may be either read from the gnomonic 

chart or measured with the CLOCK transit, Li practice the GLOOK would represent the bom- 

ber and the light-pencil the vector from the bomber to the fighter. 

It is not necessary to locate the center of the gnomonic chart at the position a,  = 270°, 

E r Ü , with respect to the GLOOK transit. It might also be located in any one of the 

positions a = 360° ,  e = 0° ;  a = 90° ,  e = 0° ; a = 180° ,  e r 0° ; 

a = 270° ,  t B 90° ;  er = 270° ,  e = -90°. If one constructed a chart as described 

above at any of these positions he would find that all of the charts were exactly like the 

one which has already been described except that the chart coordinates would correspond to 

different GLOOK rotations in each of the different chart positions. To derive the GL00K- 

chart correspondences it is only necessary to follow a line of reasoning analagous to 

o        0 

that for the position « = 270  ,  e s 0 . Below is a table of GLOOK chart correspon- 

dences for all chart positions. 

CLOCK-CHART CORRESPONDENCES 

Center of Chart at ot = 270° , e = 0° 

GLOOK Rotation 

Yaw through +Y 

Roll through -»-R 

Effect on Position of Light-Pencil on Chart 

Increases azimuth by +Y ; 
elevation remains constant. 

Increases inclination by +R j 
angle-off remains constant. 
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GLOOK-CHART CORRESPONDENCES (Continued) 

Pitch through    +P 

Yaw through    +Y 

Roll through    «-R 

Pitch through    +P 

Yaw through angle    ♦Y 

Roll through    ^R 

Pitch through    +P 

Yaw through    *Y 

Roll through    »R 

Pitch through    +P 

Yaw through   ♦Y 

Roll through    4-R 

Pitch through    ♦? 

Rotates point about center of 
chart    -P    . 

Center of Chart at     a  = 360°    ,     t  = 0C 

Increases azimuth by    +Y    ; 
elevation remains constant. 

Rotates point about center of 
chart    -R    . 

Increases inclination by    -P    ; 
angle-off remains constant. 

Center of Chart at     a   = 90°    ,     «  r O0 

Increases azimuth by    *Y    ; 
elevation remains constant. 

Rotates point about center of 
chart    -R    . 

Rotates point about center of 
chart    +P    . 

Center of Chart at     « = 180°    ,     e  = 0° 

Increases azimuth by    ♦Y    ; 
elevation remains constant. 

Rotates point about center of 
chart    -»-R    . 

Increases inclination by    *P    ; 
angle-off remains constant. 

Center of Chart at a = 270°    ,      e = 90° 

Rotates point about center of 
chart   «-Y    . 

Increases inclination by    +R    j 
angle-off remains constant. 

Increases azimuth by   +P    ; 
elevation remains constant. 
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GLOOK-CHART    CORRESPONDENCES (Continued) 

Center of Chart at    a   = 270°    ,     t  z 90° 

Yaw through    ♦Y Rotates point about center of 
chart    -Y    . 

Roll through «-R Increases inclination angle by 
-R ; angle-off remains constant. 

Pitch through ♦P Increases azimuth by -P ; 
elevation remains constant. 

Note; The terms azimuth, elevation, inclination, and angle-off are used to refer to 
those coordinates which would represent these angles if the center of the chart 
were at  a = 270° ,  e = 0 , A positive yaw is to the left, a positive 
roll is right wing up, and a positive pitch is nose up. If other conventions 
are adopted^ suitable changes should be made in the above table. 

For azimuth and elevation angles which differ from tho.'se of the center of 
the charts by more than 45° the size of the chart becomes too large for con- 
venience. It is then necessary to consider the center of the chart to be lo- 
cated at one of the other positions described above. It is always possible 
to locate a point on the chart by considering its center to have one of these 
positions. One of the most frequent sources of error is the failure of the 
computer to interpret correctly the chart coordinates for different positions 
of the chart. 

If during a rotation a point goes off the chart in a given position it is 
necessary to consider the chart to be located at another position and to com- 
plete the rotation in the correct way for the new chart position. 

In aqyono of the chart positions where the elevation of the center of the 
chart is zero the lines of constant azimuth and elevation are the same as for 
the position  « = 270° ,  e = 0° . However, when the center of the chart 
has t   = i900 the curves of constant azimuth are radial straight lines from 
the center of the chart^and the curves of constant elevation are concentric 
circles with their centers at the center of the chart. To locate a point on 
the chart in one of these positions use one of the scales at one side of the 
chart to set the marker on the rotating arm a distance equal to 90° minus the 
elevation angle of the point from the center of the chart. Then rotate the 
arm through the azimuth angle of the point. The direction of this last rota- 
tion will be different for the two positions of the chart and will depend upon 
the direction of positive azimuth rotation. 

B-4.04. Evasive Action Problem on Gnomonic Chart. Imagine the GLOOK and gnomonic chart 

situation previously described, i.e., the GLOOK with roll, yaw, and pitch zero, and with the 

chart rigidly attached to it so as to maintain the position  a - 270° t     t = CP on the 

GLOOK transit. Let a lead pencil be erected with its point on the spot where the light 

and pencil strikes the screen. The direction of the lead pencil remains fixed in space 
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although it is free to translate along the light-pencil. 

The Evasive Action Problem is to find the azimuth and elevation of the tail of the 

lead pencil, knowing the azimuth and elevation of the light-pencil and the space orientation 

of the lead pencil. 

One way to do this is to sight the GLOOK transit on the tail of the lead pencil; 

the beam of light from the GLOOK transit will then project the tail of the lead pencil onto 

the gnomonic chart. The azimuth and elevation of the tail of the lead pencil may be read 

from either the transit scales or directly from the chart as the azimuth and elevation of 

projection of the tail of the lead pencil onto the chart. 

If it is possible to determine the projection of the lead pencil onto the chart without 

the use of the GLOOK transit, the Evasive Action Problem may be solved entirely by means 

of the gnomonic chart. This is possible if the lead pencil lies in the plane of the chart, 

since in this case the pencil and its projection onto the chart coincide.  If the lead pen- 

cil does not lie in the plane of the chart rotate the GLOOK and with it the chart until the 

plane of the chart is parallel to the lead pencil. Then translate the lead pencil along 

the light-pencil until it lies in the plane of the gnomonic chart. The only effect of the 

translation will be to make a correction necessary for the length of the lead pencil. 

Let the space orientation of the lead pencil be specified by its azimuth and elevation. 

Now since the azimuth of the lead pencil and the GLOOK yaw are measured in parallel planes, 

it is only necessary to rotate the GLOOK in yaw through the lead pencil azimuth angle to 

make the gnomonic chart parallel to the lead pencil. If the GLOOK is then pitched through 

the lead pencil elevation angle the lead pencil will be parallel to the line e = 0° of 

the gnomonic chart. Now translate the lead pencil along the light-pencil until it lies 

in the plane of the chart. During these rotations the azimuth and elevation of the light- 

pencil have changed . The new azimuth and elevation of the light-pencil may now be found by 

performing the above yaw and pitch on the gnomonic chart. If a line is measured on the 

o 
chart parallel to the line     t   = 0    and with its initial point on the new azimuth and 
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elevation of the light-pencil, its terminal point will be the projection of the lead pencil 

onto the chart (if a correction for length is made which will be described later). If the 

chart is now rotated back to its initial position, i.e., yaw and pitch zero; the initial 

point will go back into the old azimuth and elevation of the light-pencil and the terminal 

point will still be the projection of the lead pencil onto the screen. The £vac.lve Action 

Problem is then solved. 

B-4.05. Brief Theory of Gnomonic Charts. In this section the statements made in the 

preceding section will be proven in as pictorial a manner as is consistent with mathematical 

rigor. 

In order to derive the equations of the various curves which compose the gnomonic chart, 

it is necessary to make use of the methods of analytical geometry. Imagine a system of axes 

as pictured in Fig, 1.10 whose directions coincide with the axes about wiiich the CLOCK ro- 

tates. Let t  be the elevation angle of the CLOCK transit and at the point x - b imagine 

a plane perpendicular to the x-axis. If the GI.COK transit is rotated in azimuth and the 

elevation is kept constant the transit beam will generate a conical surface whose equation 

x^ tan « + y*- tan4- t  z z , 

and the intersection of this surface with the plane x = b is 

?   3   ?   2   2 
b^ tan^+y^ tan e = z 

or the equation of one of the elevation hyperbolas is 

z - + tan E f y2 ■•' b2 

If the CLOCK transit is rotated in elevation while the azimuth is kept constant the 

transit beam will generate the plane 

y : x tan ct   ; 
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and its Intersection with the plane x = b will be the line 

y = b tanor 

This is a vertical line on the plane, a distance y - b tan a  from the center of the plans. 

To derive the equation of the hyperbolas of constant angle-off rotate the y- and z-axes 

through 90°, or in other words interchange y and z in the equation for the elevation 

hyperbolas, i.e., -.r— - 
y = 1 tan 9 iz    **> 

Similarly the lines of the constant inclination are • 

z - b tan f 

In Fig, 1.11 there are two coordinate systems, (l) the x'y'z'-coordinate system about 

whose axes the CLOCK motions rotate, and (2) the xyz-coordinate system whose axes are paral- 

lel to the x'y'z'-axes and whose origin is at the point 0 where the light-pencil strikes 

screen. P-.0 is the light-pencil, OP? the lead pencil, and Po the projection of the 

tail of the lead pencil, P2 »onto the screen. 

The problem is to find the coordinates of P-3 in the xyz-system, knowing the orientation 

of FTo in the x'y'z'-system, *he orientation of OPp in the xyz-system, the length of 

0P2 ana b . 

To solvft this problem find the equation of the line P]^ i" the xyz-system and then cal- 

culate its intersection with the zy-plane. This point vdll be P- . 

Let a» and t l be the azimuth and elevation of OP^ , with r with respect to the x'y'z'- 

coordinate system and r-^ the length of OP-,  j similarly let the subscript 2 refer to the 

corresponding quantities for OP2. 1 

The x'y'z'-components of 0P-|_ are 

XT ~ r- cose, sin«, , 

y' - r^ cose cos «Y , 

zl -  r^ sin e x J 
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and the xyz-components of    0P]_    are 

x-i  = - rj cose'   sin« , 

Yl = - ^l cos e   cosal , 

zi = - il sine, 

The xyz-components of    0P„    are 

x2 = r2 cose a 9ina[} > 

y2 = T2 cost 2 sin fllj , 

The equations of the line through    P^    and    P2    in the xya-system are 

x + r^ cos t.,sin a 

r2 cos e . sin *f  * I"! cos £i   s^n ai 

y ♦ r^ cos'C,  cos *. 

rp cos e , costr    + ri cos e , cos at 

z i- ri  sin e. 
and  ■ ± i = t 

r2 sin e, ♦ 'i sln e . 

When    x r 0 

1^ cos e l sin «l 

r2 cos e j sin « 8 f r^ cos S     sin a. 

ri cos e.  sin a     (r2 cos e    cos a    ♦ r-i  cos e . cos a  ) 
whence     yr 1 ! 1 !         t 1   - r^ cos 11 cos«. , 

r2 cos e a sin.« j "*" TT  COS t. sin flt. 

- ri^cos  e, cos * 4 sin fl l cos «2 " cos *! cos * 2 sk-1 0j cos oti ) , 

r2 cos e . sin * a ♦ ri  cos el sin a. 
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rir^ cos £. coe 11 sin ( a j - (|1» ) 
7 = : ; :  

T2  cos e i  sin a, * 
ri cos E'. s^n at1 

r, cos t.  sin,a, (r, sine. + r-, sine. ) 
and    z=-i i l- i L- - iisin e j , 

r2 cos 6 2 sin a ? ■»• r^ cos e ^ sin ff j 

_ r)r2 (cos 11  sin a| sin e a - cos c 2 sin g a sin e 1 ) 
r2 cos e . sin a * ^L cos e , s^n  ai 

Since b is fixed 0P]_ will not in general be equal to the distance from the bomber 

to the fighter. It is consequently necessary to correct the length of OP2 so that the 

triangle P1OP2 will be similar to the actual space triangle. The following relation is 

derived from the fact that if two triangles are similar their corresponding sides have 

equal ratios. 

In the following relations 

5 - actual length of vector from bomber to ghost, 

d s range from bomber to ghost, 

ai-= azimuth of center of chart, 

ca'= elevation of center of cha~t. 

6  r2 6 -Ü- = —    ,    or     r0 r TT 
d  il 2 = rl T 

whence n = 
cos ( o - «, ) cos ( e - e, j 

or r2 r  ^ d 
cos (« - 't) cos ( 6- E») 

Substituting these relations in the expressions for y and    z one obtains 

. 2   cos e j cos 8 2 sin ( « l  - 
a a) 

y = 
r2 
—-cosgj   sinaa   ♦costl sina^ 
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ft 

  cos e x  cos 8a sin {" l  - «j ) 
cos (or - a, )  cos (  t -  t9 ) 

y   =  ■ , and 
«) 
—   cose,  sin a,   ♦ cose,  sin a. 

T2 (cos el  sin ol sin tj  - cos «j sin <x i  sin «j   ) 
Z   "— - i 

" r2 
— cose,  sin a,   ♦ cos e ,  sin a. 

Ä 
bd 

cos 
z   -    

. ,    (cos e .  sin. a , sin ^ • - cos e , sin a     sin e« ) 
( a - «8 ) cos ( e - K,0      ii»      a    2 

- cos e j sin «j ••■ cos el sin (Xl 

If the x'y'z'-system, and with it the chart is rotated through -a - * then the new 

"a* a2 * i-3 zero. The above expressions then become 

y = , -^ T cos e, 
cos («1 - *f ) cos (el - t, j 

6 
z   = LJI  sin e 2 

cos («^ - "t ) cos (el - e, ) 

(«j is the new value of ^l  after the rotation through - 
aj ). 

Now pitch through - 6, so that e'2 , the new value of t2 ,  is zero» This gives 

6 
b<d y -  Ü .     >  and 

cos {a\   - «» ) cos (EJ - e$) 

z = 0 

( e | is the new value of «^ after the above rotation has been made). 

To calculate the azimuth and elevation of the ghost with respect to the bomber: first 
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locate the target point, ai , *I , on the chart, then yaw through -<*jon the chart if 

a2 r 90°, or (180° - « ,) if  ai = 90° ; second, pitch through - e2 on the chart and 

mark the resulting point « ' , g" . Then measure a length Y as given above through 

a' , e* , and parallel to the line    * z 0 of the chart. Pitch and yaw both end 

points through the negative of the original rotation angles. The initial point, otj , ei , 

will then go into a ,  e , the original target point, and the terminal point will go 

into the projection of OPp onto the chart. 

In some cases the yaw mentioned above may take the target point off the chart, in 

which case the chart must be shifted to one of the positions  6 - 90° or t  2 ""90° , 

depending upon the direction in which the point went off the chart. A proof analagous to 

the one already given will show that with the chart in this position a yaw followed by a 

pitch suffices to make OP2 lie in the plane of the chart. If the pitch takes the target 

off the chart in one of the positions e = - 90° the following mathematical procedure 

should be used: 

Consider the equation of the lines of constant azimuth 

y = b tan («,' - «, ) 

Differentiating, one has 

y = b sec («j -a«) d«   , 01 

y cos- fl   -     « J  - im 

b 

Note: y as used in the sense 
of Fig, 1.11 is the same 
as    dy    . 

This says that a small change in y , dy r Y , will cause another small change in dy , 

which can be calculated, if 

b A/d cos «« 
Y = - 

cos (a I " a, ) cos ^ ei - ei ) 
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then da   -   6/d cos  ( a; - a c )  cos t, , radians. 

cos tx 

In a similar way for the elevation hyperbolas 

z = tane \ b2 + y2 = b tan e sec a 

dz = b sec (■ e x - £ $ ) COP (a | - a a ) 

2 (ei - e8 ) cos ( «\ - «, ) z cos 
de -   

a 

Since z - 
b 6/d sin t \ 

cos (aj - a
8) cos ( el - e8) 

dc ;; 6/d cos (e1 - Ej) sine , radians, 

The azimuth of the ghost with respect to the bomber equals a t- da . 

The elevation of the ghost with respect to the bomber equals e f de  . 
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FIGHTER VS BOMBER 

CHAPTER C-l 

THE THEORJ - A BRIEF TREATMENT 

C-l.01, Content and Assumptions. The purpose of the experiment is to measure the 

effectiveness of the fixed guns in a fighter plane which is attacking a bomber. The 

method here described tests the overall performance of the gun-sight and pilot. If 

the camera in the fighter is installed in such a manner that it takes a picture through 

the sight, then the pilot's tracking error can be found and his gunnery performance as 

distinct from that of the sight can be analyzed. 

The theory was devised to measure experimentally the gunnery performance of a fighter 

attacking a bomber. The only fundamental restrictions are that the bomber fly at a con- 

stant speed on a straight horizontal course and that the fighter's guns fire straight 

ahead. If the bullet time-of-flight is less than one second*, the fighter may have any 

elevation relative to the bomber. For times-of-flight greater than one second see 

Art. C-2.03, Error Estimates, for permissible elevations of the fighter. 

These are the only theoretical limitations and essentially the same theory could be 

used in a similar experiment to measure the gunnery performance of a plane attacking a 

ship, train, or any other object which is stationary or traveling in a straight line at 

constant speed* 

A theory for an experiment which would assess a fighter with offset guns probably 

could be devised along lines similar to the present ones. The computations would be more 

complicated, however. 

The theory as given in the Theory Manual is mathematically sound. No important 

factor has been neglected or glossed over and approximations occur only in the part dealing 

* The time-of-flight will be less than one second if the fighter uses API MB or AP M£ 
ammunition and is within 900 yards of the bomber at firing time. 
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with ballistics.    The only real experimental difficulty arises in trying to locate on 

the fighter film the direction of the bomber's flight path.    It is proposed to do this 

by estimating where the image of the longitudinal-axis of the bomber lies, and assuming 

the flight path to lie along this line.    Some better method should be devised. 

C-1.02. Theory.    A brief description of the assessment method is presented.    A com- 

plete and detailed account of the theory together with all mathematical formulas used and 

their derivation will be found in the Theory Manual,    Ballistic questions are discussed 

by Dr. George Piranian in his two papers:    "Simple Formulas to Fit the Values Tabulated 

in the Firing Tables FT 0.50 AC-14-1", AMP Memo No. 104.1, April 6, .1944 (Restricted); 

and "Computation of Kinematic Leads for Fire From Fighter Aircraft", AMG-N No. 24, February 

1, 1945 (Confidential). 

It is assumed that the bomber is flying a straight line horizontal course at con- 

stant speed.    The computing is considerably simplified if the fighter speed (magnitude 

of its velocity relative to air-mass coordinates)  is also constant, but this is not 

essential to the theory. 

The position of the fighter   F    as given by its coordinates <*|)   ,   Ei    , and    r0 

relative to the bomber is determined from data recorded by cameras in the bomber (see 

Fig. 1.1).    (This is identical with and can be taken from the corresponding part in 

Section A, Bomber vs Fighter Problem). 

The first part of the analysis is concerned with the determination of the direction 

of the fighter's gun bore-point relative to a system of axes x, y, z located at the fighter 

and parallel to the stabilized bomber axes X, Y, Z,    Since the position of the fighter 

relative to the bomber is known, and the orientation of the bomber and the direction of the 

bore-point may be established from the fighter camera film, both relative to the fighter's 

system ^ly-iZ,   , we can by four planar rotations determine the coordinates     «g    ,    eB     0^ 

the bore-point relative to axes x', y', z', located at the fighter and parallel to the bor.- 

ber axes X', Y1, Z'  (see Figs. 1.1 and 1,2).    By applying to this system the same roll, yaw, and 
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pitch correction used to stabilize the bomber axes (from X'Y'Z1  to XYZ) we can find the 

coordinates    ^s     ,    P
B    of the bore-point relative to the axes x, y,  z. 

Once we know the bore-point direction a^ it is easy, knowing the velocity of the 

fighter, to compute the direction b, of the bullet as it leaves the gun. A ballistic 

correction G which takes account of gravity then modifies b, to get the actual path 

c1    of the bullet (see Fig. 1.3), 

Next, from the velocity of the bomber and the position of the fighter relative to 

the bomber we compute the direction    C2    the bullet should have gone in order to have 

scored a hit.    The angle    p    between    c,    and    C2    is a measure of the radial error 

(see Fig. 1.4). 
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CHAPTER   C-2 

.XPERIMENTAL    REQUIREMENTS 

C-2.01. Measurements and Data.    Listed below are th? «xperimental data which rmist be 

obtained,  each with its source and required accuracy. 

1. Bomber Speed (yards per second, t i yd/sec). 

The true air speed of the bomber is a constant which can be computed from 
the indicated air speed, temperature and altitude records.    The IAS meter 
reading, temperature and altitude will be recorded in the Bomber Flight 
Log. 

2. Roll, Yaw and Pitch Corrections on the Bomber (degrees and minutes, * i min). 

These corrections,  computed from the gyro readings, will already have been 
calculated for the Bomber vs Fighter Problem (Section A) and can be taken 
from there.    See also Computer's Manual. 

3. Azimuth, Elevation and Range of the Fighter with Respect to Unstabilized 

Bomber Axes*    (for the first two,   degrees and minutes, - i min; for range, 

yards, - i yd). 

These quantities, determined from the bomber RAZEL and gun cameras, will 
already have been made for the Bomber vs Fighter Problem (Section A) and 
can be taken from there.   See also Computer's Manual. 

Note;    The vulnerable point   Q   on the bomber must be located at the 
turret from which these readings are taken or else a parallax 
correction must be made on these data to find the azimuth, 
elevation and range of the fighter at the vulnerable point. 

k» Fighter Speed relative to Air-Mass Coordinates (yards per second, 1 i yd/sec). 

If. as is hoped, the pilot is able to fly the plane so that the speed is 
constant, it can be computed from the indicated air speed,  temperature and 
altitude.    The IAS meter reading, temperature and altitude will be recorded 
in the Fighter Flight Log,    If the speed is not constant it can be com- 
puted from the azimuth, elevation and range of the fighter. relative to the 
stabilized bomber axes (see Detailed Assessment Procedure for details). 

5. Bomber Attitude with respect to Fighter. 

This is not found explicitly.    It is determined by the bomb«!''* vulnerable 
point and line of flight as estimated on the fighter camera film. 
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6, Bullet Muzzle Velocity (yards per second, * 1 yd/sec). 

For API M8 ammunition VM = 956.7 yd/sec. 
For AP M2 ammunition Vu - 900 yd/sec. 
See ballistic tables for further information 

7* c^ , a Ballistic Constant. 

For API Mß ainnunition C5 - O.436. 
For AP M2 ammunition 05 = 0.471. 

8.6, Relative Air Density. 

At 7,000 ft altitude, 5 - 0.81. 

9. Synch Unit and FLINK-BLINK Lags (seconds, 1 0.005 sec). 

The amount of these lags will be found in the Equipment Manual, Airborne 
Installations. 

10. Camera and Projector Lens Calibration (inches, t 0.01 in.). 

See Section A, this Manual, and also the Equipment Manual, Airborne 
Installations, for details of lens calibration. The manufacturer's 
nominal rating is not exact enough for our purpose« 

C-2.02, Film Synchronization. Data are gathered from several different sources: gyro-, 

RAZEL-,gun- and fighter-camera films which run at nearly the same speeds. These films are 

correlated by means of timing marks on their edges which show the second at which a given 

frame was exposed. The present arrangement is not entirely satisfactory, since for this 

Problem it is desirable that the films be matched to within l/8 of a frame (0.005 sec); 

however, synchronizing methods of satisfactory characteristics are under development. 

Due to necessary relays in the synch and FLINK-BLINK units a time lag exists between 

the timing marks of the various films. This lag is a known constant which can be allowed 

for when matching the films. 

C-2.O3. Error Estimates. The bullet time-of-flight u , a function of e and A * 

is much more sensitive to changes in 6 than in the Bomber vs Fighter Problem of Section A. 

Because of this 6 should be determined to the nearest minute in this Problem. The tables 

in AMG-N No. 24 give values of the kinematic lead A to the nearest 0.00005 radian. With 

such an accuracy in 9 and X ve can find u from the formula given in Art. C-3.02, 
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Coniputations, to the nearest 0.01 second provided   30° s Q ä 150°    .    For nose and tail 

attacks, however, the value of   u   so computed can be considerably in error. 

If trigonometric tables, accurate to minutes, and the tables in AMG-N No. 24 are to 

be used in the computing, it is recommended that this method of assessment be employed only 

when the fighter has an angle off the bomber's nose between 30° and 150°.    Since most of 

the possible error in   u   comes from a possible error in   A    a recomputation of the tables 

for   A    in AMG-N No. 24 to a greater degree of accuracy would permit   ttacks nearer the 

nose or tail to be assessed. 

Another possible source of error in    u   comes from the fact that the tables for   A 

in AMG-N No. 24 and the formula of Step 8 of Art. C-3.02 for   u   hold only for fire in an 

approximately horizontal direction.    The value of   u   as computed from the formula of 

Step 8 and the tables will be correct to the nearest 0.01 second provided    |u^ sinejr 1    , 

where   «    is the angle of elevation relative to the xyz-system of the air track.   This 

implies that for   u « 1 sec the fighter can have any angle of elevation relative to the 

bomber.   For   u > 1 sec,    p.   must satisfy the above relation or a correction must be made 

to the value of   u   as computed from the formula of Step 8 and the tables to get the true 

tlme-of-flight.    For details see AMG-N No. 24. 

As in the Angle of Attack and Skid Problem (this Manual,  Section D, following), 
an important step in the analysis is the determination of the direction relative to 
the bomber of the fighter's fligh*.-path.    The method is the same as that in the 
Attack and Skid Problem:    the position of the fighter relative to the bomber is lo- 
cated at 0.1 second intervals ard the tangent to the path is assumed to be approximated 
by the line joining two successive points.    A snail error in locating the position 
of the fighter may result in a large error in the determination of the direction of 
the tangent which in turn will produce a sizeable error in the coordinates   oc   > ec 
of the effective bore-line.   This error can be as large as ± 5 minutes. 

The maximum errors likely to be L.' roduced in the various stages of the computation 

have been estimated and are listed in th-j following: 

Instrument Installation Reading of Bomber BAZKL Film 

Azimuth     1 3 min Azimuth     - 3 ndn 
Elevation ♦ 3 min Elevation * 3 min 
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Reading of Bomber Gun Film by CRADLE 

/o ♦ 5 yards 
1 2 min 
♦ 2 min 

Reading of Gyro Films 

R ± 1 min 
T i 1 min 
P   t 1 min 

Plotting, Smoothing and Reading of Data 

Plotting and 
Smoothing 

% ♦ 3 min 
± 3 min 

Reading 

♦ 1 min 
t 1 min 

Reading of Fighter Film* by GLOOK 

£ 2 min 
♦ 2 min 

Plottii.g, Smoothing and Reading of Data 

R 
Y 
P 

Plotting and 
Smoothing 

1 3 min 
t 3 min 
♦ 3 min 

First 
Reading 

± 1 min 
♦ 1 min 
S 1 min 

Second 
Reading 

± 1 min 
♦ 1 min 
t 1 min 

Stabilization of Coordinates by GLOOK 

a 
i 

e. 
♦ 2 min 
± 2 min 
* 2 min 
+ 2 min 

Plotting, Smoothing and Reading of Data 

Plotting and 
Smoothing 

t 6 yards 
± 3 yards 
1 3 yards 
i 3 yards 
1 3 yards 

Reading 

♦ 2 yards 
1 1 yard 
t 1 yard 
I 1 yard 
t 1 yard 

Error in the Coordinates of the Actual 
Bullet Line Due to a Possible Error of 
30' in the Tangent to the Flight Path 

^ 1 5 min 
«c- Gf ± 5 min 

Error in the Gravity Drop Correction    G 
and in the Coordinates of the True Bullet 
Line due to a Possible Error of 0.005 sec 
in   u 

G t 0 min 
a ♦ 4 min 
z   * k min 

Error Introduced by GLOOK  (if used) in 
the Computation of the Radial Bullet 
Line Error 

P ♦ 2 min 
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CHAPTER C-3 

COMPUTING PROCEDURE 

C-3.01. Scope . The detailed procedure for processing the data is given in the follow- 

ing: first, the outline of the computational steps together with formulas; then, the 

procedure for synchronizing the data from the various filmsj and, finally, the Flow Chart IX 

(see left part of Manual) and Form Sheets Nos, 41-50. 

Much of the data required has already been gathered for the Bomber vs Fighter Pro- 

blem of Section A. Our only new source is the fighter-camera film, the data from which 

must be correlated with that from the other films. 

C-3.02. Computations. 

Step 1. Compute the unstabilized angle-off 9'  and the unstabilized tilt angle Vo 

from the formulas 

cos 00 z cos aj cos cj , and 

cot 9a r sin o^ cot e^  • 

(Do not use the Angle-Off Table to find 6^  , It is not sufficiently 

accurate for this part of the problem). 

The fightei^camera film shows the bomber, its line-of-flight and the 

fighter gun-bore point, thereby determining these quantities relative 

to the fighter axes x-iy^z^ . 

Step 2. Using the GLOOK and fighters-camera film and knowing %     and <f {, find 

ot^ and Eg  , the coordinates of the fighter gun bore-point B in the 

x'y'z'-system . (The details of this proble.\ are given in the Computer's 

Manual and the theory in Art. C-3.03). 

Step 3. (a) Make a roll, yaw, pitch correction on  a^      , ^o  , the unstabilized 

coordinates of the fighter, to find the fighter's coordinates <»o , 
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e0 in the stabilized XYZ-system, 

(b) Make the same roll, yaw, pitch correction on (% , £8  to get "B  , 

CB , the coordinates of the bore-point B in the xyz-system. (See 

the Computer's Manual for the details of these two problems). 

Step k.  Compute the Cartesian coordinates of the fighter in the XYZ-system by 

X = r0 cos e0 sin o^ , 

Y s r0 cos e0 cos o0 , 

Z = r0 sin e0 

Step 5. The coordinates ac , ^c of the effective bore-line (initial bullet 

direction) in the xyz-system are, then, given by 

sin Og cos eB ♦ 
VF (xi+l - ^-l^ 

tan a,. 
"M (xi-i - ^i-i)2 ♦ (*i*i - h-i>2 * (Zi*i - Zi-i)' 

cos (L> cos e0  4* «8 

VF (Yi^-l - Yi-l) 
8 

VM llSiii - Xi-i)2 * (Yi4.1 " Yi-l)2 * (Zi*l " Zi-l)2 

sin Ee ■ VM 
VM + VF 

sin tB * 
Vp (2U1 - Zi.i) 

VM 1/(Xi+i - Xi.1)2 * (Yi+1 - 1^)2 + (zi+1 - 1^)2 

«Aiere X^^i - Xi_i is the value of X at t - 0.1 seconds subtracted 

from its value at t ♦ 0,1 seconds. 

Step 6. Compute the stabilized angle-off Q      from the formula 

cos 90 - cos a0 cos t0 

(Do not use the Angle-Off Table to find 90 ), 

Step 7* Using the tables in AMG-N No. 24 find the kinematic lead angle A , 

which is a function of r0 and eo • 
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Step 8. Compute the quantity   uVg    , where    u   is the time-of-flight, from the 

formula 

TQ sin 
uVB = 

sin ( x ■♦■ e0 ) 

Step 9. Compute the gravity drop correction    G    (in minutes) by 

G = 
6246.671 h        „       18,427.680 

Wva      B    Cv)1»vF)vB 
uVp cos ec , 

where   h = 0.00059   A.    Y30 ^VM ♦ VF^  • 
c5 

Step 10. ac    and(Ec   - G) are the coordinates in the xyz-system of the actual 

bullet-line    c^    . 

Step LI. The coordinates   «    ,   e    in the xyz-system of the true bullet-line 

Cp    , the line the bullet should have traveled to score a hit, are 

given by 

cot ot   r Y -   UVB 

sin e - - sin eo sin ( A f gp  ) 
ein e« 

Step 12. The angle   p    between    c^   and   Cp   gives the radial bullet-line 

error.   The angle  p     can be found exactly by means of the GLOOK (see 

Coraputor's Manual), or approximately from the formula, 

p  - 0.2909   V ( «c    -   a   )2 cos ( EC  - G) cos   e + ( EC   _ G - E )2   , 

where   (otc    - a  )    and    ( ec   - G -  e )    are measured in minutes.    The 

formula gives the value of   p    in railliradians. 
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If   V„   is not constant, it can be found from the formula 
r 

= 5 ii Ei^i - 5 i-i)2 ♦ ( "ui -  ^i-i)2 ♦ UT*X - Ci+1)2      , 

^ i+1 "   ni_i =   Yi+1 - Yj^   ♦ 0.2 VD    , and 

^i+l "   ^1-1=   zi+l " zi-l* 

C-3.03. Deternunation of the Eore-Point Coordinates in the x'y'z'  System.    (This arti- 

cle relates to Step 5 of the preceding Article C-3»02).    The fighter-camera, which points 

along the positive x--axi3 for a left side attack (negative x^-axis for a right side 

attack), takes a picture of the bomber.    From this film the orientation of the fighter's 

axes   Xjy^z^    with respect to the x'y'z'-system can be determined by means of four planar 

rotations:    a roll, a pitch, a yaw and a pitch 

The projector head must be positioned so that the camera bore-point is at the center 

of the flat screen and rotated through the same angle as the camera. 

Project the fighter film on the flat screen and mark on the screen the image   Q   of 

the vulnerable point of the bomber, the bomber's line-of-flight   L   and the bore-point    B    . 

1, Zero all GL00K and transit scales and using the lower azimuth adjustment 

point the telescope at the center of the screen.    The saddle is now parallel 

and the rocker and telescope perpendicular to the screen.    Throughout this 

problem the ring and turntable are not moved from their initial positions. 

Let the telescope represent the X]_-axis of the fighter, positive in the 

direction of sight for a left    side attack (negative in the direction of 

sight for a right side attack), and the center of the telescope the point 

F    .    It is desired to detennine the position of the x'y'z'-system relative 

to the fighter's system   x^y^z^    . 

2. Roll the saddle and pitch the rocker jntil the horizontal cross-hair of the 

telescope lies on the line    L    .    This operation positions the telescope so 

CONFIDENTIAL 



CONFIDENTIAL Sec.  C 

that it represents the x^-axis and thus determines the position of the 

fighter's axes after the first two planar rotations, a roll   R    followed 

by a pitch    P    .    The xoyo-plane now contains the Y'-axis, 

3. Using the lower azimuth adjustment sight on   Q    .    Then using the upper 
, o 

azimuth adjustment turn the telescope through the angle      60   - 90      for 

a left side attack (90° - 9'    for a right side attack).    This is the third 

planar rotation,  a yaw   Y    , and the x^y^-plane now not only contains the 

Y'-axiSjbut the xi-axis as represented by the telescope is perpendicular to 

the Y'-axis. 

4. The fourth planar rotation, a pitch    P1     ,  is accomplished by turning the 

telescope (transit elevation adjustment) through the angle   180° - <PJ 

for a left side attack ( Tc    for a right side attack).    The telescope now 

represents the x'-axis, positive for a left side attack and negative for a 

right side attack, and the GLOOK base the original fighter axes x^l^l    * 

5. Mark on the screen the point   A   at which the telescope is pointed.    Also 

mark the four points    An    ,    A2    ,    Ao    ,    Ai    on and near the ends of both 

cross-hairs.    This determines the orientation of the telescope.    To provide 

a check point on this in the next operation, move the telescope in elevation 

up or down and mark another point   Ac    on the screen one or two feet from   A 

6. Zero the transit azimuth and elevation scales.    U3ing simultaneously the 

saddle,  rocker and lower azimuth adjustment point the telescope at    A    such 

that the cross-hairs pass through   A^    ,    A2    ,    A^    ,    A^    .    The telescope 

is now oriented as in the previous operation, and when the telescope is moved 

in elevation, the check point   A^    should lie on the vertical cross-hair. 

7. Using the transit upper azimuth and elevation adjustments sight on    B    .    The 

transit azimuth am' elevation scales give    o^   - 90°   and   t^     , respectively, 

for a left side att.    ^ ( aj    - 270°    and   Eg   for a right side attack).    The 

CONFIDENTIAL 12 



CONFIDENTIAL Sec. C 

coordinates o^ and Kg represent the fighter gun bore-point in the x'y'z1- 

system. 

C-3«04. Film Synchronization. The Fighter va Bomber Problem when solved by the use 

of the CRADLE and GLOOK instead of the Gnomonic Charts demands particularly careful film 

synchronization. Some suggestions follow. 

The roll, yaw, pitch corrections must be computed at points corresponding to the 

bomber film-frames as well as the fighter film-frames to be read. The angle-off 6^ and 

tilt-angle qip must be computed at fighter frame-intervals. 

This synchronization is most easily accomplished by plotting the data as read from 

each film. A time value is assigned to each frame. The tista can now be plotted as a 

function of the time and a smooth curve drawn joining the plotted points to give a graph 

of the function. The value of the function at any required instant can now be read from 

the graph and thus the values of several functions at any given instant can be determined, 

The same procedure can be used to find the values of «B » £B and X , Y , Z 

for every 0.1 second. Plot these curves as functions of time and read from the resulting 

graphs their values at every 0,1 second. 

C-3.05. Flow Chart No. IX. The Flow Chart, though seemingly complicated, is the 

simplest way of presenting an overall picture of the analysis. It is an outline of the 

various steps in the analysis with a brief description of each, showing their order and 

interdependence. Though intended primarily for the supervisor, it serves also as a guide 

for the computer. It will be an aid to the supervisor in scheduling the computing and 

furnishing time estimates. 

Though the constancy of Vp , the fighter speed, is not essential to the theory, 

it does simplify the computing. The Flow Chart gives the steps required under the 

assumption that V  is constant. If Vp is not constant, its value will have been com- 

puted at each instant, per directions given in Art. 0-3.02, Computations, and the Flow 

Chart modified accordingly. 
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C-3.06. Form Sheets. Ten Form Sheets (Nos.. 41-50) are included for use in the 

computing. They provide for an orderly arrangement of the data and the various steps 

in the confutation. They are to be used in conjunction with Flow Chart No. IX which 

provides, in effect, an abbreviated set of directions for their use. Each step on the 

flow chart tells where on the form sheets the quantity there discussed is to be computed 

and entered. These Sheets have been made with the assumption that the fighter speed is 

constant. 

The first form, Form 4L, lists various constants to be computed and recorded on the 

sheet. Most of these have no physical significance, being merely an aid in the computing 

to follow. On Forms 42 and 43 are computed the stabilized coordinates «o * eo of the 

fighter and on Form 24 the stabilized fighter gun-bore coordinates %   , e8- . On Form 

45 are found the Cartorian coordinates X , Y , Z of the fighter leading to the 

direction components Xj^-, - X, -,  , etc., of the tangent to the flight path (Form 46). 

In Form 47 are found tan ac and sin ec which gives the direction a( c » e- of the 

effective bore-line, and in Form 48 the iime-of-flight ü , In Form 49 are computed the 

gravity drop correction G , and the actual ac  ,  8C - G and (with Form 48) the true 

tt , e bullet line directions. From Form 50 the angle p between them is found, which 

gives the radial error. 

The supervisor must understand thoroughly the Flow Chart and Form Sheets. The con- 

stants on Form 41 are constant over the entire attack and probably wilj. not change even 

from flight to flight. However, it is the supervisor's responsibility to check each 

attack and make changes in tne constants if necessary. Throughout the computing the units 

in which quantities are measured must be carefully observed. The proper units are listed 

on the Form Sheets. All angles, unless otherwise stated, are to be measured in degrees 

and minutes. 

The supervisor must keep a close watch over the data and computing to ensure its 

accuracy, and check it frequently for this. Any sudden jump in the values which cannot 
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be accounted for is very likely to  be due to an error. 

The two simplest rough checks on data are to plot it or compute the differences of 

successive values. Either of these will generally show up any gross error. When the 

data are plotted, the curve should be smooth with a nearly constant slope. In the second 

method the differences should be constant or changing slowly. 

Spot checking should also be applied. Pick a computation at random and repeat it, 

checking the final results. This should be done several times, the oftener the better. 

Places where the data change signs should be carefully watched and checked. 

It is particularly important that the supervisor look over the work, viewing it as 

a whole, and check the final results for reasonableness. 
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ANGLE OF ATTACK AND SKIP ' UOBLhlM 

CHAPTER D-l 

THE THEORY - A BRIEF TREATMENT 

D-l.01. Content and Asaumptlona. The purpose of the experiment is to measure the 

angles of attack and skid in a fighter plane diving at a fixed target as in a rocket attack. 

The assessment method described here also gives the angles of bank and dive of the plane. 

The experiment is very general in its scope and could also be used to measure the 

angles of attack and skid in other types of planes, as bombers. There are no restrictions 

on the path of the fighter other than that it fly so as to keep the target circle on the 

ground within the field of view of the fighter camera, and itself in the field of view of 

the fixed target camera* With modifications, this experiment could be used to measure the 

attack and skid angles cf a plane diving at a target such as a bomber, ship, or tank 

traveling in a straight line,  (See Section C, Fighter vs Bomber Theory). 

The theory us  given in the Theory Manual is mathematically sound. Wind drift is the 

only important factor which has been neglected. This should be taken into account, and 

an obvious way of doing this would be to make the runs in pairs, one upwind and the other 

downwind, averaging the results. An alternative is to measure the wind velocity at the 

time the run is made and take this into account when computing the attack and skid angles. 

D-l.02. Theory. A brief description of the assessment method is presented. A com- 

plete and detailed account of the theory together with all mathematical formulas used and 

their derivations will be found in the Theory Manual. 

A plane whose angle of skid v and angle of attack u    are to be measured dives at 

a fixed target in the form of a large circle on the ground. Data is obtained from pictures 

taken by two fixed motion picture cameras. One, located at the center of the target takes 

a picture of the fighter, and the other, located in the fighter, takes a picture of the 

target• 
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The fuhdaraental coordinate system XYZ is located on the ground with the origin 

T at the target center and the Z-axis directed upward. The fighter F , starting at 

some point approximately above the negative Y-axis, dives at T . There are two coor- 

dinate systems in the fighter. One, x^y^z^ , is the fighter's own system (y^-axis 

along the nose of the plane) and the other, xyz , is parallel to the XYZ-system (Fig, l.l), 

The direction of the fighter, as given by its coordinates a0 , €0 relative to the 

XYZ-system, is determined from data recorded by the target camera. The first part of the 

analysis is concerned with the determination of the orientation of the xyz-system rela- 

tive to the fighter's system x^y^z^. • Knowing the direction of the fighter relative 

to the ground system XYZ and, from the fighter camera film, the orientation of the XYZ- 

system relative to the fighter's system x^y^z^ , we are able by four planar rotations 

to determine the orientation of the xyz-system relative to the x,y, z^-system. The range 

of the fighter is found by measuring the length of the major axis of the elliptical image 

of the target circle on the fighter film. The direction of the tangent FF' to the flight 

path (Fig. 1.2) and relative to the xyz-system, is given by the angles    ,     ; it 

can be computed from successive values of the coordinates a0  » eo and r0 of the 

fighter, and hence so can its direction aF| , F.F, relative to the x^y^z^ -system. The 

angles u and v may be computed from o^, and e   (Fig. 1.3). The four planar rota- 

tions mentioned above are a roll R , a pitch P , a yaw Y , and another pitch P' , 

and in that order. If the product of these is expressed as a product of a roll R* , a 

pitch P* and a yaw Y* in that order, then R* and P* are the bank and dive angles 

of the fighter. 
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CHAPTER D-2 

EXPERIMENTAL REQUIREMENTS 

D-2.01. Measurements and Data. Below are the experimental data which must be ob- 

tained, each with its source and required accuracy. 

1. Azimuth, Elevation and Range of the Fighter with Respect to the Ground 

XYZ-System (for the first two, degrees and minutes, -  £ minj for range. 

The first two quantities are determined from the camera film located at 
the center of the target, and the range from the fighter camera film by 
measuring on the screen the length of the elliptical image of the target 
circle. 

2. Orientation of the Ground XYZ-System relative to the Fighter. 

This is not found explicitly, but is determined by the images of the 
target center and X-axis on the fighter-camera film. 

3. FLINK-BLINK Lag (seconds, i 0.005 sec). 

The amount of this lag will be found in the Equipment Manual, Airborne 
Installations. 

4. Camera and Projector Lens Calibration (inches, t 0.0.1 inch). 

See Bomber vs Fighter (Section A) for details of lens calibration. The 
manufacturer's nominal rating is not exact enough for our purposes. 

D-2.02. Film Synchronization. Data are gathered from two sources, the target- and 

the fighter-cameras which run at nearly the same speed. At present the films are corre- 

lated by means of timing marks on their edges which show the second at which a given 

frame was exposed. It is desirable that the films be matched to within l/8 of a frame 

(0.005 sec); synchronizing methods of satisfactory characteristics are under development. 

A further difficulty is introduced by the lag in the FLINK-BLINK unit. However, this 

lag is a known constant which can be allowed for when matching the films. 

D-2.03. Error Estimates. It is hoped to be able to measure the angles of attack, 

skid, bank and pitch to within an accuracy of one mil. There is a good possibility of 
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attaining this accuracy for the last two, but it is unlikely that the present equipment will 

do as well for the attack and skid angles. 

The critical step in the experiment is the determination of the direction of the 

tangent to the flight path. This is done by locating from the ground the position of the 

fighter at 0.1-second intervals and taking the tangent to the path as the line joining two 

successive points. It is easily seen that a small error in locating the position of the 

fighter may result in a large error in the determination of the direction of the tangent 

which, in turn, will produce a comparable error in the measurement of the attack and skid 

angles. The angles of bank and dive do not depend on the flight path and hence are not 

subject to this possible error. 

The estimated maximum errors likely to be introduced in the various stages of tne 

confutation are listed below: 

Instrument Installation Reading of Target Film by CRADLE 

Azimuth  ± 3 min ßi t 2 rain 
Elevation ♦ 3 rain v^j +2 min 

Plotting, Smoothing and Reading of Data     Reading of Fighter Film by CSADLE 

♦ 3 yards 
t 2 yards 
i 2 yards 
t 2 yards 
t 2 yards 

Plotting and ro 
Smoothin« Reading «v 0 

ro . t 6 yards ♦ 2 yards a0 

.^ ± 3 yards ♦ 1 yard €0 
< 1 3 yards t 1 yard 

«T ♦ 3 yards ± 1 yard 
± 3 yards ♦ 1 yard 

0l0 t 3 yards ± 1 yard 
eQ t 3 yards i 1 yard 

Confutation of Angles of Attack, Skid, Bank and Dive by the GLOOK 

•* t 2 min 
v i 2 min 
ft» t 2 min 
P* ± 2 min 
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Possible kaxiraum Errors in the Computation of the 
Direction of the Flight Path 

(Fighter Speed: 300 mph) 

Straight Course, i.e. 

1^141   -?i-ll^5min 

Weaving Course,  i.e.       1 

lPl4l-ßUI   =   30min        j 
I^U-^i-ll^Omin 

1   Total Possible Maximum 
Error of * 2 minutes in 

"F 

t 37 rain 
^F 

i 30 min 1 2° 44' 
^F 

i 2° 27«     ; 
! 

\   Total Possible Maximum 
Error of t 6 minutes in 

and    V   . 
o 

«F 

1 47 mln 

«F 

♦ 2° 32» 
«F 

t 3° 00« 
^F 

♦ 1° 29' 

It is emphasized that these figures represent greatest possible errors. In practice, 

the errors will often be much less, and will tend to cancel each other. However, in view 

of the possible size of those in «F and Ep an accuracy of better than t 40 min cannot 

be expected in the measurement of u and v , even under the most favorable conditions. 

In view of the above table it is recommended that this experiment be tried for only- 

straight courses if an accuracy of i 50 min is desired. If an accuracy of only t  3 degrees 

is sufficient, then weaving courses also may be assessed. 

The table below shows the percentage of the time the error will be numerically less 

than a given angle. (The percentages for ^ and v were computed for a straight course, 

a fighter speed of 300 mph, and a possible total maximum error of t 2 min in ßj, and V* ) 
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Percentage of Time the Error can be expected to be 
Less than a Given Angle 

Angle R» or P* M or v 

1 min 15 56 2% 
30 3 

3 44 5 
4 56 7 
5 67 9 

10 95 17 
15 99 26 
20 35 
25 i*4 
30 52 
35 61 
kO 70 
45 79 
50 87 
55 96 
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CHAPTER D-3 

COMPUTING PROCEDURE 

D-3,01. Scope, The detailed procedure for processing the data is given in the follow- 

ing: first, the outline of the computational steps together with formulas; then, the      5 

procedure for synchronizing the data from the various films; and, finally, the Flow Chart X 

(see left part of Manual) and Form Sheets Nos, 61-64. 

D-3.02. Computations. 

Step 1. Using the CRADLE and target film find ß*  and ^     , where ß0 = ß^ ■»• 90° 

and ^0 s ^'0 «■ 270° are the traverse and inclination angles, respectively. 

(If the Gnomonic Charts instead of the GLOOK are to be used to solve the 

four planar rotations, find ^o and ^ 0 rather than ß'0    and ¥0 ). 

See Computer's Manual for details and P-14 Memo No. 37 for theory. 

Step 2. Using the CRADLE and fighter film, compute the range r0 , and the 

coordinates aT , 5T
 of the target center T and the coordinates '"o , 

60 of the point of intersection Q of the positive X-axis and the 

target circle, both relative to the x-jy-^Zj-systera. See Computer's Manual 

for details. (r0 = ^^   , where d is the diameter of the target 
3 

in yards, s the length in inches of the major axis of its elliptical 

screen image, m the magnification, and f the focal length of the 

camera lens in inches. With these units the above formula gives r 

in yards). 

Step 3» Compute the Cartesian coordinates of the fighter in the XYZ-system by 

the formulas: 

X - -r0 sin ß 0 = r0 sin a0 cos e 0 , 

Y s -r0 cos ß'0 cos H'o - r0 cos a0 cos ^o » 

Z s r0 cos ßy sin^i = r0 sin e0 
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Step U» Compute the direction    Of    ,    «F    of the tangent to the flight path 

relative to the xyz-system from: 

tan aF = 
^i»l - ^i-1 
Yi*l - Yi-1 

tan E F -   ^*^       ^~^ cos  «F 
Yi«-1 ~ Yi-1 

where X^^ - X^,_i  is the value of X at t - 0,1 seconds subtracted 

from its value at t ♦ 0.1 seconds. 

Step 3»  Using the GL00K, find the attack and skid angles u and v , and, if 

desired, the bank and dive angles R* and P* . See Computer's Manual 

for details and P-14 Memo No. 37 for theory. 

D-3.03. Film Synchronization. The synchronization of the two films is most easily 

accomplished by plotting. A time value is assigned to each frame (see procedure in the 

Computer's Manual). The data can now be plotted as a function of the time and s smooth 

curve drawn joining the plotted points to give a graph of the function. The value of the 

function at any required instant can now be read from the graph and thus the values of 

both functions at any given instant determined. 

The same procedure can be used to find the values of X, Y, and Z for every 

0.1-second: plot these curves as functions of time and read from the resulting graphs their 

values at every 0.1 second. 

D-3.04. Flow Chart X. The Flow Chart, though seemingly complicated, is the simplest 

way of presenting an overall picture of the analysis. It is an outline of the various steps 

in the analysis with a brief description of each, jhcwing their order and interdependence. 

Though intended primarily for the supervisor, it serves also as a guide for the computer. 

It will be an aid to the supervisor in scheduling the computing and furnishing time estimates, 
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D-3.05. Form Sheets« Four Form Sheets, Nos. 61, 62, 63 and 64, are given for use in 

computing. They provide for an orderly arrangement of the data and the various steps in 

the computation. They are to be used in conjunction with Flow Chart No, X which provides, 

in effect, an abbreviated set of directions for their use. Each step on the flow chart 

tells where on the form sheets the quantity there discussed is to be computed and entered. 

On Form Sheet No, 61 are computed the spherical coordinates ßo » ^0  » ro 0^ 

the fighter and the coordinates aT ,
E

T »ao >eo0f the target relative to the 

fighter. On the second, No. 62, are computed the cartesian coordinates X, Y, L    of 

the fighter, and on the third the direction a,.  , f. F of the flight-path relative to the 

xyz-systera. The last. No. 64,is for computing u and v > the angles of attack and skid, 

and R* and P* , the bank and dive angles. 

The supervisor must understand thoroughly the flow chart and form sheets. Throughout 

the computing the units in which quantities are measured must be carefully observed. The 

proper units are listed on the form sheets. All angles, unless otherwise stated, are to 

be me^aured in degrees and minutes. 

The supervisor must keep a close watch over the data and computing to ensure its 

accuracy and check it frequently for this. Any sudden jump in the values which cannot be 

accounted for is very likely to be due to an error. 

The two simplest rough checks on data are to plot it or compute the differences of 

successive values. Either of these will generally show up any gross error. If the data 

is plotted, the curve should be smooth with a nearly constant slope. In the second method 

the differences should be constant or changing slowly. 

Spot ch-icking should also be applied. Pick a confutation at random and repeat it, 

checking the final result. This should be done several times, the oftener the better. 

Places where the data change signs should be carefully watched and checked. 

It is particularly important that the supervisor look over the work, viewing it as 

a whole, and check the final results for reasonableness. 
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FLIGHT    PATH    PROBLEM 

CHAPTER    E-l 

THEORY    AND    METHOD 

E-1.01. Objective of the Experiment».    During the summer of 1945, a project designa- 

ted as F. C. No, 36 was carried out at A. T., U, S. N. A. T. C», Patuxent üiver, to 

determine the actual flight path of an Arny RP-63 fighter when making specified pursuit- 

curve attacks on a bomber flying straight and level at constant speed.    This path was 

desired relative to the bomber and also to the air mass.    One reason for this experiment 

was to determine how closely the fighter stayed in the plane of action, defined as the 

plane*"* of the bomber's path and the lighter's position at the beginning of the attack. 

E-l.02. Experimental Requirements.    Since the target rarge, azimuth, and elevation, 

found in the course of the assessment for F, C. No. 14, are essentially the spherical 

coordinates of the fighter relative to the turret axes at the Martin forward crown-turret, 

the first part of the Flight Path Problem amounts to a partial assessment of the type 

discusssd in Section A of this Manual,  using the PB4Y-2, A. T. No. 14,  for the bomber. 

To obtain the path relative to the air mass it is only necessary to convert the spherical 

coordinates to a set of rectangular coordinates, one of whose axes coincides with the 

path of the bomber, and add to the corresponding coordinate the distance the bomber 

traveled from an arbitrarily chosen starting point.    Since the turret axes must be sta- 

bilized in the sense that they only translate along the bomber's path and do not rotate, 

corrections for bomber roll, yaw, and pitch are required. 

In view of the fact that the RP-63 possessed neither winglights nor wingmarks, the 

range scaling procedure would not have been sufficiently accurate on gun-camera film taken 

*   For further details se« "Final Report o.i Photographic Assessment of RP-63 Aircraft Pur- 
suit Attacks",  (Restricted), Project No. PTR 32261, 24 Sep 1945, Armament Test, U. S. 
Naval Air Test Center, Patuxent River, Maryland. 

■«■* This should really be called the initial plane of action. 
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with a 2-inch lens because of the difficulty in seeing the wingtips.    This problem was 

solved by installing a special 10-inch lens in the Martin rear crovm-turret gun-camera, 

thus obtaining an image about five times the size of that given by a 2-inch lens.    It 

was not considered advisable to use the 10-inch lens on the Martin forward crown-turret 

gun-camera because of the restricted field of view and because the CRADLE was set up for 

the 2-inch lens. 

Gun, target, and gyro data were gathered in the saune fashion as in F. C. No. 1/+ 

(Chapter A-2).    Sight-cameras were not used,  since no question of gunners'  performance 

was involved.    They merely had to track well enough to keep the fighter in the field of 

view of the gun-cameras, 

£-1,03. Method of Analysis,    The RAZEL- and forward crown-turret gun-camera films are pro- 

cessed in JIP same manner as in F. C, No. 14, except that the wing distances are not scaled. 

The rear crown-turret gun-camera film is projected separately and the wingspan scaled from it. 

Careful alignment of the frames is not required for the latter. 

The reading of data from gyro film is carried out as before, but it is to be inter- 

preted differently.    There being no firing nor impact times in this problem, local stabil- 

ization (Section A-3'04) has no meaning.    Here the stabilized fighter position means its 

azimuth and elevation with respect to stabilized axes (XYZ) where the origin is at the 

center of the Martin forward crown-turret, XY-plane is horizontal, and the bomber's path 

is directed along the Y-axis,    In this connection it must be emphasized that Gyro Set 

No, 2, used in this experiment, was installed differently from Set No, 1 (Section A-2.07) 

in that the axes of the former were parallel to  'ihe turret axes instead of being rotated 

through the expected flight angle from that position.    Hence the pitch readings will in- 

clude the flight angle.    Since this is correct when the GL00K is to be used in the order 

YRP (see the Theory Manual, Chapter A-4), the pitch readings should not be corrected for 

initial pitch.    There is of course an uncertainty due to the fact that it is impossible to 

tell how much of the initial reading is flight angle and how much is misalignment of the 
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Z-rotor when erected.    However,  the fact that the pitch readings turned out to be in the 

neighborhood of 2 or 3 degrees (actually -2 or -3 degrees, but the signs must be reversed) 

indicates that flight angle is the principal contribution and therefore justifies neglect- 

ing the initial pitch. 

A further difficulty results from the fact that the gyro rotor-axes will fail to be 

aligned perpendicular to each other by the amount of the initial pitch even if the  erec- 

tion mechanism works perfectly,  owing to the gravity erection on the Z-rotor.    This much 

misalignment and the previously mentioned uncertainty together may cause the stabilized 

azimuth and elevation to be in error by several minutes, but will generally produce errors 

of less than - 3 yards in the rectangular coordinates of the fighter and so are considered 

tolerable. 

E-1.04. Form of Results.    As far as the path relative to the bomber is concerned,  the 

spherical coordinates (r = range,     a   = stabilized azimuth, and     e-as stabilized elevation) 

constitute a sufficient answer and are tabulated vs time (see Fig. 1.01).    However, to 

provide a convenient visual representation, as well as to obtain the path relative to the 

air mass as mentioned in Section E-1.02,  it is necessary to convert them to rectangular 

coordinates.    This may be accomplished by means of the formulas: 

x » r cos e sin a 
y ■ r cose cos a      Equation (l) 
z B r sin e 

the derivation of which may be seen by reference to Fig. 1.02. Then (x, y) is a point on 

the projection of the fighter's path on the XT-plane, (x, z) on the XZ-plane, and (y, z) 

on the YZ-plane, These three plane projections are plotted to give the "relative" curves, 

a sample of which is shown in Fig, 1.03. 

Since the bomber's path is along the Y-axis, a point on the path relative to the air 

mass has the coordinates (x, y1, z) where x and z are the same as in Equ. (l) and 

y' s y f vbt, vb being the bomber's TAS (constant) and t the time since the start of 
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the attack, taken as the instant when the range is about 800 yards. The projections of 

this path are also plotted on the same graphs, giving the "actual" curves of Fig. 1.03. 

Note that the projection on the XZ-plane is the same for both relative and actual paths. 

Also plotted is the projection of the plane of action, as defined in Section E-1.01, 

on the XZ-plane. This projection is a straight line through 0 and the initial point of 

the XZ-projection of the paths. A comparison of these projections indicates how well the 

fighter stayed in the plane of action. 

In addition to the scales along the X, Y, and Z axes on the graphs,  the XZ-plane 

carries scales of range and time corresponding to   x    .    These provide a ready means of 

determining the range and time at any given point on the relative or actual path. 
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CHAPTER   E-2 

DETAILED    PROCEDURES    (F.  C. NO.  36) 

E-2.01, Form 10.    This sheet is ,ised as before (see Section A-5.03),  except that Cols 

10-B and 10-E are omitted.    The data were read from the RAZEL film at every third frame as 

in F. C. No. 14, but it turned out later that every sixth frame would have been sufficient, 

since these attacks all originated aft of the beam and hence the position of the fighter 

changed relatively slowly. 

E^2.Ü2, Form 11.    This sheet is also used in general as before (see Section A-5.04), 

but it is advisable to employ two  separate sheets,  one for the ranging from the  rear crcwn- 

turret gun-camera and the other for the target position  from the forward crown-turret gun- 

camera.    On the former only Cols 11-A,  11-H, 11-B, and 11-C are used,  and on the latter only 

Cols 11-A,  11-H, 11-F, and 11-G except that two unused columns may be employed to record the 

gun azimuth and elevation read from P10-F and P10-G at the times of Col 11-H. 

The plotting of the target azimuth (Pll-F) and elevation (Pll-G) vs Col 11-H is 

required only as a check for accuracy,  since no interpolation is required in these data. 

This graphical step should be carried out as the values are read from the CRADLE,   in order 

to check doubtful points with a minimum of inconvenience.    Smoothing is unnecessary except 

as required to tell whether points are cut of line.    The  supervisor should examine and 

approve these data before the analysis proceeds further. 

E-2.03. Form 21.    The only changes from the previous procedure for this sheet  (see 

Section A-5.09) are that Col 21-J is omitted and Col 21-G is merely the negative of Col 21-D, 

the initial pitch reading being ignored for the reasons stated in Section E-1.03. 

E-2.04. Form 24.    This sheet is used with the GL00K problem to find the stabilized 

azimuth and elevation, the details of which are stated in the Computer's isanual.  Section I, 

GL00K Problem Solution Wo.  3« 

Cols 24-A and 24-B are for the frame numbers to b« assessed on the Martin forward 
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crovm-turret gun-camera film and their corresponding times obtained from the proper 

conversion table. 

Cols 24-C and 2A-D are the same as Cols 11-F and 11-G, respectively, or may be 

read from Pll-F and Fll-G, respectively. Be sure that Cols 11-F and 11-G have been 

checked before using them here. 

Cols 24-S.  24-F. and 24-G are read from F21-G, P21-H,  and P21-F,  respectively, 

at the times of Col 24-B.    The data needed for the GLOOK problem have now been 

assembled. 

Cols 24-H and 24-J are used to tabulate the results of the GLOOK problem.    Kough 

checks of the type employed in Section A-5.11 are harder to develop here, because the 

pitch, which is equivalent to the pitch difference,  is of the order of 2 or 3 degrees. 

Hence it will in general have a noticeable effect on both azimuth and elevation. 

P24-H and P2W.    The stabilized azimuth and alevation are plotted vs Col 24-B 

as a check on accuracy and to permit smoothing for interpolation.    To avoid confusion, 

a separate v/orking sheet from that used for gun and unstabilized target data is 

usually required.    Again this graphing should be done as the values are obtained,  to 

simplify repeating the GLOOK problem for doubtful points. 

324-H and S24-J»    Smoothing of P24-H and P24-J must be performed with care and 

should be checked by the supervisor before the next step is carried out. 

E-2.05. Form 25.    This sheet is used to transform from spherical to rectangular coor- 

dinates in accordance with the method explained in Section E-1.04. 

Col 2$-A.    To simplify the time scale for purposes of tabulating and plotting 

final data. Col 25-A is listed every 0.2 second. 

Cols 25-C and 25-Dare for tabulating the smoothed, stabilized fighter azimuth 

and elevation read from S24-H and 324-J,  respectively, at the times of Col 25-A. 

Col 25-B.    The smoothed range available on Sll-C is measured from the Martin rear 

crown-turret.    To correct it for parallax to the Martin forward crown-turret, it is 
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read at the times of Col 25-A,    ö    is found as in Section A~5.05 from Cols 25-C and 

25-D, and the range correction given in the proper table in Chapter A-8 of the Theory 

iüanual applied.    These steps can all be performed mentally and the results recorded 

in Col 25-B.    However,  the supervisor should check it before further calculations 

are carried out. 

Cols 2^-E.  25-F.  2$-G. and 25-H provide spaces for tabulating the sines and co- 

sines of Cols 25-C and 25-D,  which are needed for the calculations of    x    ,    y    ,    and 

z    by Equ.  (l) of Section E-1.04.    Convenient tables of sines and  cosines are to be 

found,  for example,  in the "Mathematical Tables from the Handbook of Chsmistry and 

Physics", 7th edition,  p. 86 et Seq.    Care must be exercised to take data from the 

proper columns of these tables and especially to attach the correct algebraic  sign, 

which is not given in the table. 

Cols 25-J, 25-K,  and 25-L are for recording the computed values of    z    ,    y    , 

and    x    ,  respectively.    These calculations can be readily performed on a modem 

computing machine.    Again care must be taken to carry the proper sign to each result. 

The value of    y'     is easily calculated by adding the product of    v^    , which 

should be listed at the bottom of Form 25, and Col 25-A algebraically to Col 25-K, 

an operation also well suited to a computing machine.    No column was provided for 

Y1     , but it may be listed in the right margin of Form 25, or Col 25-K can be divided 

in half vertically and one part of it used for    y1     . 

E-2.06. Form 26.    This sheet was originally intended for use with calculations designed 

to give a quantitative estimate of the fighter's performance with regard to staying in the 

plane of action.    The    plan    was to determine    6    ,  the value which the stabilized eleva- 

tion would have had if the fighter had stayed in the plane of action.    Then ( ^ - c' )   was a 

measure of the deviation from the plane of action.    Since it was decided later that the 

graphical measure (Fig. 1.03) was sufficient, the details of Form 26 will be omitted. 
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GLOSSARY 

The following tenna are encountered in aerial gunnery-assesament operations. The list 
contains only those terms not in common scientific use, or those employed in a special or 
limited sense. 

ACTUAL; as applied to this assessment, an adjective describing a situation as it really 

existed, as distinguished from what it should have been (see also TRUE). 

ACTUAL BORE-LINE; the direction of the centerllne of a gun barrel. 

ACTUAL BORE-POINT; any convenient point on the actual bore-line. 

ACTUAL LEAD; the angular displacement of the actual bore-line from the line- 

of-sight. 

AIMING PIP; (see Mk 18 SIGHT). 

AIR MASS: the stationary body of air in the vicinity of an aerial assessment test, assumed 

to have uniform temperature, pressure and velocity. 

AIR MASS COORDINATES; a set of reference axes which are fixed with respect to 

the air mass. 

ANALOGUE TYPE OF COMPUTING MACHINE; a confuting machine which solves a problem by setting 

up a similar geometrical or physical configuration. 

ANGLE-OFF. 9; the angle between the forward direction of motion of the gun platform and 

the gun bore-line (see Section A-1.04 and Fig. 1.01). 

ANGLE-SHOTS; pictures for each gun- or sight-camera and lens, showing part or all of the 

photo target range, for which the angular displacements of the various target are known. 

APPARENT V/INGSPAN; (see WINGSPAN). 

ASPECT; in general, the attitude of the target as seen by the gunner; specifically, the 

foreshortening of the wingspan when not viewed perpendicularly. 

ASPECT ANGLE; the angle between the line of aight and a plane perpendicular to 

the wing line from tip to tip« 

ATTACK; one pass by a fighter against a bomber. 
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ATTITUDE OF BOMBER; the direction of the bomber-axes at any instant with respect to the 

gyro-axes (see Section A-2.07). 

AUXILIARY TRANSIT; a transit used in conjunction with a GLOOK, PLAXIE, or other com- 

puting instrument, but not an integral pert of it, for the purpose of "marking" a 

desired direction and sometimes also to read a given or desired elevation. 

AXIS;  (1) a line about which rotation takes place. 

ROTATION-AXES OF A TRANSIT; the two axes about which the telescope can be 

rotated, "ailed the azimuth axis and the elevation axis. 

ROTATION-AXES OF A TURRET; the two axes about which the guns can be rotated, 

called the azimuth and elevation axes on the Martin crown-turret and the 

inclination and traverse axes on the Erco ws.ist-turret (see Fig. 1.02). 

(2) a reference line of a coordinate system. 

BOMBER-AXES. (X, Y, Z): any coordinate system with axes parallel to the turret 

axe» at the Martin forward crown-turret (X, Y, Z). The origin is located 

wherever convenient for the purpose at hand (see Section A-2.03). 

GUN-AXES AT THE ERCO PORT WAIST-TURRET. (Xg, Yg, Zg): a coordinate system 

whose origin is at the turret center, whose Xg-axis is always parallel 

to the gun bore-line and whose Y_-axis is parallel to the traverse plane 

(see Section A-2.03 «id Fig. 2.06). 

GYRO-AXES, (iL,, YG, ZG); a coordinate system which translates with the bomber 

but does not rotate, and which coincides initially (when the gyros are 

aligned) with vXj., Yr, Zr) (see Section A-3.04). 

GYRO-COORDINATE AXES. (Xr, Yr, Z^- a coordinate system specified by the rigid 

mounting of the gyro box; the XpYp-plane is parallel to the plane of the 

yaw dial, the YrZf-plane to x.hat of the pitch dial, and the ZpXp-plane to 

that of the roll dial (see Section A-2.07 and Fig. 2.13), 
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TURRET-AXES AT THE ERGO PORT WAIST-TURRET. (X^ Yt, Z^: a coordinate system 

whose origin is at the turret center and which differs from the bomber- 

axes at that turret only by a rotation of the XY-plane through the offset 

angle in the negative azimuth direction (see Section A-2.03 and Figs. 2.04 

and 2.05). 

TURRET-AXES AT THE MAPT^'N FORWARD CROVVN-TURRET. (X, Y, Z): a coordinate system 

whose origin is at the turret center, whose Z-axis coincides with the 

turret's axis of rotation, and whose Y-axis is parallel to the bomber's 

plane of symmetry (see Section A-2.03 and Fig. 2.02). 

AZEL: an instrument which indicates gun azimuth and elevation directly on appropriate 

scales (see also RAZEL). 

AZIMUTH (or): with respect to bomber-axes (X, Y, Z), the angle between the positive 

Y-axis and the projection of a given direction from the origin onto the XY-plane 

(see Section A-2.03 and Fig. 2.03). 

AZIMUTH ERROR; the azimuth component of an error. 

GUN AZIMUTH { <*e)i    the azimuth of the gun bore-line. 

PLAXIE AZIMUTH SETTING («! ): in parallax correction between 0 and 0' , the 

azimuth of the direction 00' (see Section A-3.0$ and Fig. 3.11). 

TARGET AZIMUTH ( aT ): the azimuth of the direction from the origin of the 

bomber-axes to the target point. 

BI-CAMERA;  (see TARGET-CAMERAS). 

BOMBER-AXES; (see AXES). 

BORE-LINE (or GUN BORE-LINE); the direction of the centerline of a gun barrel, i.e., the 

direction in which the gun is pointed. 

BORE-POINT; any convenient point on the bore-line, 

BORESIGHTING; the process of aligning a camera's or sight's optical-axis parallel to a 

given bore-line. 
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BULLET DISPERSION; the phenomenon that projectiles fired from a fixed gun do not all 

strike the same point, but tend to be grouped in a regular pattern about a mean 

point of impact. 

CATALOGING MARKS; a set of dots or streaks placed on a film by a special lamp, generally 

toward the end of each attack, for the purpose of identifying the attack to which 

the film belongs. 

CENTER OF A PICTURE ON A SCREEN; the intersection of the diagonals (assuming a rectangular 

frame). 

CENTER OF A TURRET; the chosen origin of the turret axes (see Section A-1.04 and A-2.03). 

CIRCULAR MIL; 1/1600 of a right angle (6400 circular mils . 360°). 

CRADLE; a computing instrument designed for use in reading data from projected film and 

performing certain rotations of axes at the same time (see Section A-3.03 and Figs. 

3.01, 3.02, and 3.03). 

CRADLE AXIS; the fixed horizontal axis about which the CRADLE transit rotates 

(see Section A-3.03 and Fig. 3.01). 

CUTTING BARREL (or FILM CATCHALL); a lined fiber receptacle for unwound film to prevent 

damage to it. 

DEFLECTOMETER: a device built for the AAF for turret installation, using flexible cables 

to move dials vhich indicate gun aaimuth and elevation for recording directly on the 

gun-camera film (s^e Section A-2.04 and Fig. 2.08), 

DEFLECTOMETER-CAMERA; a gun-camera whose pictures show also deflectometer dial 

readings on the edges (see Fig. 2.08). 

DEPENDENT ERRORS; (see ERRORS). 

ECTIONAL STABILIZER: (see GYROS). 

VERSION; (see BULLET DISPERSION). 

DOFOGRAPH; a graphical representation of ballistic deflections (gravity drop and trail), 

giving specifically the rate of azimuth and elevation component deflections in minutes 
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of arc per second of tlme-of-flight (see Sections A-1.04 and A-5.12 and Fig. 5.06). 

DRY RUN; an at-ack in which no actual firing occurs. 

ELEVATION, ( O: with respect to bomber-axes (X, Y, Z), the angle between the projection 

of a given direction from the origin onto the XY-plane and the direction itself 

(see Section A-2.03 and Fig. 2.03). 

ELEVATION ERROR; the elevation component of an error. 

GUN ELEVATION. {*6)i    the elevation of the gun bore-line. 

PLAXIE ELEVATION SETTING. ( Ei ); in parallax correction between 0 and 01 , 

the elevation of the direction 00* (see Section A-3.05 and Fig. 3.11). 

TARGET ELEVATION. (fT); the elevation of the direction from the origin of the 

bomber-axes to the target point. 

ERGO WAIST-TURRET; a turret manufactured by the Engineering Research Corporation and 

installed in the PB4Y-2, A. T. No. 14 (see Fig. 2.01 (b)). 

ERECTING MECHANISM; a device for aligning the axes of the gyros initially parallel 

to specified directions. 

ERROR; a failure or shortcoming of a device or method as distinguished from a mistake 

(see Section A-7.06). 

DEPENDENT ERRORS; two or more related errors, where the size of one affects 

the others. 

INDEPENDENT ERRORS; two or more unrelated errors, where the size of any one 

is not affected by that of any other. 

EVASIVE ACTION; any intentional Hc-<riation of an aircraft from a straight path or con- 

stant speed. 

FIDUCIAL MARKS; on a film^thf- triangular indentations on the middle of the edges of 

each frame, useful in aligning the image on the screen (see Section A-3.06 and Fig. 2.08). 

FILM CATCHALL; (see CUTTING BARREL). 

FILM TEST-STRIPS; (see LENS CALIBRATION-SHOTS). 
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FIRING TIME (or PRESENT TIME):    the instant when a projectile is assumed to be fired from 

a gun. 

FIXED RETICLE;    (see Mk 18 SIGHT). 

FLIGHT;    one sortie.    In aerial assessment several attacks are usually executed in the 

course of each flight. 

FLIGHT ANGLE.  (P0)!    the angle between    Zr   and    Z    ; approximately the aerodynamic 

angle of attack of the wings (see Section A-2.07 and Fig. 2.13). 

FLIGHT SHEETS;    a record of the conditions, equipment, and personnel involved in each 

flight (see Section A-2.09 and Figs. 2.1!) and 2.19). 

FORM SHEETS;    data sheets for use in carrying out the assessment systematically (see 

Chapter A-5 and A-6),    For the method of denoting columns and the operations of 

plotting and smoothing,  see Section A-5.03. 

FRAME;    one picture on a motion picture film. 

FRAMING-MARKS;    boundary lines placed on the screen to desigr.ite the proper position of a 

projected image (see Sectiona A-3.03 and A-3.06, also Figs. 3.02 and 3.03). 

FUTURE TIME;    (see IMPACT TIME). 

GLOOK;    a computing instrument designed to '       'e more general rotations of ax.es than the 

CRADLE; for example, in corrections i iges in bomber attitude (see Section A-3.04 

and Figs. 3.04 and 3.05). 

GRAVITY DROP;    the deflection of a projectile from a straight path due to gravity, 

GRAVITY DROP ANGLE;    the angular deflection of a projectile due to gravity drop, 

the vertex being at the origin of the turret axes. 

GUN-AXES;    (see AXES). 

GUN BORE-LINE;    (see BORE-LINE). 

GUN-CAMERA;    a motion picture camera aligned parallel to the gun bore (often attached to a 

gun) for the purpose of photographing the location of the target with respect to the 

bore-line, i.e., to record the actual lead (see Section A-2.05 and Fig. 2.09). 
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BORESIGHTED GUN-CAMERA.; a gun-camera whose optical-axis is parallel to the 

bore-line, (See also GUN-CAMERA). 

OFFSET GUN-CAMERAi a gun-camera whose optical-axis makes a fixed, non-zero 

angle with the bore-line. (See also GUN-CAMERA). 

GUN-LEAD; the angle at the gun between the line-of-sight and the bore-line. 

GUN-LEAD ERRORS; errors in the gun-lead, usually consisting of the radial 

error and its components in elevation and either azimuth or traverse. 

GUNNER'S RANGE ERROR; the range-input minus the range. 

GUNNER'S TRACKING ERRORS; measures of the gunner's failure to keep the aiming pip on 

the target, usually consisting of the radial error and its components in elevation 

and either azimuth or traverse, 

GUN-SIGHT; (see SIGHT). 

GYRO; gyroscope, a device which, when free, maintains a fixed direction in space 

(see Section A-2.07). 

DIRECTIONAL STABILIZER GYHO (Y-ROTOR); a particular type of gyroscope whose 

axis of rotation is designed to be parallel to YQ (or XQ ); measures 

yaw, 

VERTICAL FLIGHT GYRO (Z-ROTOR)t a particular type of gyroscope whose axis of 

rotation is designed to be parallel to ZG ; measures roll and pitch. 

GYRO-AXES; (see AXES). 

GYRO-CAMERA; a motion picture camera which photographs the gyro scales (see Fig. 2.11 

GYRO-COORDINATE AXES; (see AXES). 

IMPACT TIME (or FUTURE TIME); the instant when a projectile fired at firing time is 

assumed to strike the target. 

INCLINATION; on the Erco port waist-turret, (l) the motion of the guns about the turret's 

axis of rotation (see Fig. 1.02); (2) the dihedral angle between the X^Y^-plane and 

the traverse plane (see Fig. 2.06), 
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INDEPENDENT ERRORS;  (see ERRORS). 

INDICATED AIR SPEED, (IAS): the speed shown on an aircraft's indicated airspeed meter. 

INITIAL READINGS: the roll, yaw, and pitch indicated on the gyro dials at the instant 

the gyros were freed (see Section A-2.07). If the erecting mechanism works per- 

fectly, the initial readings will agree with the zero dial readings. 

JUMP CARD TESTS; an experimental procedure for determining bullet dispersion. 

LEAD;  (see GUN LEAD). 

LENS CALIBRATION-SHOTS (or FILM TEST-STRIPS); films used to align or check the location 

of the film-reading equipment; e.g., angle-whots, level-shots, and position-shots. 

LEVEL-SHOTS; pictures for each installed gun- and aight-camera and lens showing a line 

parallel to the XY-plane (see Sections A-2.1Ü and A-3.06 and Fig. 3.13). 

LINE-OF-SIGHT; the direction from the gun or sight to the target. 

LOCAL STABILIZATION; the process of calculating the target direction with respect to 

gyro-axes from its direction with respect to turret-axes and the roll, yaw, pitch 

data. 

Mk 18 SIGHT; a gyroscopic fire control device designed to compute the true lead when the 

gunner tracks and ranges correctly. 

AIMING PIP; the center pip of the moving reticle, to be kept in line with the 

target while tracking. 

FIXED RETICLE: the lighted pip which always shows the bore-line (unless it is 

superelevated), if the sight is properly installed. 

MOVING RETICLE; the lighted pips which move from the fixed reticle direction 

in order to axüow for the required lead. 

RANGING PIPS: the set of six pips arranged in a circle around the center pip, 

the diameter of this circle being controlled by the gunner during ranging, 

MARTIN CRO'M-TUHHET; a turret manufactured by the Glenn L. Martin Company and installed 

in the PB4Y-2, A. T. No. 14 (see Fig. 2.01 (a)). 
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MIL: a small unit of angular measure; may refer to circular mil, milliradian, or Navy 

mil (see Section A-5.13). 

MILLIRADIAN; 0.001 radian. 

MISTAKE: a failure of some person to perform an operation or calculation correctly (see 

Section A-7.06). 

MOVING RETICLE: (see Mk 18 SIGHT). 

NAVY MIL: arc tan 0.001; 1 milliradian s 1.0000003 Navy mils. 

OFFSET ANGLE, ( &): the angle in the XY-plane between the Erco waist-turret's axis of 

rotation, Yt , and the Y-axis (see Section A-2.03 and Figs. 2.0U,  2.05 and 2.06). 

OPTICAL RANGING:  (see STADIMSTRIC RANGING). 

OVERHANGING: describes the situation where the gunner is feeding too large a range into 

a Mk 18 sight by having the reticle diameter smaller than the apparent wdngspan. 

PARALLAX CORRECTION: the process of calculating the target position at one location from 

a knowledge of it at another location and their relative positions (see Section A-3.05). 

PHOTO TARGET RANGE: a row of targets used in getting angle-shots, where the angular 

positions of the targets as seen from the optical center of the camera lens are known. 

PITCH, (P): the angle through which an aircraft has turned from an initial position when 

rotating about an axis parallel to X , positive if the nose is up (see Section A-2.07). 

PLANE OF ACTION: the plane of the gun bore-line and the direction of motion of the gun 

platform, 

PLANE OF SYMMETRY OF AN AIRCRAFT; the plane which is perpendicular to the line connecting 

the wingtips and which divides the aircraft into symmetrical halves. 

PLAXIE: a computing instrument designed to handle certain translations of axes, especially 

those involved in parallax correction (see Section A-3.05 and Figs. 3.06 and 3.0?). 

POSITION-SHOTS; pictures showing the location of a reference point on gun- or sight-camera 

film, usually taken just prior to each flight by aiming the sight at a designated 

target (see Sectiona A-2.10 and A-3.06 and Fig. 3.1^). 
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PRESENT TIME; (see FIRING TIME). 

PURSUIT CUHVE; the path of a fighter attacking a bomber. 

RADIAL SRRDR; the angular difference between an actual and corresponding true direction 

(see Section A-5.13). 

RANGE, (r): the distance from a turret center to the target point at any  instant. 

RANGE-INPUT: the range fed into a Mk 18 sight by the gunner by setting the winfc,span 

of the target and adjusting the ranging pips (see Section A-2.08). 

RAZfcIL-RANGE; range-input as recorded by the RAZEL range scale. 

REMOTE-RANGE;  range-input as recorded by a selsyn device activated by the 

sight's range circuit. 

SIGHT-RANGE; range-input as calculated from the reticle diameter on the sight- 

camera film. 

RANGING; the process by which a gunner using a Mk 18 sight attempts to keep the reticle 

diameter equal to the apparent wingspan of the approaching target. 

RANGING PIPS; (see Mk 18 SIGHT). 

RANGING-SHOT; a set of pictures designed to provide the constant which converts reticle 

diameter into sight-range, usually taken just before each flight with the sight set 

for minimum range and maximum wingspan (see Section A-5.15). 

RAZEL; an instrument which indicates range-input, gun azimuth and elevation directly 

on appropriate scales (see Section A-2.04)« 

RAZEL-CAMERA; the camera photographing the RAZEL scales (see Fig. 2.07). 

RELATIVE AIR DENSITY. ( P ): the ratio of the actual air density to that at sea level 

under standard atmospheric conditions of temperature and pressure. 

RETICLE; a system of lines, circles, or points in a sight, by means of which the gunner 

aims and sometimes also ranges. 

RETICLE DIAMETER; on a Mk 18 SIGHT, the inside diamfeter of the circle of 

ranging pips. 
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ROLL, (R): the angle through which an aircraft has turned from an initial position when 

rotating about an axis parallel to Y , positive if the starboard wing is up 

(see Section A-2.07). 

SCREEN CENTER; the intersection of the projector's optical-axis and the screen. 

SEMI-CrLOOK; a CRADLE mounted on a turntable to provide motion about a vertical axis; 

equivalent in motions to a GLOOK lacking either its rocker or saddle (see Section A-3.03). 

SIGHT (or GUN-SIGHT); a device used in observing a target for nurposes of aiming a gun. 

SIGHT-CAMERA; the camera photographing what the gunner sees through the sight 

(see Fig. 2.14). 

SIGHT-POINT; the center of the aiming pip on the sight. 

SINGLE-SHOT HIT PROBABILITY; the probability that a projectile fired at some instant will 

score a hit at some later instant. 

SLOW-DOWN; the decrease in the speed of a projectile due to air resistance. 

STABILIZATION; the process of correcting the target direction for changes in the air- 

craft's attitude over the time-of-flight, as recorded in the form of roll, yaw, pitch 

data. 

STADIAMETRIC RANGING (or OPTICAL RANGING); the process of calculating range by measure- 

ments of the apparent size of the target. 

SUPER-ELEVATION; an intentional raising of a bore-line to compensate for bullet gravity 

drop, 

SYNCHRONIZATION; the process of controlling the speed and relative phase of all cameras 

and recording a regularly spaced time signal on the film. 

SYNCH SYSTEM (or UNIT, SU); an electrical device for attaining desired synchronization and 

providing suitable control of all cameras and other recording equipment. 

TARGET-CAMERAS; one or more cameras mounted in a fixed but sometimes (ground) adjustable 

position on an aircraft for the purpose of photographing a target (see Section A-2.05). 

BI-CAMERA; a group of two target-cameras. 
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TRI-CAMERA:    a group of three target-cameras  (see Fig. 2.01 (a)). 

TARGET-POINT:    the point on the target which a gunner attempts to hit,  taken as the center 

of the propeller hub on a single-engine fighter like the F6F (see section A-1.04). 

TEoT-STRIFS:     (see LENS-CALIBRATION SHOTS). 

TDffl-OF-FLIGHT (or TRANSIT-TIME. T );    impact time minus firing time,  i.e.,  the interval 

of time between the instant the gun is fired and the instant the projectile strikes 

the target, assuming that a hit is scored (see Section A-1.Ü3). 

TIME-OF-FLIGHT METHOD;     (see TRANSIT-TIME METHOD). 

TIMING MARKS:      a set of dots or streaks placed on a film at regular time intervals hy a 

special lamp for the purpose of determining the speed of the film. 

TOTAL-ATTACK AVERAGING METHOD:    a method of computing the time corresponding to any 

desired frame (see Section A-4.03). 

TRACKING;    the process by which a gunner using a computing sight attempts to keep the 

aiming pip on the target. 

TRAIL;    the apparent deflection of a projectile from a straight path with respect to the 

(moving) turret axes caused by its slow-down. 

TRAIL-ANGLE;    the apparent angular deflection of a projectile due to trail, 

the vertex being at the origin of the turret-axes. 

TRANSIT;    (1) a surveying instrument for measuring azimuth and elevation (see Fig. 3.08). 

(2) the passage of the projectile from gun to target, as in transit-tine. 

TRANSIT CENTER;    the intersection of the axes of rotation of a transit's 

telescope. 

TRANSIT-TIME;     (see TIME-OF-FLIGHT). 

TRANSIT-TIME METHOD (or TIME-OF-FLIGHT METHOD):    the method of determining the true bore- 

line by working back from impact time to firing time (see Chapter A-l), 

TRAVERSE;    on the Erco waist-turret,  (l) the motion of the guns about their axis of rota- 

tion (see Fig. 1.02);   (2) the angle between the projection of the X^-axis on the 
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traverse plane and the gun bore-line (see Fig. 2.06). 

TRAVERSS ERROR:    the azimuth error multiplied by the cosine of the gun or , 

target elevation (see Sections A-5.13, A-5.16,  and A-6.05). 

TRAVERSE PLANE;    the XgY^-plane,   i.e.,  the plane in which the guns move when 

rotated about their axis of rotation (see Section A-2.03 and Figs. 1.02 and 

2.06). 

TRI-CAMERA;     (see TARGET-CAMERAS). 

TRUE:    as applied to this assessment, an adjective describing a situation as it should 

have existed, as opposed to the actual situation. 

TRUE BORE-LINE:    the direction in which the gun should have been aimed when a 

projectile was fired in order to score a hit at some later instant (see 

Section A-1.03). 

TRUE BORE-POINT:    any convenient point on the true bore-line (see Section A-1.03). 

TRUE LEAD;    the angular difference between the true bore-line and the line-of- 

sight. 

TRUE AIR SPEED,  (TAS):    the speed of an aircraft relative to the air mass, usually ob- 

tained by correcting IAS for altitude and temperature,  assuming standard atmospheric 

conditions, 

TRUE-AN OLE POINT;    the point on the projector's optical-axis from which angles as viewed 

on the (flat) screen are identical with the corresponding angles as photographed 

(s'3e Section A-2.10). 

TURRET-AXES:     (see AXES). 

TURRET CENTER;     (see CENTER OF A TURRET). 

UNDERRANGING:    describes the situation where the gunner is feeding too small a range into 

a Mk 18 sight by having the reticle diameter larger than the apparent vdngspan. 

VECTOR METHOD;    an alternative way of determining the true bore-line, generally less 

satisfactory than the transit-time method (see Section A-1,01). 
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VSRTICAL-FLIGHT GTOO;     (see GYHOS). 

VJING-LIGHTS:     special lights mounted on the wings to define clearly a known wing distance 

and thus facilitate stadiametric  ranging. 

WING-MARKS:    strips painted on each wing in a color contrasting with that of the wing,  for 

the same purpose as wing-lights. 

WINGSPAN;    the distance on an aircraft from the tip of one wing to the tip of the other. 

APPARENT WING3PAN;    the image of the wingspan in a sight or camera or on a 

screen. 

YAW,  (Y):    the angle through which an aircraft has turned from an initial position when 

rotating about an axis parallel to    Z    , positive if the nose has turned to the 

left (see Section A-2.07). 

Y-ROTOR;    (see GYRO). 

ZENITH ANGLE,  (z):    the angle between the vertical with respect to the earth and a given 

direction. 

ZERO DIAL READINGS:    the roll, yaw, and pitch indicated on the gyro dials when the rotors 

are in alignment (see Section A-2.C7). 

Z-ROTOR;    (see GYRO). 
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NOTATION    AND    ABBREVIATIONS 

(Unusual terms used below are explained in the GLOSSARY) 

a,  b,   c:    in parallax correction between    0    and    0*   ,   the rectangular coordinates of    0' 
with respect to bomber axes centered at    0    (see Section A-3.05 and Fig. 3.11  (a)), 

« :    azimuth. 

Oj :    PLA'XIE  azimuth setting» 

Og :    gun azimuth 

o^   :    target azimuth 

AMG-C;     Applied Mathematics Group at Columbia University. 

AMG-N;    Applied Mathematics Group at Northwestern University. 

AMP:    Applied Mathematics Panel. 

API M-8;    armor £iercing and incendiary 0.50 caliber projectile,  type M-8. 

A.  T.;     Armament Test, a Test Unit of U. S. N. A. T. C,  Patuxent River, Maryland. 

d:    distance PLAXIE transit is moved during parallax correction (see Section A-3.0$ and 
Fig. 3.11 (b)). 

5  ;    offset angle. 

e ;    elevation. 

e.:    PLAXIE elevation setting 

K   :    gun elevation 

FT :    target elevation 

F. C;     fire control. 

F. C. No.;     fire control project number, at A. T. 

F6F;    a Navy fighter, the Hellcat, manufac-    ?d by Grumman Aircraft Engineering Corporation. 

GSAP;    gun sight aim point, used to descri'c L, type of 16 mm motion picture camera. 

h:    in parallax correction, the distance between    0    and    0'    on the aircraft (see Section 
A-3.05 and Fig. 3.11 (a)). 

i:     the time interval between frames on a film (see Section A-4.03). 

IAS;    indicated air speed. 
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K = hi?; in parallax correction, the constant which converts range into distance d 
see Section A-3.05). 

K,, K-, K-, K'-    proportionality constants which convert screen measurements into 
 * 2-  range or sight rsmge (s^e Forms 11 and 15). 

J_:    in parallax correction, the radius of the circular PLAXIE screen (see Section A-3.05 
and Fig. 3.11 (b)). 

N. U. P14E: Research Project No. 14, Northwestern university, Evanston, Illinois. The 
E denotes work done at Evanston rather than elsewhere, P14 was active until 
31 October 1944, after which it was designated P22. 

P: pitch. 

P0:    flight angle. 

PB4Y-2!    a Navy patrol bomber, the Privateer, manufactured by Consolidated Vultee Aircraft 
Company. 

P ;    relative air density. 

r: range. 

r0: the range setting on a Uk 18 sight during the ranging shot (see Section A-5.15). 

R: roll. 

s  :    the wingspan measured on the screen from the projected image of the ranging shot 
—     (see Section A-5.15)« 

SRG-C;    Statistical Research Group at Columbia University. 

SU;    sync 

t: the t.     ^sponding to a given frame (see Section A-4.03). 

T: time-of-. - .&ut,, 

TF:    time-of-flight (final)  (see Section A-5.07 and Form 13). 

Tj:    time-of-flight (initial) (see Section A-5.05 and Form 12). 

TAS:    true air speed. 

0:    angle-off. 

U. S. N. A. T. C.!    United States Naval Air Test Center. 

w :    the wingspan setting on a Uk 18 sight during the ranging shot (see Section A-5.15). 

X, Y, Z;    turret axes at the Martin forward crown-turret, or bomber axes. 
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lg,, Y_, Z„:    gun axes at the Erco port waist-turret. 

XQ, YG, ZG:    gyro axes. 

XrJ Yr, Zr:    gyro-coordinate axes. 

X^, Yf ^t:    turret axes at the Erco port waist-turret. 

Y:    yaw. 

z:    zenith angle. 

>ec. 
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p        k   HIT   IS   SCORED   IHCN       F, AND      P^ COINCIDE 

fATII  OF   FISHTCf) 

Fiq.   I.I.   Bomber defense. 
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TURRET'S    AXIS   OF   ROTATIfiN   (AZIMUTH) «UN'S   AXIS   OF   ROTATION   (TRAVERSE) 

CENTER OF TURRET  IS AT B 

•UN'S  AXIS OF ROTATION (ELEVATION) 

TURRET'S   AXIS  OF   ROTATION   (INCLINATION) 

MARTIN  CROWN-TURRET ERCO   WAIST-TURRET 

Fig.   1.2.  Diagrams of  turret and gun motions. 
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Fig. 2.02.  Turret axes at Martin forward crown-turret and bomber axes 
at Erco port waist-turret. 

POSITIVE   no   »nOWM 

Y omcTio* 

OF   BOMBER'S   NOSE 

(X   ,    AZIMUTH   ANfltE 
POSITIVE   AS   SHOWN 

Fig. 2.03. Azimuth and elevation angles. 
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Fig,   2.04.    Off-set angle  of Erco port waist-turret. 

THE   XVZ-SY8TEM   MAY   BE   CON- 
SIDERED    AS   ALSO   CENTERED   AT 
THIS   TURRET,   BUT   IS   NOT 
SMOtH   IN   SKETCH. 

Fig. 2.05.  Turret axes at Martin forward crown- and 
Erco port waist-turret». 
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NOTE:       ORIGIN   OF      X^-Z,, 
*XE8   TO   BE     33   a 
CONSIDERED   AT   CENTER 
OF   TURRET. 

Fig. 2.06. Bomber , turret , and 
gun axes at Erco port 
waist-turret. 

INCLINATION 
»NSLE 

SHOWN NE8ATIVE 

SHO«N POSITIVS 

TIVINQ MARKS 

Fiq.  2.07.     Sample RAZEL film. CONFIDENTIAL 
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Fig.   2.10(a).     Gyro mockup   in   laboratory. 

Fig.   2,10(b).     Gyros  ready  for   installation   in airplane. 

CONFIDENTIAL 



CONFIDENTIAL 

(A 

<ü 

o 
I 

0) 

u. 
E « 

CO 

LL. 

CONFIDENTIAL 



CONFIDENTIAL 

(,   fITCM 

Fig. 2.12.  Roll, yaw and pitch angles. 

r-  * 

Y, "ott 

Fig. 2.13. Relation of gyro coordinate axes Xr Yr Zr 
to bomber axes X Y 2 for Gyro Set No. I. 
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Form G 

Date 26 March 1945 

Flight Plan Detaile 

Flight No.  6 

Time Take-off _ 

Bomber TAS _ 

  Fighter IAS 

Altitude 

140 

F. C. Noa. ? 
Ik.. 
12 

Ti ae 

T. 

T. 

Land _ 

No. _ 

No. _ 

A. U 

A. 5 

6000 

Attack Turret Gunner 

Number Type Upper fwd. Upper rear Port waist 

Practice Flat-side Campbell Stavie UcKenna 

1 it   n n » it 

2 n   ii n ii n 

Practice it   n II -Niehole- * n 

3 I'     M n it n 

U n   it it it n 

Practice ■   n Harp Stavis Gallagher 

5 it   it n it n 

6 it   it it M a 

Fig. 2.15 Flight Plan Details 
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Photographic Flight n»ta 
Bomber Pilot's Report 

Sec. 

F, C. No, 
H 

Pilot  Ui^ry^^Krc^ Date H PLu^J?1115 FUght No.  6. 

Plane A.T. #        / Y >Fighter Plane A.T, # £ 

JX. 

and 

Take off time /£/£     Landing time   1113 . 

Assigned Altitude ££££__. TAS  / id Evasive Action 

1, Before Take-off 
Gyro« running • Range calibration filmed 
Borepcint and Boresight checked by film 

2. Before attacks give sight settings to gunners 
Altitude LOOP . Wing span   ^3/ .   IAS U7 

3. Attack Record. Temp, /0OC 

Attack 
No. 

  
Type & 
Direction 

Attacking 
Plane 

Wing 
Lights on 

Act 
Alt. 

ual 
1   IAS Remarks 

f/H-C&t». rtS 

1 n ( ( y~ kOOO /Ä7 # k 

1 •i i( ii yooo ISLl OK 

Pn^UAJu. ii M 

3 •i 
(i ^ 1*000 /a? #fr 

H s i| 
ii WO /2f OK 

ß-.jLsJU'Jt •1 i« 

5" 1« M y^- SfOO ,'SH, 

(, 
il €• II 

Looo 127 oK 

■ 

U,  Before Landing* Gyro Running 
Fig. 2.16 Bomber Pilot's Report 

Recorder ^^rt^/P^^y^ 
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Photographic Flight Data 
Observer's Report 

Date   «U   ?rUs^£ fftS 

F. C. No. 
iX 
i^L- 

Air: Smooth^ rough, bump/. Flight No. 

Weather: clear, cloudy, h.vzy. Ceiling _ 

1. RYP gyros on IOIO off II I V 

2, Attack Record. 

total /^>. tys**^*... 

Attack No. Synch 
Unit 
Seconds 
Reading 
After 
Attack 

RYP 
Gyros 
Uncaged 
Before 
Attack 

Remarks 

/yu^-c^L-ut Ä^-e^c^w. ^JUt. -cla^jX^OLyCZp. ■ 

/3L 

HO 

t /TsO— 

<2? ^  ^^y-ry^Ji^^v^a. 

U- 3S 

/yvo-c^Cc-cji 

it / T^ij/Uksx. Jytav-^d^^x   F. C.jh PM. 

5"6 1^ 

Fig, 2.17   Observer's Report 

3, Change in Phase Reports (if any): 

Recorder S ^^c^La^^yj^-^^ 
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Pilot 

Plan« 

Th^jL^i 

Photographic Flight Data 
Fighter Pilot's Report 

.Flight No. 

F, C. No.  2- 

JJ- 

# S .Date   ^   TrUsi^X /<t</S 

FiLn No3.  (sight)     IPX 103 (Others)       

1. Boresight burst before take off (sight-camera)  

2. Sight gyros running on Take Off Landing 

3. Sight settings:  «Ving span 7V ^ 

k*  Attack Data. 

Alt.          IAS 

Attack 
No. 

Alt.  before 
Attack 

Actual 
IAS Remarks 

l/^~-<XZ-^jt. S ooo ÄL0 
i 

( V ooo iLi,0 ^A- 

Z 7 r^ ISO 0A 

ffllt^cti-iJt. Voao 2 SO 

3 $ coo zsc OK 

V iwe JLSS- 0(K 

r/uutAZm %5oo $75- 

5" 1500 2 50 j(^ ^£0x<r - ^t^ir ^<-^*-**- 

(> So oo ZLf OK 

Fig. 2.18 Fighter Pilot's Report 
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Flight No. £ 

Filfl» Dotailo 

F. C. No.      1  - H 
/s- 

Date  5t 7t^^A(fltS 

Cam. 
Roll 

No. 
F 
Stop 

Gam. 
Opr. 

Film 
Dens 

Frames 
Sec 

Cat. 
LiyhtB 

No. 
Good 
Attacks 

Remarks 

F. 
Tri. 

w. 
Tri. 

.....^ «^«w 

R. 
Tri. 

RAZ U1 // J.V 

Ft. 
Gun IS! % ^v 

Gyro IZo 8 SLH 

R. 
Gun 131 5.(, ^V 

Frt. 
St. If 8 lt> 

Ere, 
Gun loo lt> lb 

Ere. 
St. lot 3.5 li> 

Str. 
Hor. 

Frt. 
Hor 

Prt. 
Hor. 

Fig. 2.19   Film Details 
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viewer T£L£SCOPe 

Fig.   3.01.     The CRADLE. 

Fiq.   3.02.    CRADLE   in operating position. 
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TRANJ'T 

'HO*AfJ- Of 
TV/fA/rABLL 

CA**tAGC 

TiMNTABt£ 

Flp.  3.04.    The GLO0K, 
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_. -L. 
Fiq.   3.05.     GL00K   installation. 

r*AAM/r 

A*M LOe*-AH/T 

AHO   V€*NICR 

-ARM 

L£VS* 

PLAKtE  ELEVATION 
SCALE 

TURNTABLE 

TURNTABLE 
BASE 

Fig    i.06.     The PLAXIE, 

-»-BASE 
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Fig.  3.07.    PLAXIE   installation. 

roeus /recescofe 

Oe<J£CT/V£    LMAtJ 

£L£¥A7tO#  SC,\L€       \ 
AHO   V£*Nie* 

RtcerTActe 

»ornate 

AZ/MVTM VC/ktS 
AND   V£*Mte* 

Fig.  3.08.     The transit. 
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**■, Y 
MTCH,  P 

CONFIDENTIAL 
Fig.   3.10.     Rotations   in  the order    YRP    , carrying gyro-axes 

X8YaZQ    into turret axes    XtYtZt . 
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FIOHTER     ^       Fi9' 3«,|(a)'   Parallax correction from tri-camera to forward crown-turret. 

ANGLE   d.   Al   «Cf   0«   UPPER 
»IIMuTH   »DJUSTMENT   OF   TRANSIT 

Ficu  3.11(b).     Corresponding PLAXIE  positions. 
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CO 00 O O o 

cv NO o «nNO 
»A 00 CV »A CO 
co to o o O 

O CVNO O rH 
»tOO rH »t» 
CO 00 o o o 

t» en eo en to 
NO o enc» o 
vO p.. t- (»> 00 

»ArH N£) O  WN 
- o enc» Q 

c» c» K oo ^8 
en oo <nto cv 
NO o«nv£> o 
NO vO C» CN- to 

rH NO rH «A ON 
VO O enN£) O 
NONO r» t» c» 

»A ON en c» 
O CV NO O 
NO c» c» c» 

oo en 00 rH «A 
IA 0s CV NO O 
NO NO c»- c» c» 

c» cv NO Q en 
IA ON rv NB o 
NO NO c» r» t» 

t» CV NO O CV 
IA ON CV   IA O 
vO so c» c» c» 

r~- rH NO ON CV 
IA ON CV  »A ON 
NO NO c» t» t»- 

IA O »A O 
to o o o 

CV IACO O  CV 
»t t» Q »t 5» 
00 00 OO ON 

00 H »t »A t» 
en c» Q enNO 
00 CO oo o 

CV »tNO 00 o 
enNO ov cv «A 
00 CO CO o o 

O (V  PA »t »A 
CV NQ ON ev »A 
to 00 00 o o 

C» OH (V CV 
OJ »A O^ CV »A 
00 00 00 o o 

NO 00 o o o 
CV >A0O CV >A 
oo to 00 o o 

>A c» to o o 
CV IA00 H  ^t 
00 00 00 o o 

»tNO CO CO 00 
CV >AC0 H »t 
CO CO 00 o o 

IA O <A O »A 
O H H ev CV 

H H H H H 

Fig, 5.02. Sample Time-of-Flight Table. 
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Vs* 0° 10° 20° 30° 40° 50° 60° 1 
0 110° 120" 3 130' 5 140° 150° 160° 170° im0 

.oc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.01 9 9 9 9 9 9 e 9 9 9 9 9 9 9 9 9 

.02 19 19 19 19 19 19 ^9 19 19 19 19 lf 
i 19 19 19 

.03 28 28 28 26 28 28 28 28 28 28 28 2h Ö 28 28 28 

.04 38 38 38 38 38 38 38 38 18 38 38 38 38 36 38 38 

.05 47 47 47 47 47 47 47 47 7 47 47 47 47 47 47 47 

.06 56 56 56 56 56 56 56 56 6 56 56 56 56 56 56 56 

.07 66 66 66 66 66 66 66 66 6 66 66 66 66 66 66 66 

.08 75 75 75 75 75 75 75 75 5 75 75 75 75 75 75 75 

.09 85 85 85 85 85 85 85 85 '-> 85 85 85 85 85 85 85 

.10 94 94 94 94 94 94 94 94 + 94 94 94 94 94 94 94 

.11 103 103 103 103 103 103 103 103 03 103 103 103 103 103 103 103 

.12 112 112 12 

.13 121 V A L U E 3 0 F F U T U f t E    R A N G E        Tf I N Y A R D S 122 122 

.14 130 131 131 

.15 139 I . S    f ' U N C T I 0 N    0 F 140 
149 

14( 
14- 

t r I M E-0 F-F LIC r   H   T T AND    AN G L E-0 F F 0 

Ammunition: Caliber 0.50 API M8 (muzzle velocity 2870 ft per sec) 
Altitude: 6000 ft (relative air density 0.786) 

'm 07o         TA3 of Aircraft: 170 knots 
.94 742 
.95 749 
.96 755 755 756 758 760 763 766 r      9 783 786 789 791 793 795 796 796 
.97 762 762 763 765 767 769 772 ,6 790 793 796 798 800 802 803 803 
.98 768 768 769 771 773 776 779 93 796 800 803 805 808 309 810 811 
.99 775 775 776 778 780 782 785 JOG 803 807 810 812 815 816 817 818 

1.00 78I 781 782 784 786 789 79-' 307 810 814 817 819 822 823 824 825 
1.01 787 787 788 790 792 795 79 814 817 821 824 826 829 830 331 832 
1.02 793 794 795 797 799 802 80 82C. 824 828 831 833 836 837 83« 839 
1.03 800 800 801 803 805 808 811 32? 830 834 838 841 843 845 846 846 
1.04 806 807 808 810 812 815 818 ^33 837 841 845 848 850 852 853 853 
1.05 812 813 814 816 818 821 824 +0 844 848 852 855 857 859 860 860 
1.06 818 819 820 822 824 827 830 7 851 85/. 858 861 863 865 86? 867 
1.07 824 825 826 828 830 834 837 \ b56 862 866 869 871 873 874 874 
1.08 831 832 833 835 837 840 843 1 864 868 872 875 877 879 881 881 
1.09 837 838 839 841 843 847 850 I 871 875 879 882 884 886 888 888 
1.10 843 844 845 847 849 853 856 ( 878 882 886 889 891 893 895 895 
1.11 849 850 851 853 855 859 862 { 885 889 893 896 898 900 902 902 
1.12 855 856 857 859 861 865 869 { 891 895 899 903 905 907 909 909 
1.13 862 862 863 8S5 868 872 875 < 898 902 906 909 912 914 915 915 
1.14 868 868 869 871 874 878 882 / 1 904 908 912 916 919 921 922 922 
1.15 874 874 875 877 880 8o4 888 J 911 915 919 923 926 928 929 929 
1.16 880 880 881 883 886 890 394 3 918 922 926 930 933 935 936 936 
1.17 886 886 887 389 892 896 900 .9 924 928 933 936 939 942 943 943 
1.18 891 892 893 895 898 902 906 26 931 935 939 943 946 948 949 950 
1.19 897 898 899 901 904 908 91' 932 937 941 946 949 952 955 956 957 
1.20 903 904 905 907 910 914 91 939 944 948 953 956 959 962 963 96/, 

Fig. 5.03. Sample Time-of-Flight Table (extended). 
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Ui 
a 
z 
o 
h 
< 
U 
_l 

LU 

1360     358     356     354     352     3. 
0123456789 If 

5 
6 
7 
8 
9 

10 
11 
12 
13 
1A 

15 
16 

'I 

30 
31 
32 
33 
34 

35 
36 
37 
36 
39 

40 
41 
42 
43 
44 

45 

47 
48 
49 

/AZIMUTH (PEG) 
284  282  280 
76 77 78 79 80 

1 
1 
2 
3 
4 

5 
6 
7 
8 
9 

2 
2 
3 
4 
4 

5 
6 
7 
8 
9 

3 
3 
4 
4 
5 

6 
7 
8 
9 
9 

4 
4 
4 
5 
6 

6 
7 
8 
9 

5 
5 
5 
6 
6 

6 7 8 9 3 
6 7 8 9" 

7 8 9 
8 9 9 
8 9 10 - 

76 77 78 79 
76 77 78 79 

80 
80 

8 
8 
9 
10 

9 10 
lo 11 

10 11 11 
11 11 12 

9 
9 

10 10 11 11 12 13 

'1 
1. 

13 

10 10 10 10 11 11 12 12 13 13 14 
11 11 11 11 12 12 13 13 14 14 15 
12 12 
13 13 
14 14 ANGLE-OFF,    9 

i 76 77 78 79 80 
5 76 77 78 79 80 
'5 76 77 78 79 80 

''5  76 77 78 79 80 
5 76 77 78 79 80 
' 76 77 78 79 80 
76 77 78 79 80 
76 77 78 79 80 

• 77 78 79 80 
3   77 78 79 80 

IN TERMS 0 

278  276  274  272 27L 
81 82 83 84 85 86 87 88 89 90 

81 82 83 84 85 86 87 88 89 90 
81 82 83 8/, 85 86 87 88 89 90 
81 82 83 84 85 86 87 88 89 90 
81 82 83 84 85 86 87 88 89 90 
81 82 83 84 85 86 87 88 89 90 

81 82 83 84 85 86 87 88 89 90 
81 82 83 84 85 86 87 88 89 90 
81 82 8? 84 85 86 87 88 89 90 
81 82 83 84 85 86 87 88 89 90 
81 82 83 84 85 86 87 88 89 90 

81 82 83 84 85 86 37 88 89 90 
81 82 83 84 85 86 87 88 89 90 

88 89 90 
88 89 90 

F AZIMUTH«*.  88 89 90 

15 15 
16 16 
17 17 

-» 18 

AND    ELEVATION    t 

COS 9 r COS oC COS £ For 
and 

0° i «^i 90° 

88 89 90 
88 89 90 
88 89 90 

^9 90 

0° £ 
30 30 
3131 
32 32 32 32 32 32 32 33 33 33 33 
33 33 33 33 33 33 33 34 34 34 34 
34 34 34 34 34 34 34 35 35 35 35 

35 35 35 35 35 35 35 36 36 36 
36 36 36 36 36 36 36 37 37 37 
37 37 37 37 37 37 37 38 38 38 
38 38 38 38 38 38 38 39 39 39 
39 39 39 39 39 39 39 40 40 40 

40 40 AO 40 40 40 40 41 41 41 41 
41 41 41 41 41 41 41 41 42 42 42 
42 42 42 42 42 42 42 42 43 43 43 
43 43 43 43 43 43 43 43 44 44 44 
44 44 V* 44 44 44 44 44 45 45 45 

45 45 45 45 45 45 45 45 46 46 46 
46 46 46 46 46 46 46 46 47 47 47 
47 47 47 47 47 47 47 47 48 48 48 
48 48 48 48 48 48 48 48 49 49 49 
49 49 49 49 49 49 49 49 49 50 50 

270° i«c ^ 360° 
€ £ 49° 

88 8V 
34 , 
35 ' 
36. 

36; 
37 2 
38 ? 
39 I 
40 

4' 
l 
L 
k 
4 

4 
4 
4fc 
49 
50 

30 81 82 82 83 84 85 86 87 87 88 89 90 
^0 81 82 82 83 84 85 86 8? 87 88 89 90 
0 81 82 83 83 84 85 86 87 88 88 89 90 

■) 81 82 83 83 84 85 86 87 88 88 89 90 
i 81 82 83 84 84 85 86 87 88 88 89 90 
J 81 82 83 84 84 85 86 87 88 88 89 90 
1 81 82 83 84 84 85 86 87 88 88 89 90 
;l 81 82 83 84 85 85 86 87 88 88 89 90 

81 82 82 83 34 85 85 86 87 88 88 89 90 
; 81 82 82 83 84 85 85 86 87 88 88 89 90 
J 81 82 83 83 84 85 85 86 87 88 89 89 90 
1 81 82 83 83 84 85 86 86 87 88 89 89 90 
'. 81 82 83 84 84 85 86 86 87 88 89 89 90 

82 82 83 84 84 85 86 86 87 88 89 89 90 
. 82 82 83 84 84 85 86 87 87 88 89 89 90 
82 83 83 84 85 85 86 87 87 88 89 89 90 
82 83 83 84 85 85 86 87 87 88 89 89 90 
82 83 83 84 85 85 86 87 87 88 89 89 90 

Pi4-E   6-15-45       H, F. H. 

Fig. 5.04. 
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Martin  Forward Crown-Turret Erco Port  Aaist-furret 
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Fi^.   5.11.   Simplified Flow Chart  for  F.C,   Nos.  y  and   14. 

(The numbers  refer  to Form Sheets) CHMFinPNTIAI 



RAZEL FILM 

A. 
A^ 

Read scale at selected 
frame intervals, and record 
Range Input in Col 10-B 
(convert feet to yards and 
enter values in Col 10-E). 

B. Compare with range- 
appraisal obtained hy 
scaling sight-reticle 
and using calculated 
range data (see FLOW 
CHART II). 

2. 

3. 

Read scales at selected 
frame intervals, and record 
gun A*, and El. w.r.t.» turret 
axes in Cols 10-C and 10-D.»« 

Correct Cols 10-C and 10-D, 
recording in Cola 10-F and 10-G. 

1. 

Plot these gun 
Az.  and El. 
readings against 
frame numbers 
and corres- 
ponding time 
scale.    Record 
in Cols 14-B and 
U-C.   I 

k 
\ 

,5. 

6. 

* w.r.t. s Vrith respect to 

** These Instructions assume that all films correspond 
frame by frame.  If they do not, interpolation of 
the graphs will be required to "synchronise" data. 

***  I ■ Initial; F . Final 

»»•• Supervisor will supply values of Kj or K2 depending on 
use of wing-lights or wing-marks. 

1 

Using projector 
points on scree 

Using CRADLE No 
w.r.t.* turret 
11-G. 

Plot and smooth 
readings agains 
ponding time sc 
at Impact-time^ 
in Cols 12-iG an 

10. 

11. 

Read graph (ite 
in Cols 13-B an 
and El. at impa 

Obtain from pro 
(i.e., ballisti 
per unit time-o 
Cols 13-D and 1 

Multiply by TF 
effects ( ä »c 
Cols 13-G and 1 

Compute true be 
(subtract ball! 
operation 5 abc 

Compute gun-lea 
Subtract true 
gun bore-point 
Record in Cole 

Convert gun-le 
H-G). Comput 
radians (Cols 

Calculate Sing 
and bullet die 



GUN-CAVERA    ^ILM 
y 

Lng projector and screen,  plot target- 
Lnts on screen.   | 

T 
,ng CRADLE No. 2,  obtain target Az. and El. 
•.t.* tuxret axes.     Record in Cols 11-F and 

\ 
>t and smooth these target Az. and El. 
idlngs against frame numbers and corres- 
tding time scale.    Record smoothed data 
impact-timej»»«  (Intervals of 0.1 sec) 
Cols 12-iG and 12-H. 

\ 
U.  Compute 0, the 

"angle off", from 
table provided. 
Record in Col. 
12-C. 

d graph (item 3 above) and record 
Cols 13-B and 13-C the target Az. 

. El. at impact-timep.»»* 

\ 
«in from proper DOFOGRAPH *•— and 
e., ballistic effects on ■(. and 
unit time-of-flight). Record in 

s 13-D and 13-E. 

\ 

A. 

B. 

C 

E. 

F. 

Using projector and screen, scale wing-lights 
and/or wing-marks, and record in Cols 11-B and 
11-D.       | 

Calculate range data from the formula:*»»« 

r s Ki or l<2 

* s    m 

Record in Cols 11-C and 11-E. 

\ 
Plot and smooth range data against frame 
numbers and corresponding time scale. 
Record smoothed range data in Col 12-D. 

I 
Obtain bullet flight-times, Tj»»», to the 
nearest 0,005 second from proper AMG-N Table II, 
Record in Col 12-E, 

Calculate firing-timej (subtract time-of- 
flight, Tj, from impact-timej), Record 
in Col 12-F, I 

Plot time-of-fllghti against firing-timei. 

Choose firing timep»»» at RAZEL frame numbers»». 
Record in Col H-A. Read the corresponding 
time-of-flightF***t and record in Col 13-F. 

i 
Calculate impact-timep (corresponding to firing- 
timep) by adding time-of-flight, Tp, to firing- 
timep. Record in Col 13-A. 

tiply by TF to obtain the ballistic 
ects ( & «c and ts t.   ). Record in 
s 13-G and 13-H. 

pute true bore-point Az. and El. at firing-timep 
btract ballistic effects from values obtained in 
ration 5 above). Record in Cols 13-J and 13-K. 

I 
pute gun-lead errors in Az. and El, at firing-timep, 
btract true bore-point Az. and El. from the actual 
n bore-point (i.e., corrected RAZEL data)., 
cord in Cols U-D and L4-E, 

\ 
avert gun-lead errors to milliradians (Cols H-F and 
-G), Compute traverse and radial errors in mllli- 
dians (Cols U-H and 1W). 

I 
Iculute Single Shot Probability for known target size 
d bullet dispersion (see AMG-C Report 302). 

FLO» CHART I 

HIT PROBABILITI 

FROM HARTIN FORITARD CROWN-TÜRRET 

Using RAZEL in place of Tri-Camera Film, but 

Neglecting;  (1) Range Correction for Fighter 
Aspect and Amount Fighter is 
off Gun-Camera's Optical Axis; 

(2) Roll, Yaw, and Pitch, 

COflFIOENri'» 
8 May 19^5 



GDN-CAMERA FILM 

1. Referring to Flow Chart I, Gun-Camera 
Operation 3, read graph of smoothed 
target data. In Columns 16-C and 16-D 
record target At. and El. at the time 
intervals corresponding to sight-film 
frame numbers. 

1. 

4. 

y  
Using 16 mm projector and screen 
(Bay 1), mark target and sight- 
points on the screen. 

Using CRADLK No. 1 in target-to-sight- 
point solution, determine Az. and El. 
of sight-point w.r.t.* turret axes. 
Record in Columns 16-F and 16-G. 

SIGHT FIIÜ 

i 
Compute TRACKING ERRORS in A«, and El, 
by subtracting target data from sight 
data. Record in Columns 16-H and 16-J. 

5. 

Use "Radial Error" chart to compute 
RADIAL TRACKING ERROR in milliradians. 
Record in Column 16-11.    (The Az. and 
El. components of tracking errors — 
Columns 16-H and 16-J — may be con- 
▼erted to milliradians by using con- 
version table,  the mllliradian values 
being antered in Columns 16-K and 16-L.) 

\ 
Compute traverse error in milliradians. 
Record In Col 16-N. 

A.    Ui 
m 
si 
K 
ai 

B.    Ai 
r« 

C.    C< 
r« 

r 

R« 

D. Cc 
b3 
If 
re 
(1 
lü 

E. Cc 
ir 

FLCf    CHART   II 

* w.r.t. ■ with respect to 
»»Obtain "sight-range'' constant from supervisor. 

RANGING   AND   TRACKING    SffiCHU 
FORWARD   CRCirN-TURRI 

(Supplements FLOW CHARTS : 

^ J 



SIGHT FIUI 

L.) 

8. 

A. 

B. 

C. 

D. 

E. 

■. pre Using 16 ■■. projector and screen, 
■ark risible reticle-points, and measure 
as »any of the three diameters as deter- 
■Inable. Record in Coluans 15-C, 15-D 
and 15-E. I 
Average the reticle diaaeters and 
record in Coluan 15-F. 

1 
Coapute "sight-range" fron the average 
reticle dlnater, using the formula: 

constant**  r ■ 
average reticle diameter 

Record sight-range in Column 15-6. 

1 
Coapute RABGING ERROR Tfroa Reticle) 
by subtracting "smoothed range" (Column 
15-J) froa "sight-range" (Coluan 15-G)j 
record difference in Coluan 15-K. 
(This is the gunner's error in manipu- 
lating the reticle range-control.) 

Coapute percent range error, 
in Col. 15-11. 

Record 

A. Referring to 
Operation C, 
range data, 
range values 

ci 

D: 

GÜR-CAMSRA FIIÜ 

Flow Chart I, Gun-Camera 
read graph of smoothed 
In Column 15-J, record 
at time intervals corres- 

ponding to sight-fila fraae numbers. 

B.' On the graph of saoothed range, also* 
plot RAZEL range-input. (Coluan 10-E) 

In Coluan 15-H record range input 
values at tlae intervals corresponding 
to sight-fila fraae numbers. 

Compute RANGING ERROR (froa RAZEL) 
by subtracting "smoothed range" (Column 
15-J) from "RAZEL range-input" (Coluan 
15-H); record difference in Coluan 15-L, 
(If sight mechanism was functioning 
properly and if plotting- and calculating« 
errors are negligible, the RANGING 
ERRORS obtained by these two aetheds, 
D and D', should be the saae.) 

OH    CHART IX 

ACKING ERRORS IV HARTIN 
D CROirN-TURRET 

FLOW CHARTS I & III) 
CONFIDENTIAL 

16 Utj 1945 



A. Read scale at selected 
frame intervals, and 
record Range Input In 
Col 10-B. {Convert 
feet to yards and enter 
values in Col 10-E), 

RAZEL FILM GUB 

\ 

Compare with range- 
appraisal obtained by 
scaling sight-reticle 
and using calculated 
range data (see FLOi 
CHART II) . 

1. 

2. 

3. 

Read scales at selected 
frame Intervals, and 
record gun Az. and El. 
w.r.t.* turret axes in 
Cols 10-C and 10-D.»» 

I 
Correct Cols 10-C and 
10-D, recording in Cols 
10-P and 10-G. 

$  
Plot these gun 
As. and El. 
readings against 
frame numbers 
and corresponding 
time scale.    Re- 
cord in Cols U-B 
and U-C. 

k 
\ 

* w.r.t, x with respect to 

** These instructions assume that all films correspond 
frame by frame. If they do not, interpolation of 
the graphs will be required to "synchronize" data. 

»»» I s Initial; F « Final 

****  Supervisor will supply values of Kj or K2 
depending on use of wing-lights or wing-mark». 

/  
1. Using projector and screen, 

plot target-points on screen. 

I 
Using CRADLE No. 2,  obtain 
target Az. and El. w.r.t.* 
turret axes. Record in 
Cols 11-F and 11-G. 

Plot and smooth these target 
Az. and El. readings against 
frame numbers and correspond- 
ing time scale. Record 
smoothed data at impact- 
timej*«» in Cols 12-0 and 
12-H, at intervals of 0,1 
sec. 

Compute 0, the 
"angle-off", 
from table 
provided. 
Record in 
Col 12-C. 

5. Read graph (item 3 above) 
and record in Cols 23-B 
and 23-C the target Az. and 
El, at impact-timep.*** 

6, Use CLOCK to compute target Az. 
firing-timep. Record in Cols 1 

7, Obtain from proper DOFOGRAPH •% 
£ per unit tlme-of-flight). 

8, Multiply by Tp to obtain the ba 
Cols 13-G and 13-H, 

9, Compute true bore-point Az. and 
-*~ from values obtained in operatl 

10. Compute gun lead errors in Az. 
Az. and El. from the actual gun 
in Cole U-D and U-E, 

11. Convert gun lead errors to mill 
and radial errors in milliradia 

12. Calculate Single Shot Probabili 
(see AMG-C Report 302). 



GUN-CAMERA    FILM 

ereen, 
screen. 

btain 
r.t.» 
in 

A. Using projector and screen, scale wing-lights 
and/or wing-aarks, and record In Cols 11-B and 11-D. 

B. Calculate range data fro» the formula:**•• 
Record in Cols 11-C and 11-E. 

■A i   t\ -> 
r Hi or ^2 12 

a 

»ove) 
l-B 
[z.  and 
t«« 

Plot and smooth range data against frame num- 
bers and corresponding time scale. Record 
smoothed range data in Col 12-0. 

I 
Obtain bullet flight-time, Tj»»», to the 
nearest 0.005 see from proper AUG-H Table II. 
Record in Col 12-E, 

E. Calculate firing-timeI (subtract time-of-flight, 
Tj,  from impact-tinej).    Record in Col 12-F. 

F. Plot tlme-of-flightj against firing-time^. 
I 

G. Choose firing-tlmep»»» at RAZEL frame numbers.»» 
Record in Col H-A and 23-G. Read the corres- 
ponding time-of-flightpf»» and record in Col 13^ 

Calculate impact-timep (corresponding to firing- 
tiraep) by adding time-of-flight, Tp, to firing- 
timep. Record in Col 13-A and 23-A. 

H. 

mte target Ax. and El. at impact-timep w.r.t.» turret axes a 
icord in Cols 13-B and 13-C. 

A«. I 
ir D0F0GRAPH -%- and ^f- (i.e., ballistic effects on ök and 
ie-of-flight). Record in Cols 13-D and 13-E. 

) obtain the ballistic effects ( a*, aad &>*■),    Record in 
•H. 

GIRO FILM 

 ^  1. Read dials at selected 
frame intervals and record 
yaw, pitch, and roll angles 
in Cols 21-C, 21-D and 21-E. 

2. Correct yaw, pitch, and roll 
for initi 1 gyro reading 
(see supervisor). Record 
in Cols 21-F, 21-G and 21-H. 
Add "flight angle", P0, to 
pltoju Record la Col 21-J. 

I 
3. If necessary (see super- 

visor) correct roll and yaw 
readings for use in GL0OK 
(using AMG-N Table I). 

{ 
4. Plot pitch, roll and jraw 

against frame numbers and 
corresponding time scale. 

i 
Read graph (item A above) and 
record on Form 23 the pitch, 
roll and yaw of the turret 
axes at impact-timep and 
at firlng-timep. 

i 
»-point Az. and El, at firing-tlmep (subtract ballistic effects 
Lned in operation 6 above). Record in Cols 13-J and 13-K. 

I 
errors in As. and El. at firing-timep. [Subtract true bore-point 
the actual gun bore-point (i.e., corrected RAZEL data)j. Record 
H-E. I 
errors to milliradians (Cols L^-F and H-G\. Compute traverse 

i in milliradians. Record in Col 1A-E and H-J. 
I 

Shot Probpbility for known target size and bullet dispersion 
t 302). 

FLO CHART III 

HIT PROBABILITY FROM 

MARTIN FORWARD CROfN-TURRET 

Using the GL0OK for Roll. Taw and 
Pitch Corrections, but 

Hegleotingt (1) Range-Correction 
of the Fighter 
Aspect; 

(2) Amount Fighter is 
off Gun-Camera's 
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Smoothed target 
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Attitude at impact time Attitud e at firing time 
at impact tune 
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(flmL) ELevation Azimuth (final) 
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RAZEL    FILM 
(Forward orown-turret) 

1« Read s''     -s at selected frame 
inter and record gun Az. 
and El. «.r.t.* turret axas in Cols 
lO-C and 10-D*», 

2, Correct Cols 10-C and 10-D»  recording 
in Cols 10-F and 10-G.   

3. Plot these 
gun Az.  and 
El,  readings 
against frame 
numbers and 
corresponding 
time scale. 

/  
1. Using 35 mm projector and screen in Booth No. 2 

plot target-points on screen. 

2. Using CRADLE, obtain target Az. and El. readings 
->- w.r.t.* bomber axes centered at forward crown- 

turret»». Record in Cols 11-F and 11-G. 

GUK-CAMERA F 
(Forward crown-t 

3. Plot and smooth these ttrget Az. and El. readings 
against frame numbers and corresponding time scale. 

I 
4. Read these smoothed target data (Az. and El. w.r.t.» 

bomber axes at forward crown-turret), at intervals of 
0ol sec. Record in Cols 18-C and 18-D. 

5. Using PLAXIE, adjusted for propei 
target Az. and El. w.r.t.» bombe] 
waiet-tuiret« Record in Cols 18- 

I 
6. Plot and smooth these 

parallax-corrected 
target Az. and El. data.' 

* w.r.t, = with respect to 

»» These instructions assume that all films correspond frame 
by frame.    If they do not, interpolation of the graphs 
will be required to "synchronize" data. 

•»» I s Initial; F « Final 

»«»« Supervisor will supply values of K^ and K2 depending on 
use of wing-lights or wing-narks. 

X 

7. Obtain from pr 
per unit time- 

8, Multiply by T5 
Record in Cols 

S. Compute true b 
ballistic effe 
Record In Cole 

10, 

11. 

12. 



1 

GUN-CAMERA    FILM 
(Forward crown-turret) 

•een in Booth No. 2 

iZ.  and El. readings 
at forward crown- 

•F and li-G. 

As. and El. readings 
rresponding time scale. 

Ita (A», and El, w.r.t.* 
-turret), at Intervals of 
; and 18-D. 

\ 
A. Using 35 mm projector and screen in Booth No, 2, 

scale wing-lights and/or -marks,  and record in 
Cols 11-B and 11-D.      I 

B. Calculate range data from the formula: r - Li or Hi »»** 
Record In Cols 11-C and 11-E. s       m 

I 
C. Plot and smooth range data against frame numbers and 

corresponding time scale. 

i 
D. Read these smoothed range data (w.r.t.* bomber axes at - 

forward crown-turret)  at times of step 4..    Record In 
Col 18-E. I 

E. Calculate Bd",  the distance PIAXIE slider is to move; 
record in Col 18-P. 

t { PLAXIE, adjusted for proper ot,  and  t, , find 
it As. and El. w.r.t.* bomber axes centered at port 
^-turret. Record in Cols 18-G and 18-H. 

Compute 0, the 

! 

and smooth these 
llax-corrected 
»t As. and El. data.' 

(a) From graph read these 
target data at times 
corresponding to port 
waist gun-camera frame 
numbers. Record in Cols 
19-G and 19-H.     

-+-I "angle off, from 
itable provided. 
I Record in Col 12-C. 

(b) From graph read these 
target data at impact-timep. 

 Record in Cols 13-B and 13-C. "•*  
^  I 

7. Obtain from proper INFOGRAPH -^ and —■  (ballistic effects on «-    and t 
per unit time-of-flight). Record in Cols 13-D and 13-E. 

\ 
8. Multiply by Tp to obtain the ballistic effects ( A< and a.t   ). 

Record in Cols 13-G and 13-H.     | 

9. Compute true bore-point As. and El. at firing-timej- (subtract 
ballistic effect from values obtained from graph 6(b). 
Recorti in Cols 13-J and 13-K. I 

A. Correct thes« 
for the waist 
Record in Col 
of 0.1 sec). 

B. Obtain bullet 
0,005 sec fro 
Col 12-E. 

C. Calculate fir 
from impact-t 

D. Plot Tj again 

E. Choose firing 
waist-turret 
H-*. Read t 
record in Co] 

-F. Calculate imp 
by adding Tp 

f 
10. Compute gun lead errors in As.aad El. at firing-times« (subtract time bore-point 

from actual bore-pointT. Record in Cols 14-D and H-E. 

"1 
11. Convert gun lead errors to milliradians; record In Cols H-F and l^-G. Compute 

traverse and radial errors in milliradians; record in Cols H-H and H-J. 

12. Calculate Single Shot Probability for known target size and bullet dispersion. 
(See AMG-C Report 302)  "" ^ 

—     - 



-)-A. Correct these forward range data (Col 18-E) 
for the wai3t-turret from table provided. 
Record in Col 12-D at impact-timej (intervals 
of 0.1 sec). 

-»- B. Obtain bullet flight-times, fj***  to the nearest 
0,005 sec fron proper AMG-N Table II. Record in 
Col 12-E. I 

C. Calculate firing-timej (subtract time-of-flight, Tj, 
from impact-timej), Record in Col 12-F, 

I 
D, Plot Tj against firing-timej. 

E, Choose firing-timep*»» at times corresponding to 
waist-turret gun-camera frame numbers; record in Col 
H-A.    Read the corresponding time-of-flight,  Tp; and 
record in Col 13-F. i 
Calculate impaot-timep (corresponding to firing-timep) 
by adding Tp to firing-timep. Record in Col 13-A. 

f 

GUN-CAMERA FILM 
(Erco port waist-turret)  —  

1, Using 16 nun projector and screen in 
Booth No. 1, plot target-points on 
screen. 

2. Using CRADLE tmnsit, read target Az. 
and El. w r.t.* port waist gun axes; 
record in Cols 19-C and 19-D. 

' 

N 

3. Using CLOCK (Booth No. 3) set for 
proper "offset angle", find port waist gun 
Az. and El. w.r.t.* bomber axes centered 
at the Erco waist-turret. Record in 
Cols 19-E and 19-F and Cols 1A-B and 
H-C. This is the actual gun bore-point. 

t true bore-point 

d H-G. Compute 
1 and U-J. 

let dispersion. 

FLC1    CIIiRT   17 

HIT    PROBABILITY    FROM    ERCO    PORT   WAIST-TURRET 

Using Forward crown-turret to obtain Target Azimuth, 
Elevation and Range; but 

Neglecting: Roll, Taw and Pitch Corrections 

31 May 19^5 

A COHFIDENTI^ 

J 



1 

2. 

3. 

SIGHT rilM 
(Port Walft) 

1. Using 16 mm projector and terMn la 
Booth lo. 1, Mark targaVand sight- 
point« on seraan. 

1. Using 16 n projaotor and screen in 
Booth Ho. 1, «ark visible reticle-points, 
and aeasure a* aany of the three diaaeters 
as detaminahla. Record In Cols. 15-C, 
15-D, and 15-S (on fom sheet labeled for 
Erco port waist-turret). 

Using CRADLE in target-point to sight- 
point solution, deteraine At. and El. of 
target- and eight-point w.r.t.* port 
waist gag axes. Record in Cola. 16-F and 
16-G (oa for» ahaat labeled for Erco port 
waist-turret). 

t 
Coaputa tracking errors in A*, and El. by 
subtracting target data froa sight data. 
Record in Cols. 16-fi and 16-J. 

Convert tracking error» in At. and El. to 
ailliradlans. Record in Cols. 16-r and 16-L, 
Coapata radial traoklng eyroy in ailliradlans. 
Record in Col. 16-M. 

B. Average the reticle 
in Col. 15-F. 

diaaeters,  and record 

C. Coaputa "sight-range" froa the average 
reticle diaaeter using the foraulat 

constant •* 
r ■  

average reticle diaaeter 

Record sight-range in Col. 15-G. 

I 
D. Coapnta ranging error by subtracting 

"saoothed range" (Col. 15-J) fro» 
"sight-range" (Col. 15-0)f record 
difference in Col. 15-K. 

\ 
E. Coapute % range error} record in 

Col. 15-L. 

* v.r.t. s with respect to 

»• Obtain "sight-range" constant 
froa supervisor. 



1 
rim 
i»t) 

GDI CAMERA PIIX 
(Fonrard Crown) 

A. 

B. 

Using 16 m projector and screen in 
Booth Ho. 1, nark visible reticle-points, 
and asssure a» many of the three dianeters 
as deteminable. Record in Cols. 15-C, 
15-D, and 15-1 (on fom sheet labeled for 
Erco port waist-turret), 

Arerage the reticle diaaeters, and record 
in Col. 15-F. 

C 

D. 

Coapute "sight-range" fro« the arerage 
reticle dlaaeter using the fonulat 

constant   ** 
r   ■ ■ i i     mmmmmmmm 

arerage reticle dlaaeter 

Record sight-range in Col. 15-G. 

Cospate ran£ing error by subtracting 
"saoothed range" (Col. 15-J) fro« 
"sight-range" (Col. 15-0)} record 
difference in Col. 15-K. 

K. 
I 

Coapute % range error; 
Col. 15-L. 

record in 

A. Referring to fLOf CHART I Forward Crown 
Qun-Caaera Operation C, read graph of 
saoothed range data. In Col. 15-H 
record range values at tiae-iaterwala 
corresponding to port waist sight-canera 
fraae nuabers.  I 

Correct these data for port waist-turret 
fro« table prorided. Record in Col. 15-J. 

FLOH CHART ? 

RAHGIHG AHD TRACKING ERRORS IH ERCO 
PORT IAIST-TÜHRET 

(Suppleaenting FLOf CHART IT) 

CONFIDENTIAL 
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RAZEL FILM 
(Forward crown-turret) 

G 
(For 

T ^ 
1. Read scales at selected frame 

Intervals, and record gun Az. 
and £1. w.r.t.* turret axes in 
Cols 10-C and 10-D.»» 

2. Correct Cols 10-C and lO-D, re- 
cording in Cols 10-F and 10-G.— 

I 3. Plot these gun Az. and El. read- 
ings against frame numbers and 
corresponding time scale. 

GYRO   FID« 

1. Using 35 mm projector and screen in Booth < 
plot target-points on screen. 

2. Using CRADLE, obtain target Az. and El. re« 
-►  w.r.t.» bomber axes centered at forward cr< 

turret**.    Record in Cols 11-F and 11-G. 

T 

3« Plot and smooth these target Az. and El. re 
against frame numbers and corresponding tin 

U» Read these smoothed target data (Az. and I 
bomber axes at forward crown-turret), at ir 
0.1 sec. Record in Cole 16-C and 18-D. 

1. Read dials at selected frame intervals and 
record yaw, pitch and ro31 angles in Cola 
21-C, 21-D and 21-E. 

\ 
2. Correct yaw, pitch and roll for initial gyro 

reading!(see supervisor). Record in Cols 21-Fr 
21-G and 21-H. Add "flight angle", P0, to pitch. 
Record in Col 21-J. 

\ 
3. If necessary (see supervisor) correct roll and yaw 

readings for use in GL00K (using AIIG-N Table I). 
\ 

I*,  Plot pitch, roll and yaw against frame numbers 
and correeponding time scale. 

I 
5. Using PLAIIE,  adjusted for pi 

bomber axes cent red at port 

6. Plot and smooth these paral] 
corrected target Az. and El. 

lit« 5* Read graph (Item 4 above) and record on Form 23 
the pitch, roll and yaw of the turret axes at impact- 
timep and at firing-time^. 

L 

7. Use GL00K to < 
turret axes ai 

8, Obtain from p3 
per unit time- 

9. Multiply by T| 
in Cols 13-G i 

10. Compute true 1 
effect from vi 

* w.r.t, - with respect to 

** These instructions assume that all films correspond 
frame by frame. If they do not, interpolation of 
the graphs will be required to "synchronize" data. 

••• I ■ Initial; F = Final 

»»»» Supervisor will supply values of Kj or Kj 
depending on use of wing-lights or wing-marke. 

I! 

L 

I 



GUN-CAMERA FILM 
(Forward crown-turret) 

s  
r and screen in Booth 2 
\ screen. 

target Az. and El. readings 
sentered at fonrard crown- 
Cola 11-F and 11-G. 

9 target As. and El. readings 
B and corresponding time scale. 

target data (Az. and El. w.r.t.* 
rd crown-turret), at intervals of 
Cols 1Ö-C and 18-D. 

A. Using 35 mm projector and screen In Booth No, 2, 
scale wing-lights and/or -marks, and record in 
Cols 11-B ami 11-D. 

B. Calculate rajige data from the formula; r s -i or J- **** 
Record In Cols 11-C and 11-E. 8   ■ 

\ 
C. Plot and smooth range data against frame numbers and 

corresponding tine scale. 

D. Read these smoothed range data (w.r.t.* bomber axes at — 
forward crown-turret) at times of Step L,   Record in 
Col 18-E.  | 

E. Calculate "d", the distance PLAXIE slider Is to more; 
record in Col 18-F. 

1 PLAXIE, adjusted for proper o^, and t, , find targevAz. and El, w.r.t.» 
axes centered et port waist-turret. Record in Cols 18-G and 18-H.   

^•■(a) From graph read these target data 
at times corresponding to port 
waist gun-camera frame numbers.   
Record in Cols 19-G and 19-fl, 

Compute 0, the 
->- 1 "angle-off", from 

table provided. 
Record in Col 12-C. and smooth these parallax- 

sted target Az, and El. data. 

(b) From graph read these target data 
at Impact-tlmep. Record in Cols 
23-B and 23-C, 

.7. Dee GL00K to compute target Az. and El. at impact-time^ w.^.t,* 
turret axes at firing-tlmep. Record in Cols 13-6 and i3-C, 

8, Obtain from proper D0F0GRAPH ^p and ^ (ballistic effects on *- and £ 
per unit time-of-flight). Record In Cols 13-D and 13-E, 

\ 
9, Multiply by T^ to obtain the ballistic effects ( A.*, and At ). Record 

In Cols 13-G and 13-H, I 

10, Compute true bore-point Az, and El, at flrlng-tlmep. (subtract ballistic 
effect from values obtained In Step No, 7,  Record in Cols 13-J and 13-K, 

I 
11 Compute gun lead errors In Az. and El, at firing-timesp (subtract true bore-point 

from actual bore-point). Record in Cols H-D and H-E, 
I 

12.Convert gun lead errors to milliradiansj record In Cols Li-F and H-G. Compute 
traverse and radial errors In mllllradlans; record In Cols 14-H and H-J. 

13, Calculate Single Shot Probability for known target size trnd bullet dispersion. 
(See AMG-C Report 302.T^™" ^ 

f 

1 - 

2 



»#»» 

> at 
LB 

f 

A. Correct these forward range data (Col 18-E) 
for the walst-tufret from table provided. 
Record in Col 12-D at impact-timej (intervals 

-^ of 0.1 sec).     j 

B. Obtain bullet flight-timee, Tj*** to the nearest 
0,005 sac from proper AMG-N Table II. Record in 
Col 12-E. J C. Calculate firing-timej (subtract time-of-flight, Tj, 
from impact-timej). Record in Col 12-F, 

I 
D, Plot Tj against firing-timej. 

1. 

2. 

GUN-CAMERA FILM 
(Ereo port waist-turret) 

using 16 mm projector and screen it 
Booth No. 1, plot target-points on 
screen. I 
Using CRADLE transit, read target 
Az. and El. w.r.t.* port waist gun 
axes: record in Cola 19-C and 19-D. 

3. Using GL00K (Booth No. 3) set for 
proper "offset-angle", find port 

—> waist gun Az. and El. w.r.t.* 
bomber axes centered at the Erco 
waist-turret. Record in Cols 19-E 
and 19-F and Cols H-B and H-C. 
This is the actual gun bore-point. 

E. Choose flring-timep*** at times corresponding to 
waist-turret gun-camera frame numbers; record in Co3s 14-A, 
23-G. Read the corresponding time-of-flight, Tpj and 
record in Col 13-F. 

\ 
-F. Calculate impact-timep (corresponding to firing-time-,) 

by adding Tp to firing-timeF. Record in Colßl3-Ai 
and 23-A. 

rue bore-point 

-G, Compute 
Lv-J. 

dispersion. 

TUJH    CHART VI 

HIT PROBABIUTI FROM ERCO PORT WAIST-TURRET 

Using Forward crown-turret to obtain Target Azimuth, 
Elevation and Range. 

3 CONFIDENTIAL 
31 May 19A5 
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Erco 
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(  Sec; 

Target iielative to Gun 
Axes (Via CRADLE in 
Booth No. ) 
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(Deg-;.'in) 
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Fig. I.I.  Geometry of bomber and fighter. 
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V 
P»TC^ 

Fiq. 1.2(a). The MONKEY(mockup) 

MOM 

Fig. 1.2(b). Relation of 

MONKEY and GLOOK(mockup). 
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.A 

.I 

Fig. 1.3.  General curve, METHOD A, 

G 

Fig.   1.4.     Spiral  dive,  METHOD A. 
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Fig.   1.5.    General   curve,  METHOD B. 

Z* 

+rA» 

OHOaT'S   r>ATH 

BOMBER'S   PATH 

Fig.   1.6.     Location of coordinate axes,  METHOD   A. 
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SLANT PLANE 

HORIZONTAL PLANF 

Fig. 1.7,  Location of coordinate axes, METHOD B. 

Fig. 1.8. Location of 6 and % ,  METHOD B. 
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HrPERBOLA TRACED BY 
ROTATION IN AZIMUTH 
(ELEVATION CONSTANT) 

TELESCOPE AT 

0°  ELEVATION 

FLAT SCREEN 

STRAIGHT LINE TRACED BY ROTATION IN ELEVATION 
(AZIMUTH CONSTANT) 

Fig. 1.9.  Schematic of GLOOK and FLAT SCREEN, 
(Roll, Pitch, and Yaw all ZERO). 
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z = tan R yy?+ b2 

y = b tan r 

Fig. I.10.  Curves of the gnomonic chart. 

Fig. I, II.  Coordinates of the evasive action problem. 
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RAZEL    FILM GUN-CAM.W 

A. Read scale at selected 
fraae Intervals,  and 
record Range Input in 
Col 10-B.     (Convert 
feet to yards and enter 
values in Col 10-E). 

1. Read scales at selected 
xrame intervals,  and 
record gun Az. and El, 
w.r.t.*  turret axes in 
Cols 10-C and 10-D.»» 

2. Correct Cols 10-C and 
10-D,  recording in Cols 
1Ü-F and 10-0.        

3. Hot these gun 
Az.  and  El. 
readings against 
frame numbers 
and corresponding 
time scale.    Re- 
cord in Cols H-B 
and 1A-C. 

B.[Compare with range- 
appraisal obtained by 
scaling sight-reticle 
and using calculated 
range data (see FLOW 
CHART 11)2. 

\ 

\ 

\ 

\ 

* w.r.t. s with respect to 
\ 
\ 

** These Instructions assume that all films correspond 
frame by frame.    If they do not,  interpolation of 
the graphs will be required to "synchronize" data. 

»»» I 2 Initial: F = Final 

*»*»  Supervisor will supply values of Kj or Kj 
depending on use of wing-lights or wing-marks. 

1.  Using projector and screen 
plot target-points on screen. 

I 
Using CRADLE No.   2,   obtain 
target Az.  and El. w.r.t.* 
turret axes.  Record in 
Cols 11-F and 11-G. 

Plot and smooth these target 
Az. and El. readings against 
frame numbers and correspond- 
ing time jcale. Record 
smoothed data at impact- 
timej*»» in Cols 12-G and 
12-H, at intervals of 0.1 
sec. 

A. Us 
an 

B. Ca 

r 

C. PI 
be 
sm 

^ 

D. 

/ 

'E, Ca 

Ob 
nei 

Re< 

ii. Compute 0, the 
"angle-off", 
from table 
provided. 
Record in 
Col 17-C. 

5. Read graph (Item 3 above) 
and record in Cols 23-B 
and 23-C the target Az. and 
El. at impact-timepj*» 

/  F. PL 

G. Ch* 
Re 
poi 

13- 

__H. Ca! 
tii 
tli 

\ 

15 and 16, Use GL00K and MONKFT to coi 
turret axes at firing-tlmaj 

17, Obtain from D0F0GRAPH and < 
effects on «* and £ per ui 

18, Multiply by Tp to obtail th« 
13-G and 13-H, 

\ 

T 

19, Compute true bore-point Az. 
^^ effects from values obtain« 

20, Compute gun lead errors in 
the actual gun bore-point { 

21, Convert gun lead errors to 
in milliradians. Record ii 

22, Calculate Single Shot Probi 



GÜN-CAMERA    FILM 

re and screen 
)ints on screen. 

lo.  2,   obtain 
l El. w.r.t.» 
Record in 
11-G. 

,h these target 
adings against 
and correspond- 
.    Record 
at impact- 
la 12-G and 
vals of 0.1 

Compute 0,   the 
Mangle-off"j 
from table 
provided, 
Record in 
1o\ 12-C. 

;ir 3 above) 
}ole 23-B 
irget Az.   and 
iimep?*» 

A. using projector and screen,   scale wing-lights 
and/or wing-marks,  and record in Cols 11-B and 11-D. 

T 
B. Calculate range data from the formula:*«»» 

Record in Cols 11-C and 11-E. 
r _ Kl   K2 
*  - — OT — 

s    ■ 

C. Plot and smooth range data against frame num- 
bers and corresponding time scale. Record 
smoothed range data in Col 12-D, 

} 
D. Obtain bullet flight-time,  Ti»«»,  to the 

nearest 0,005  sec from proper AIIG-N Table II, 
Record in Col 12-E. 

/ 

E, Calculate firlng-timej (subtract time-of-flight, 
Tj,  from impact-timey).    Record in Col  12-F, 

I 
F, Plot time-of-flightj against firlng-timej, 

f 
G, Choose firing-time-*»* at Gun-Camera frame numberp?» 

Record in Cols l^-A and 34Ä-B.    Read the eorrea- 
ponding time-of-flightp,*** and record im Cols 
13-F and 3^-J. | 

H,  Calculate impact-tlmep (corresponding to firing- 
timejO  by adding time-of-flight,  Tp,   to firing- 
timep.    Record in Cols 13-A and 3-^^, 

GL0OK and MONKET to compute target Az,  and El.  at impact-timep w.r.t.» 
•et axes at firing-timep.    Record in Cols 13-B and 13-C. T', 

&«L \ 

GYRO    FILM r~ 
1. Read dials at selected 

fraite intervals and record 
jaw,   pitch,  and roll anglei 
in Cols 21-C,   21-D and 21-1 

k 
2. Correct yaw, pitch, and ro. 

for initial gyro reading 
(see supervisor). Record 
in Cols 21-F, 21-G and 21-1 

I 
3. If necessary (see supervise 

correct pitch and yaw readi 
for use in GL00K (using AMC 
Table I).      | 

4.. Plot pitch, roll and jaw 
against frame numbers and 
oorrespondlng time scale. 

f 
5, Read graph (Item 4 above) a 

record on Form 23 the pitch 
roll and yaw of the turret 
axes at impact-timep and 
at firing-time^.    Also recoi 
roll and pitch at impact-tii 
in Cola 32A-E and 32A-F, 

6, Compute for impact-times 
^   r P - angle-of-attack fi 

Col 32A-F and record in Col 
34A-I,    Compute SinR,  CosR, 
CosP to 0.01 and record in C 
32A-G,   32A-H,  33A-B and 33A- 

in from D0F0GRAPH and correction tables  rjr and   ^   (i.e.,  ballistic 
cts on  <*.  and   i   per unit ti me-of-f light),    Record in Cols 13-D and 13-E, 

iply by Tp to obtaJa the ballistic effects ( ^«. and At ).    Record in Cols -^ 
and 13-H. 

■ 

ute true bore-point Az, and El, at firing-timep (subtract ballistic 
ots from values obtained in Operation 16 above).    Record in Cols 13-J and 13-K, 

\ ute gun lead errors in Az, and El,  at firing-timep,     (Subtract true bore-point Az. and El, from 
actual gun bore-point (I.e., corrected RAZEL data;J,    Record in Cols 1,4-D and Lt-E, 

\ 
art gun lead errors to mllliradians (Cols H-F and 1A-G).,    Compute traverse and radial errore 
llliradians.    Record in ColsH-H and U-J, 

T 
ilate Single Shot Probability for known target size and bullet dispersion (see AMG-C Report 302). 

FLOW CHART "Sit 
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rf 

lected 
md record 
'oil angles 
-D and 21-E, 

h, and roll 
reading 
Record 

G and 21-H. 

euparvisor) 
yaw readings 
(using AMG-N 

ind jaw 
jors and 
i scale. 

i above) and 
the pitch, 
e txurret 
ep and 
Also record 
impact-timep 
32A-F. 

-times 
-attack fron 
•d in Col  
»R, CosR,  SinP 
»cord in Cols 
1 and 33A-C. 

ACCELEROMETER    FILM 

1. Read dials at selected frame intervals and record velocity and X,  Y,   Z accelerations in 
Cols 31A-C,   31A-D,   31A-E and 31A-F. 

Y 
2, Correct velocity and acceleration readings (if necessary**»»).    Record  in Cols 31A-G, 

31A-H,   31A-I    and 31A-J. 

3. Plot velocity and acceleration readings against frame numbers and corresponding time 
scale. ] 

4. Read graph (Item 3 above) and record accelerations to 0.01 at Impact-timep in Cols 
^ 32A-E, 32A-C and 32A-D. Record velocity in Col 33A-K. 

5. Compute NxCosR, NzSinR, NxSlnR, and NzCosP to 0.01 and record in Cols 33A-D, 33A-E, 
-^ 33A-F and 33A-G. I 

6. Compute AJJ, Ap, Ay and record in Cols 33A-H, 33A-I, and 33A-J. 

7. Compute average values of AH, Ap, Ay, V, P over the time-of-flight and record in Cols 
3^A-C, 3^A-D, 34A-E, 34A-F and 3U-G. 

T 
8, Compute average values of 

8 AV " PAV ~ angle-of-attack 
and record in Col 34A-H, 

9. Compute    m s 
AH AT 

and n = 

V Cos2 «AV 

Ay AT 

from Cols 34A-C,  34A-E,  34A-F,  34A-H, 
and 3^A-J with aid of Chart IV and 
record to 0.001 in Cols 35A-E and 
35A-F.    Note m,  n have same signs 
as Ajj,  Ay respectively,   j 

10. Compute Q to 0,01 from Cols 3/iA-C,' 
34A-D,  34A-E,  3^-1, 35A-E and 35A-F 
with aid of Chart V and record in 
Col 35A-G. ■  

11. Compute W to 0,01 from Cols 34A-D, 
3AA-E and 34A-I with aid of Chart -f 
VII and record in Col 36A-B. 

13. Compute tan  t? from W/S and 
compute    ts to ^■0 and record 
in Cols 36A-D and 36A-C. 

A. Compute A s (An ♦ Ay)2 
to 0.01g fro« Cols 
3-ilA-C and 3AA-E with 
aid of Chart II and 
record In Col 35A-B. 
Note A has same sign 
as AJJ. 

B. Compute A^   s {A* ■*■ At)2 

to 0.01g from Cols 35A-B 
and 34A-D with aid of 
Chart II and record in Col 
35A-C. Nota A ^    is always 
positive. 

r 
C. Compute   ^   to 0.1 ft from 

Cols 35A-C and 34A-J with 
aid of Table III and record 
in Col 35A-D. 

»•12. Compute S = (A^ •»• Q )^ 
to 0.01 from 
Cols 3^A-C and 35A-G 
with aid of Chart II 
and record in Col 36A-C, 
Note S is always positive. 

14. Compute tan <3  from 
AJJ/Q and compute   •^3 
to 70 and record In 
Cols 35A-H,  35A-I 
and 36A-H.    j 

E. 

15 and 16. Operate GL00K and M0NKET. ̂  
,. L  
(See Under   GlIN-CAMERA    FILM.) 

D. Read plot of 
smoothed range 
data at values 
of impact- 
timep and re- 
cord in 
Col 36A-D, 

/ 
Compute L = 2. 
to 0.005"      D 

^fron Cols 35A-D, 
36A-E and record 
in Col 36A-F. 

CONFIDENTIAL 
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RAZEL    FILM GUN-CAM iJl 

A. Read scale at selected 
frame intervals,  and 
record Range Input in 
Col 10-B.     (Convert 
feet to yards and enter 
valuee in Col 10-E. 

{Compare with range- 
appraisal obtained by 
scaling sight-reticle 
and using calculated 
range data (sea FLOW 
CHART 11)3. 

1. Read scales at selected 
frame intervals,  and 
record gun Az.  and  El, 
w.r.t,»  turret axes In 
Cols .10-C and 10-D,»« 

I 
2. Correct Cols 10-C and 

10-D,  recording in Cols 
10-F and 10-G. 

f 
3.  Plot these gun 

Az. and El. 
readings against 
frame numbers 
and corresponding 
time scale.     Re- 
cord in Cols L;-B 
and U-C. 

I 
\ 

\ 

\ 

* w.r.t, r with respect to 

»* These instructions assume that all films correspond 
frame by frame.    If they do not,   interpolation of 
the graphs will be required to "synchronize" data. 

»••  I r Initial; F r Final 

****  Supervisor will supply values of Kj or K2 
depending on use of wing-lights or wing-marks. 

1. Using projector and screen 
plot target-points on ^reen. 

1 
Using CRADLE No.   2,  obtain 
target Az.  and El. w.r.t.* 
turret axes.    Record in 
Cols 11-F and 11-G. 

3. Plot and smooth    these target 
Az.  and El. readings against 
frame numbers and correspond- 
ing time scale.    Record 
smoothed data at impact- 
timei»»* in Cols 12-G and 
12-H,  at intervale of 0.1 
sec. 

4..  Compute 9,  the 
"angle-off", 
from table 
provided. 
Record in Col 12-C. 

5, Read graph  (Item 3 above) 
and record in Cols 23-B 
and 23-C the target Az.  and 
El.  at impact-timeF.*** 

12-16. Use GL00K and MONKEY to compute 
at firlng-timep.    Record in Coli 

17. Obtain from proper D0F0GRAPH an< 
on   «c and   g   per unit tlme-of-fi 

18. Multiply by TF to obtain the bai 

19. Compute true bore-point Az. and 
""^   obtained in Operation 16 above), 

20. Compute gun lead errors in Az. < 
El. from the actual gun bore-poi 

21. Convert gun lead errors to mi Hi 
errors in milliradians.    Record 

22. Calculate Single Shot Probabill 

T 



GÜN-CAMERA    FILM 

screen 
jn screen, 

obtain 
r.r.t.» 
1 in 

ise target 
i against 
»rrespond- 
sord 
«ct- 
G and 
.f 0.1 

e 0, the 
-off", 
able 
ed. 
in Col 12-C. 

A. Using projector and screen, scale wirg-lighta 
and/or wing-marks, and record in Cols 11-B and 11-D, 

B. Calculate range data fron the formula:***« 
Record in Cole 11-C and 11-E, 

r  Kl ™. K2 r s — or — 
s   ■ 

C. Plot and smooth range data against frame numbers 
and corresponding time scale. Record smoothed 
range data in Col 12-D.   | 

Obtain bullet flight-time, Tj***, to the nearest 
0.005 sec from proper AMG-N Table II. Record 
In Col 12-E. 

\\ 
E, Calculate firing-timej (subtract time-of-flight, 

Tj, from impact-tlmej), Record in Col 12-F. 

I 
F. Plot time-of-flightj against firing-timei. 

G; Choose firing-timep*** at Gun-Camera frame numbers;* 
Record in Cols 14,-A and 3^B-B.    Read the corres- 
ponding time-of-flightp,*** and record in Cole 13-^ 
and 3^B-J. 

Calculate impact-timej"  (corresponding to firlng- 
tlmeF)  by adding time-of-flight,  Tp,  to firlng- 
timep.    Record in Cols 13-A and 34B-A. 

MONKEY to compute target Az.  and El.  at impact-timep w.r.t.* turret axes 
F".    Record In Cols 13-B and 13-C. j 

oper D0F0GRAPH and correction tables   ^r" and -^*  (i.e., ballistic effects 
sr unit time-of-flight).    Record in Cols 13-D and 13-E, 

\ 
to obtain the ballistic effects (  A« and ac ),    Record In Cola 13-G and 13-H, 

4 
are-point Az. and El.  at firing-timep (subtract ballistic effects from values 
»ration 16 abore).    Record in Cols 13-J and 13-K. 

id errors In Az. and El. at firing-timep,    ^Subtract true bore-point Az. and 
itual gun bore-point (i.e.,  corrected RAZEL data)3.    Record in Cols 14-D and H-E, 

\ 
id errors to milliradlans (Cols 1A-F and L;-G).    Compute traverse and radial 
Lradians.    Record in Cols JU.-H and 24-J. 

le Shot Probability for known target size and bullet dispersion (see AMG-C Report 302), 

GYRO FILM 

T 
1. Read dials at selected 

frame intervals and record 
yaw, pitch, and roll angi« 
in Cols 21-C, 21-D and 21- 

i 
2. Correct yaw,   pitch,  and 

roll for initial gyro read 
ing (see supervisor).    Re- 
cord in Cols 21-F,   21-G, 
and 21-H,    I 

3. If necessary (see super- 
visor)  correct pitch and 
yaw readings for usa in 
GL00K (using AMG-N Table I 

I 
4.. Plot pitch,  roll and jaw 

against frame numbers and 
corresponding time scale. 

I 
5, Read graph (Item U  above) 

and record on Form 23 the 
pitch, roll and yaw of the 

^ turret axes at impaot- 
^  timep. Also record roll 

and pitch at impact-timep 
in Cols 32B-E, 32B-F and 
34E-G. 

6, Compute for impact-times' 
y ■ P - angle-cf-attaok 

from Col 32B-F and record 
in Col 34B-I. Compute 
SinR, CoaR, SinP, CosP to 
0.01 and record in Cola 
32B-G, 32B-H, 33B-B and 
33B-€. 

\ 
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sleeted 
and record 
roll angle« 

l-D and 21-E 

ich,  and 
L gyro read- 
Lsor),   Re- 
-F,   21-G, 

»e super- 
)ltch and 
■ us« in 
[-N Table I]t 

. and jaw 
inbers and 
me scale. 

; A aboTe) 
rm 23 the 
yaw of the 
rnpact- 
ord roll 
aco-tlmep 
2E-? and 

rt-tiues 
cf-attack 
nd record 
ompute 
,  CosF to 
In Cols 
3-B and 

X. 

2. 

3. 

-M. 

Pead dials at selected frame Intervals and record velocity and X, T, Z accelerations 
in Cols 31B-C, 31E-D, 31B-E and 31B-F. 

5. 

7. 

Corraot velocity and acceleration readings (if necessary»*»»).  Record in Cols 31B-G, 
31B-H, 313-1 and 31B-J. ! 

Plot velocity and acceleration readings against frame numbers and corresponding time 
scale. 

Read graph (Item 3 above) end record accelerations to 0.01 at impect-timep in Cole 
32B-Bf 32B-C and 32B-D. Record velocity in Col 33B-K. 

I 
Compute NxCosR, NzSinR, %SinRt and NzCosR to 0.01 and record in Cols 33B-D, 33B-E, 
33B-F and 33B-G. I 

Computa AHt AF, Ay and record in Cols 33B-H, 33B-I and 33B-J. 

Compute average values of AR, Ap, Ay, V over the timo-of-flight and record in Cols 
34B-C, 34B-D, 3^B-E and 3AB-F. 

 r  
8. Compute impact-timep values 

of ^ r P? ~ angle-of-attack and 
record in Col 3^B-H. 

9. Compute x 
A AT 

and p = ^lil fro. 

Cols 35B-B, 34B-J and 3^B-F with aid of 
Chart IV and record to 0.001 in Cols 
35B-E, 35B-F,  Note x, p have same signs 
as A, Aft  respectively. 

10. Compute    5 to ^ from x, 
p in Cols 35B-E and 35B-F, 
with aid of chart and 
record in Col 35B-G. 

11, Compute tan  ^ and ♦ 
to -^    from AV/AJJ 
in Cols 33B-H,  33B-J, 
and record in Cols 
35B-H and 35B-I. 

} 
U-16,  Operate CLOCK and MONKEY. 3 

A. Compute A r (Au ♦ Ay)7 

to 0.01 g from 
Cols 34B-C and 3^B-E 
with aid of Chart II 
and record in Col 
35B-B.    Note A has 
sane  sign as Aft. 

B. Compute    V = (A2 ♦ A£)^ 
to 0,01 g from Cols 
35B-B and 3^B-D with aid 
of Chart II and record in 
Col35B-C.    "ote Aj-   is 
always positive, 

C. Compute of   to 0,1 ft from 
Cols 35ij-C and 34B-J with 
aid of Table III and 
record in Col 35B-D, 

D. Read plot of 
smoothed range 
datt. at values 
of impact-timep 
and record in 
Col 35B-J. 

E. Computa L r ~ to 
CCK^" from 3D 
Cols 35B-D and 35B-J 
and record In Col 
35B-K. 
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Ace 
Film 
Frame 
No. 

Time 
(Sec) 

Observed Readings Corrected Readings 

IAS 
Bomber 
Speed 

(Mph) 

Accelerations (g) TAS 
Bomber 
Speed 
(Mph) 

Accelerations (») 

Ny "z «x Ny 
Hz 

A B C D E F G H I J 

Flighi t No. By 

Attac k No. KVASTVR ACTTON DATA                          Started                    ,   , 

F. C. No. ( ,<jmpleted 

Form 31 1 M Sheet                    of 
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N.  U. P22E 1 Dec  «45 

Impact 
Timft 

(Sec) 

|               Smoothed Headings 

SinR CosR 

Accelerations, g's Roll 
Angle 
R 

(Deg-Min) 

Pitch 
Angle 

P 
(Deg-Min) Nx N \ 

A B c D E F G H 

Flight 
Attack 
F. C. 1 

No. 
No. 

By 

EVASIVE ACTION DATA         ?'ÄrI'e? Ä  
Completed 

1 
Form 32 \ Sh< jet       c f 1 
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N. U. P22E 15 Dec  «^ 

Impact 
Time 

(Sec) SinP Cos? NxCosR NzSinR NxSinR NzCo3R 

Stabilized Accelerations 
TAS 

Bomber 
Speed 
(Mph) 

V 

0 1- E 

AH 

320-B 

AF 

F*G-C 

Ay 

A B C D E F G H I J K 

/ 

1         1 
Fligh t No. By 
Attac k No. KVASTVE ACTTON DATA                         Started 
F.  C. No. Completed 

[ Form 3?   ] | Sheftt.    IIIIIIIIIIIIIIB-I>BI ^ ,„, 
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P22E 15 Dec  »^ 

Impact 
Time 

(Sec) 

Firing 
Time 

(Sec) 

Average Values of Initial 
Value 
of 
Climb 
(Deg) 

Transit 
Time 

(Sec) 

1 
Accelerations (g) Speed 

(Mph) 

Pitch 

(Deg) 

Climb 

(Deg) 

^ |     AF I   N V P ^AV 5 o /^ T 

1    A B [        c i       D       1 1       E F 1        G 
^        H '      I J 

% 

; 

I 1 
l    Flig ht No. F.VASTVF,  AP.TTON  DATA                              ^7                                                   I 
|    Atta ck No. Method A                                   Started 
i    F. C . No. Completed 

[Form 34A 1 | Sheet                      of                  | 
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Impact 
Time 

(Sec) 

Firing 
Time 

(Sec) 

Average Values of Impact Time 
Value« of 

Transit 
Time 

(Sec) 

Accelerationo (g) Speed 
(Uph) 

Pitch 
(Deg) 

(nimb 
(Deg) 

AH AF AV V PT VT A T 

A B c D E F Q H J 

* 

Flight No. ftr                                              1 
Attack Ho. EVASIVE ACTION DATA                         Started 
F.  C. 1 Io, Method B Completed 

 ■  

1 Form 34B 1 bneet   01  1 
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Impact 
Time 

| (Sec) 

Average Accelerations 

|     (g) 

Deviation 
From 

Straight Line 
|   (Ft) 

Dimonsionless Ratios 
|     Based On 

%     1    ^ 
MONKEY Azimuth 

^  1 ,  , [ 
|35A-C  1 (^g) 

A r ** <r i     m i     n 
!   Q | ta» << 1 "*   1 

1  A B \      c ''            D i    E 1   F G ^  H i  J   l 

Flight No. By                                                    i 
Attack No. 

uvnoxvu n\jLi.wn   un.xn.                                  Started 

| F. C. N 0. 
-■ 

Method A Completed 

Form 35A | 1 Sheet       of        1 
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P22E 15 Dec  '45 

in pad 
Time 

(Sec) 

|       Average 
Accelerations 

•             8 

Devia- 
tion 
from 
Straight 
Line 

i  

Diniens 
Rat 

Base 

A 

ionless 
Los 
i on 

1    AF 

MONKEY 
Azimuth 

1   (Deg) 

i        UÜNKEY 
|          Roll 

(Deg) 

| 

Target 
Range 

(Yd) 

MONKEY 
Tail 

(iiO 

Ring 
/ngle 

1  (Deg) 

MONKEY 
Yaw 

, (DegH 

;       A r ^ [   oT X \      P 1    J tan 4* 

i 

D L I Ring Yx-Rind 

1    A 
B 1    c D E :     F G H J K 1     L M       ! 

1 
1 
i 
1 

i 
i 
i 

i 

l 

j 

  

t             | 

i   Flight No. By                                                    1 
Attack No. mrtnTirw. APTTnu HATA                        Started                                              | 

j   F.  C. Ho. Mftfhnfl   B                               Completed 
Form 35B J Sheet                 of .       1 
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N. U. P22E 15 Dec  «45 

Impact 
Time 

(Sec) 

Calculation 
MONKEY Elevat 

(g) 

Of 
ion 

B/C 

Target 
Range 

(Yd) 

MONKEY 
Tail 

(In) 

MONKEY 
Elevation 

(Deg) 

MONKEY Azimuth 

(Deg) 

W S tantj D L Em *ß Ring «m 
A B C D E F G H I J 

! 

Fligh b No. By 
Attac k No. KVASiVK ACTION DATA                           Started 
F. C. No. Method A Ccanpleted 

r 
1 Fom 36A 1 1 üheet  or 
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CHART   IV CONFIDENTIAL 

@ 

100- 
K 
N 
0    150 
T 
S 

200-E 

-150 

250 

100 

M 

P 

200 H 

t-SOO 

© d 
0.10 0.1 

I-0L08 

006 

0.15   - 
-0.04 

0.20- 

-002 

0.25 

0.80 

1.0 

AT 

SEC. 

® 
r-0,1 

030- 
-OOI 

-0008 

0.40-_o.o06 

0.504-0004 

0.60 H 

-^-0.002 

0.01 

-0.008 

rC.006 

-0.004 

OJ002 

).00l '-o.oo? 

n 
% 

A. Calculation of/n 

1. Obtain    T from Col 34A-J.    Enter on Scale 1. 
2. Obtain V from Col 3M-F.    Enter on Scale 2. 
3. Connect AT and V with a straight  edge.    Mark 

intersection on Scale 3. 
4. Obtain AM from Col 3'*A-C.     Enter on  Scale 4. 
5. Connect mark on Scale 3 with AH on Scale k 

with a straight edge.    Mark intersection on 
Scale 5. 

6. Obtain X^ from Col 34A-H.    &iter on Scale 6. 
7. Connect mark on Scale 5 with f^ on Scale 6 

with a straight edge.    Read the desired value 
of m from Scale 7 and record in Col 35A-E, 

© 
1.0 

0.8 

06 

0.4 

0.3 

0.2- 30*- 

20 

0.1- 

A,.  ""I 
A, 
A 

Ar- 

m = (7 COS^ 4!'^ 'AV 

(AT)g 

to' 
o* 

in g 

V'AV 

"(^ 
(AT)g 

B. Calculation of rtyXjyO 

1. Obtain AT from Col 34A-J.    Enter on Scale 1. 
2. Obtain V from Col 34A-F.    Enter on Scale 2. 
3. Connect b.1 with V with a straight edge.    Mark 

intersection on Scale 3. 
4. Obtain Av,  A or A p (depending on whether 

n,  x, or p  is desired) from Cols 34A-E,   35B-B 
or 3W-D.    Enter on Scale 4. 

CT 

with Av,  A, 
Read 

or A, Connect mark on Scale 3 
Scale 4 with a straight edge.    Read the de- 
sired value of n, x, or p from Scale 5 and 
record in Cols 35B-E or 35B-F. 

on 

CHART  IE 
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MCMENCLATUHE 

1. Coordinate Systeraa 

ElC     - Fixed Aii>-Mass Axes:    The   5n-plane is parallel to the ground and the posi- 
tive   fl-axis has the direction of the bomber's line-of-flight. 

X'Y'Z'  - Bomber Axes:    Origin at   Q    ,  the vulnerable point. 

XYZ - Stabilized Bonder Axes:    Origin at    Q    and parallel to the      &iC -system. 

x-jy-jz-i   - Fighter Axes:    For a left side attack the plane points along the positive 
Xn-axis and the left wing along the positive y]_-axis.    For a right side attack 
the plane points along the negative x-^-axis and the right wing along the posi- 
tive y^-axis, 

x'y'z'  - Origin at the fighter and parallel to the X'Y'Z*-system. 

xyz - Stabilized Fighter Axes:    Origin at the fighter and parallel to the XYZ-system. 

xiyizi ^ = -'■>  ^»  3, 4) - Fighter Axes:     Represent the axes of the fighter in the 
various stages of the four planar rotations, 

2. Constants 

Vg - Bomber Speed (yd per sec).    The bomber velocity vector is constant. 

Vp - Fighter Speed (yd per sec)  relative to air-mass coordinates    ^r^  • 

VJJ - Muzzle Speed of Bullet (yd per sec)  when fired from a stationary gun. 

Cc - Ballistic Constant  (dimensionless) 

6 - Relative Air Density (dimensionless). 

3. Variables (the ranges of the variables are indicated). 

n'    , e '„ ,    r0    - Coordinates of the Fighter Relative to the Unstabilized Bomber 
Axes    X'Y'Z«     . 

0° ^ <   < 360° _90O £ e;  i 90° 

0° = «o  - 18oC' for a right -90° z:t'0   = 0° when the fighter 
side attack is below the bomber 

1^0° r  «J,  < 360° for a left 0° ± e*  ^90° when the fighter 
side attack ' is above the bomber 
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3. Variables (Continued) 

®o  >   ^o    ~ Unstabilized angle off the bomber's nose, and tilt a.       ,  respectively, 
of the fighter relative to the X'Y'Z1-system. 

)0 ^ e; ^ 180°        o0 ^ cp; < 3600 

O0 = To t 1800 when the fighter 
is above the bomber 

180° t ^i  ^360° when the fighter 
is below the bomber 

ao   >    Ro    y    r.,    - Coordinates of the Fighter Relative to the Stabilized Bomber 
Axes    XIZ ^ . 

0° i «„ < 360° -90° ^ €0  ^ 90° 

0° = a,, = 180° for a right -90° ^ eö =0° when the fighter 
side attack is below the bomber 

180° -%< 360° ^r a left 0° ^ e0 i 90° when the fighter 
side attack is above the bomber 

90 , To - Stabilized angle off the bomber's nose, and tilt angle, respectively, 
of the fighter relative to the XYZ-system. 

0° £ 6 * 180°   0° t  cp0 <360
O 

0° r q>0 r iSO
0 "hen the fighter 

is above the bomber 

180° t  (p0 <360 when the fighter 
is below the bomber 

"e > C
B  "" Coordinates of the fighter giui bore-point B in the x'y'z'-system. 

o^ , eB  - Coordinates of the fighter gun bore-point B in the xyz-system. 

^ , *c  - Coordinates of the effective bore-line in the xyz-system (resultant of 
Vy and Vp without ballistic correction). 

CONFIDENTIAL 



CONFIDENTIAL s«. c 

3. Variables  (Continued). 

ot   ,     e    - Coordinates of the true bullet line in the xyz-system (i.e., the line 
from the fighter at firing time to the target at impact time). 

0° *a <360o -90° ^ e = 90° 

0° i «  = 180° for a left E  = - e0 
side attack 

180° za  < 360° for a right 
side attack 

u   - Bullet time-of-flight (seconds). 

p   - Radial bullet line error (milliradians).    (p   is the angle between the actual 
and true bullet lines). 

G - Gravity drop correction  (minutes). 
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Fig.   I.I.     Left  side  attack. 

el 
Q \     BOMBER   LINE   OF   FLIBHT 

.Y' 

"^S^: ~y<  '' 
cW 

'B,   BORe   POINT 

Fig.    1.2 
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INITIAL OIRECTIOH 01 BÜLLFT 

ACTUAL PATH OF BULLFT 

B    BOHE-P'JINT 

1 7  
i    / 
l   / 

'        / 

Fig.   1.3 

TtlUE   PATH   OF   BULLET 

Fig.   1.4 
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1. Compute and record on Form 41 the values of the constants listed there. 

2. Obtain the unstabillzed coordinates of the fighter ro, < t t; from boaber vs 
fighter data and record in Cols 4.2-B, 42-C and 42-0. 

3. Compute 0^, VÖ from the formulas below and record in Cols 43-C and 43-E. 

cos ©^ x COB <*■'. cos to ; 

cot <p; - sin ^.'e cot £.'B . 

4. Graph 0* and <p; , smooth and read their Talnes at points corresponding to the fighter 
film frames to be read. Record in Cols 44-6 and 44-C. 

i 
5. using the GLOOK and fighter film determine the coordinates of the bore-point    *e     ig 

In the x'y'«'-system.    Record in Cols 44-D and 44-E. 
i 

6. using the GLOOK make a yaw, roll, pitch correction on »(.'$ , 1^ to determine the 
coordinates ^     » £„ of the bore-point in the zya-e/stem. Record in Cole 44-1, ^  

and 44-J.   « I 

7. Graph ^^ and fa , smooth and read their values for every 0,1 sec. Record in 
Cole 47-B and 47-C. 

0* ^ -<o<360« 

Ranges of the Variables 

}  0° i *, i 180° for a right side attack, 
IBOO « -c. ^ 360° for a left side attack. 

-90° s l9k 90°   i  -90° = te i  0° when fighter is below 
bomber, 
0° ^ t. k 90° when fighter is above 
bomber 

0° | » i 180° 

0°* v<3604 ; 0° i • . i 180° when fighter is 
above bomber, 
100° i <j)0 < 360° when fighter is 
below bomber. 

0° i -t * 360° j 0° 4  «. i 180° for a left side 
attack, 
180° r -- < 360° for a right side 
attack. 

-90° its 90° ; t  and e0 harm opposite signs. 

♦ *o » ^o  ^*Te r«8?60*1'«!?» the same 
ranges as «t, » t *-o » *0 »  *o • 

8. Compute ihn  coordinates ^   and tc of tl 
xyi-syetem from the formulas below and r 

tan <t s !^n ot6 C08 ^ ♦ •- (IiJ 

•i« E, 

cos ^e •08   €.e  4. o- (Yi* 

VH [sin   i9 ♦ •■ (z 
VM + VF 

I 
/ 

9. Compute tt - G and record in Col 49-H. 

10. Compute t«. - G - t in minutes and rec< 

11. Compute ^c - «c in minutes and record : 

* 12. Compute the radial error S    by the GL001 
and record in Col 50-K. The formula giv« 

^o a 0.2909 ^ ( -S. - ^ )2 ess ( 



iter 

t'- 

A. Obtain values of I, R, P fro« boaber vs fighter data. Graph and eaooth. 

Al. Read their values at points corresponding to A2. Read their value« at points correep< 
the fighter fila frames to be read and record bomber film frames to be read and rt 
in Cols U-F, U-G end U-H. A3-F, 43-G and A3-H. 

v 
B. Using the GIXXjK make a yaw, roll, pitch correction on «Ö » f o to determine the etabilizec 

•S, » S-0 of the fighter in the XTZ-system, Record in Cols ^3-1 and 43"J. 

C. Graph r0, ^0 and f.0 , smooth and read their values for every 0.1 sec. Record in Cols 4,5- 

D. Compute the coordinates I, T, Z of the fighter by the formulas:  

I « ro cos i»   sin  «*, 
T « r0 cos t0 cos ^0 

B r0 sin to 

and record in Col 45-1, 
and record in Col 45-J, 
and record in Col 45-K. 

E. Compute Xi+j - Ii-i, the values of I at t-O.l subtracted from the values of X at t+0.1» Si 
Record in Cols 46-B, 46-C and 46-D. 

F, Compute the following formula and record in Col 46-J. 

vF/vM 
<T   S 

/(Xi+i - Xi_i)2 * (Till - Ti..l)2 ♦ (Zi^i - Zi.i)2 

s ott and  tt of the effective bore line in the 
rmulas below and record in Cols 49-K and A9-C. 

ios te ♦ «r (Xi*l - Xl-l) 

lo» t ft * o-  (Yi+i - Ti_l) 

[•in t8 ♦ «r (Zi+1 - Zi.].)] 

i 
»cord in Col 49-H. 

In minutes and record in Col 49 

Lnutes and record in Col 50-C. 

ar 7° by the GLOOK or by the formula below 
. The formula gives J3    in mill1radians. 

— ""—'     -' ■I""—-—"——"— ■'     ■ ■—■■II    M»H >l     I   ■■ —■--      I     —I-        -    »■■■   l«.!— !—■■ 

^   -   *    )2 008 (    cc - G)  cos   t     ♦ (    tc - G - 

FUM    CHART IX 

FIGHTER VS BOMBER 

G. Compute the "angle-off 0 of the fighter relal 
bomber from the formula cos &0 = cos «<.« cos 
record in Col 48-C. 

I 
.H. Compute the kinematic lead angle > from tab; 

No. 24.  In these tables A    is a function of 
and present angle-off ©0. Record in Col AS-D, 

»I. Compute the quantity uVg to the nearest yard 
formula below and record in Col 48-H. 

uVi 
r0 sin x 

B 
sin ( > ♦ ©o) 

i 
J. Compute the gravity drop correction G by the i 

below and record in Col 49-G. This formula gi 
in minutes. 

G M  (UVB a 4- b) uVg cos Ec 

K. Compute cc and i-   from the formulas 1 
record in Cols 50-B and 49-1. 

.     I - uVB 
cot <K. =  

I    ' 

sin tc 
sin e - - 

sin ©- 
•in ( x ♦ © ) 



r yn fighter data.    Graph and Bmooth. 

lending to 
and record 

A2. Read their values at points correapoading to the 
bomber fil« frames to be read and record in Cols 
43-F, ^3-0 and A3-a. 

•v 
»itch correction on   «-o  ,    t'o   to determine the stabilized coordinates 
2-sy8tem,    Beeord in Cols 43-1 and 43-J. 

read their values for every 0,1 sec.    Record in Cols 45-B,  tf-C and 45-D.> 

the fighter by the formulas:   

cord in Col 45-If 
cord in Col 45-J, 
cord in Col 45-K, 

I at t-0,1 subtracted from the values of Z at t+0.1.    Similarly for T and Z. 

ecord in Col 46-J, 

- Tl_l)2 ♦ (Zui - Zi-i)2 

/ 

G. Compute the "angle-off 0 of the fighter relative to the 
bomber from the formula cos 0o = cos <*, cos c0  and 
record in Col 4B-C, 

.H. Compute the kinematic lead angle A from tables in AMG-N 
No, 24. In these tables A is a function of present range r 
and present angle-off 90, Record in Col 48-D. 

1*1. Compute the quantity uVg to the nearest yard from the 
formula below and record in Col 48-H, 

uVi B 
r0 sin x 

sin ( > ♦ &o) 

i 
J. Compute the gravity drop correction G by the formula 

below and record in Col 49-G. This formula gives G 
in minutes. 

i m  (uVg a ♦ b) uVg cos €c 

K. Compute oL  and t from the formulas below and 
record in Cols 50-B and 49-1. 

T - uVB 
i 

OOt  e(. = 

sin 1 - - 

Z 

sin U 
«in »« 

•in { ^ ♦ ©0) 3 CONFIDENTIAL 
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CONFIDENTIAL Sec. 

A.   VB = ; D. S    - 

B.    VM = J E.    c. 

c.       vF   = 

F.    vM ♦ VF = B + C = 

G.    h = .00059 — V"30(VM + VF) = »000^? x D x y 30 x F 

H. 

K. 

a -  6246.671h   _ 6246.671 x G 
^M ♦ W     F x Ax A 

T b    =   18.427.680     _    18.427.680 

"    ^M + VVB    " FxA 

J.    V£ = £ = 
VM   B 

V- M   _ B 
V
M * 

VF    F 

Flight No.   By   
Attack No.  ATTACK CONSTANTS Started _ 
F.  0.  No.     '  Completed 
Form 41 I I Sheet of 
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ä   Fi'ame 

1     No' 
[Bomber 
| Camera] 

i        ro 
j    (Yards) 

i         < 
(Deg-Min) 

< 
(Deg-Uin) 

(COS    «o cos    £,!, sin«Q i    cot    t0        1 

;        From Bon ber vs Fight er Data cos 0 cos D sin C cot D        I 

1      A f           B !    c D £. F G H          j 

I 

1 

1 

Flight No. By 
Attack No. BÜÜBER CAlaERA DATA T                      Started                                    | 
F.   C.  t 0. Goiapleted                                i 

1   Form 42 1 Sheet                of                   ! 
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Frame 
No. 

Bomber 
Camera 

cos   0-' 0 
[Deg-Min) 

cot <?; Yo 
(Deg-;-;in^ 

Y 

(Deg-Jiin) 

R 

(Deg-Min) 

P 

Deg-Llin) 
^o 

(Deg-LJLn) 

eo 
(Deg-ian) 

42Ex42F cos" B 42Gx42H cot- D 
Frcm Bomber vs 
Fighter Data 

i 

Froai 42C, 42D 
via GLOOK 

A B C D E F G H I J 

1         1 1        1 
Flig ht No. By 
Atta ck No. BOMBÜR CAMERA DATA II                           Started 
F.   C . No. m 

Completed 

j    Form 43 | Sheet                of 
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NJJ. P22E 15  Dec.   '45 

Frame 
No. 

Fi^tter 
Camera 

o 
(Deg-iMin )( 

Itom Gr&fli 
of 43C 

T o 
Deg-Iiin; 

Ebom Qr^)h 
of 43^ 

(Deg-üin) 
B 

(Deg-tlin 

Fron Fighter 
Film via GLOOK 

j  

(Deg-Llin) 

R 

(Deg-iiin) (Deg-i,lin) 

From Bomber vs 
Fighter Data 

a 

(Deg-Llin)(Deg-L:in) 

From D,  E 
via GLOOK 

E 

Flight No. 
Attack No. 
F.  C.  No. 

Form 44 I 

BORE-POINT COORDINATES 
(Stabilized Spherical) 

By  
Started   
Completed 

Sheet of 
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N.U. P22E 15 Dec.   '45 

Time 
(Yards) 

a 

(Deg-Liin (Deg-LJin 

cos sin <* e COS   & sin £, X 

(Yards) 

Y 

(Yards) 

Z 

(Yards) 

Fran Grapl- 
of 42B 

Prom Graft 
of 431 

Prom Graft 
of 43J cos D sin C cos C sin D BxExF BxExG B x H 

D 

Flight No, 
Attack No. 
F. 0. No. 

Form 45'~l 

FIGHTER COORDINATiiS 
(Stabilized Cartesian) 

By  
Started   
Completed 

f Sheet sr 
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N.U. P22E 15 Dec :.   '45 

Tim *i+i _ xi-> ^L-»\ ~ Yi-i zu, - Zi-, (xu.-^-O1 
fYu.-Yc-,)* CZi«"2^ I yi (T 

From 451 From 45J From 45K B x B C x C D x D E + F + G /H 4U/I 

A B Q D E F a H i J 

Fligh t No. By 
Attac k No. TANGENT TO FIGHTER PATH                        Started 
F.  C. No. Completed 

[ Form 46 | Sheet                of 
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N.U.  P22E 15 Dec.   '45 

Time 
(Deg-Min) (Deg-Min) 

sin CV 
E 

cos £ 
B 

cos «x 
B 

sin e. 
B 

1 

tan A c sin   £c 

From Gnph 
of 441 

Rrora Graphi 
of 44J sin B cos G cos B sin 0 

(DxE)  + 
(46Jx46B) 

(2xF) + 
(46Jx46c) H/I 

f(46jx4a); 
»- Gjx41K 

B -      G D £                 F G H I J                K 

Flig tit No. By 
Atta 3k No. EFFECTIVE BORE LINE                                Started 
F.  C . No. Completed 

Form 47 1 I Sheet                of 
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No U, P226  15 jecj '45 

Time cos 

(Deg-;,;in)(De3-:,iin) 

e 

(Deg-lvlln) 

sin \ sin^ + o- 
o uVB 

(Yards) 

Y - uVr cot of sin O" 
o 

!^ x 45G cos B 
From 

Tables C + D sin D sin E 
4$B x F 

G 45J - H I/45I sin G 

D G H 

Flight Wo. 
Attack No, 
F. G. Mo. 

TBffi OF FLIGHT 
By   
Started _ 
Gompleted 

Form 46 Sheet of 
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N.   U.  P2Zi 15  Dec.   'U5 

Time sm 

(Deg-llln) 

cos    £, uVga *• b (uVga+b) 
x uVr 

G 

(kin) 

fcc-G 
[Deg-Uin) ( ueg-i.iir^l 

tc-G-€. 

(Min) (Deg-'uir] 

4?K sin k7K cos  G 
(48Hx41H) 

E x 48H F x D - O u —  u sm H - I tan /i7J 

K 

Flight No. 
Attack No. 
F.  G. No. 

Form 49 I 

GRAVITY DROP CORRECTION 
By 
Started ___ 
Completed 

Sheet of 
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N. U. P22L 15 Dec.   '45 

Time 

(Deg-hiin, (hin) 
(«c -*)2 cos{^c~G) cos fe ec-G-e)2 

[ililläradj 

cot*48J 49K - B 0 x C cos 49H cos 491 D x ^ xF 49Jx49J G + H /I" 0.2909icJ 

[    A     1 B |       G \   D  ! 
E !        F G H I        ' J I        K       i 

l 

1 
Fli^h t No. By 
Attac k Mo. RADIAL BULLET LINE ERROE                       Started                                      j 
F.  C. No. Completed                                 i 

1  Form 50 I | Sheet                  of                     j 
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NOMENCLATURE 

1, Coordinate Syot«ms 

XYZ - Fixed Ground System:    Origin at    T    , XY-plane on the ground, and Z-axis 
directed upward. 

xiyizl * fighter's Own System:    The plane points along the positive y^-axis and 
the right wing along the positive x-^-axis, 

xyz - A system with origin at the fighter and parallel to the XYZ-system, 

2. Variables (the ranges of the variables are indicated). 

a    ,    eo    »    rr,    ~ Coordinates of the fighter relative to the XTZ-system.    (See 
Fig. 1.1). 

0° i   aQ  <360O 0O£€0  ^90° 

( %   generally will 
be in the neighborhood 
of 180°). 

"t  >   E
T     - Coordinates of the target center   T   relative to the x^y^Zj-systera. 

"o   »   E0     - Coordinates relative to the xjy^Zi-system of the point of intersection 
of the positive X-axia and the target circle. 

ß0 ,   VQ    - Traverse and inclination angles, respectively, of the fighter relative 
to the XYZ-system (see Fig. 1.4). 

0° M0  t 180° 0° *% < 360° 

"F    ,    E
F     - Direction of the tangent to the flight path relative to the xyz-system 

(see Fig. 1.2). 

0° £   a, <3600 -90°! eF ^ 90° 

0(
FI , P

FI,  - Direction of the tangent to the flight path relativ« to the x^y^z^- 
aystem (see Fig. 1.2). 

|i    >      v <- Angles of attack and skid, respectively, of the fighter (see Fig. 1.3)» 

-90° £M 0Oiv'<360O 
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2. Variables (Continued) 

R* - Bank Angle: Angle between the plane of symmetry and the vertical plane 
through the datura line. 

R* = 90° 

P* - Dive Angle: Angle between the datum line and the horizontal plane. 

P* £ 900 

3. Miscellaneous 

Datum Line : Optical-axis of the fighter camera. 

Plane of Symmetry ; Plane perpendicular to the airplane's wings and containing 
the datum line. 
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Fig.   I.I.    The coordinate systems. 
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F ig.   1.3 

Fig.   1.4 
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1. Using CRADLE read Ä  ,  y0  » 
fro« target camera film and re- 
cord in Cols 61-B and 61-C, 

2. Compute the range r0 
fro« the formula r0 • k 
and record in Col 61-J8 

(get value of k from the 
supervisor), 

3. Plot %     , T f/ , To, smooth 
and read their values for «very 
0.1 sec. Record in Cols 62-B, 
62-C, and 62-D. 

4. Compute the coordinates I, Y, Z of 
the fighter by the formulas 

X s -r0 sin ß 

Y = -r0 cos 

o » 

cos 

Z -   TQ  COS p'   sin y< t 

and record in Cols 62-1, 62-J, and 
62-K. 

5. Compute Xi+i - Xi-1 ,  the values of I 
at t-0.1 subtracted from the value 
of X at t*0.1. Similarly for Y and Z, 
and record in Cols 63-B, 63-C, and 
63-D.    | 

6. Compute  «c, 

tan «Cf z 

tf by the formulas 

Xj»! - Xi_i 
Yi*l * Ti-1 

A.  (a) From fighter camera film read 
«S    .     tr   ,   -c^    ,      t^   ,  using 

CRADLE,  and record in Cols 61-E, 
61-F,  61-G,  and 61-H. 

(b)  Measure the length s  (inches)   of 
the major axis of the elliptical image 
on the screen and record in Col 61-1. 

V 
Plot  «T ,  (^  ,  ^  ,  tQ , 
smooth and read their values for 
every 0.1 sec. Record in Cols 64-B, 
64-C, 64-D, and 64-E. 

zl+l ~ zi-l tan t -  cos «.j -ili i_± 
Yi*! - Yi_i 

and record in Cols 63-F and 63-J. 

I 
7. Usinis the GL00K find -*    ,     ^     , 

R*, P* and record in Cols 6A-F, 6^-0, 
64-H, and U-l. 

FLOW CHART X 

ANGLE OF ATTACK AND SKID PROBLOI 
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Tarpet Camera Fighter Camera 

Frame 
Number 

y- 

Li t 
From Target Camera 
Film via CRADLE 

Frame 
Number 

«7 

(Deg-l.iinl| (Deg-iainl (D ee-^in (OflgsMia ^Tnr.hpf. ) 

0 

(yards,' 

From Fighter Camera 
Film via CHADLE    , 

From 
Fighter 
Film From I 

JI 

Flight No. 
Attack No. 
F. C. No. CAMERA DATA 

Form 61 

By  
Started 
Completed 

Sheet ■^r 
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Time 

1 

peg-Kin) 
"HI KDeg-Lin^ 

i 

ro 
(Yards) 

sin A; cos />; cos   i/ sin ^ 1       X 
(Yards) 

i        Y 
(Yarasj 

Z 
(Yards) 

From Graphs of 
61-B and 6l-C 

1 

|    From 
|    Graph 
I of 61-J 

sin   B cos   B cos   C sin   C - D x E -DxFxG DxExH 

I    A .        B \      c D       ' 1       E f        F I      G 1       H !         I 1        J      ' !       K      | 

1 

1 

Fligh t No. 
FLIGHT PATH COORDINATES                      ^ ——  

/■.D„„4. -.„^                                 Started                                        if Attac < No. 
F.  C. No. Completed                                   | 

1 Form 62 1 Sheet                  of                    | 
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Time \.r Xt-. ^i+i~ H-i 2i-- Zi., tan qff «F 
(DeR-Llin) 

cos «=<F ^i+i-   ^l-i tan eF 

(Deg-Uin! Yu,- Yi-, 

From 621 From 62J From 62K B/C tan'' E cos F D/C G x H tan" I 

A B C D E 1        F G H r       I J 

* 

- 

Fligh it- No. By 
Attac k No. FLIGHT PATH COORDINATES                         Started  

(Spherical)                                     Completed F.  C. No. 
    ,! 

[ Form 63 j Sheet                of                     | 
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Time 
* 

T 

(Deg-Min) 

t 
T 

(Deg-Min) (Deg-Min) (Deg-Min) (Deg-Min) 

-0 

(Deg-Min) 

R* 

(Deg-iin] (Deg-Ldin) 

F rom Graphs of 6LE,  F,  G,   I I Via GL DDK 

A B G D E F G    ' H I 

L   . 

Flight I .'o. By 
Attack I Jo. ANGLES OF ATTACK.  SKID.                       Started 
F. C. Nc >. ROLL AND PITCH Completed 

i Form 64 | | Sheet                of 
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GLOSSARY 

(see also Section A) 

ACTUAL CURVES;    the projections of the fighter's path relative to the air mass onto the 

XY-, YZ- and ZX-planes (see Fig. 1.03). 

AIR MASS AXES (X   Y'     Z):    a rectangular coordinate system fixed relative to the air mass 

and coinciding initially (at the beginning of an attack) with the stabilized axes (XYZ). 

PLANE OF ACTION;    the plane of the bomber's path end the fighter's position at the beginning 

of an attack (really the initial plane of action). 

RELATIVE CURVES;    the projections of the fighter's path relative to the bomber onto the 

XY-, YZ and ZX-plane (see Fig. 1.03). 

STABILIZED AXES (XYZ);     a rectangular coordinate system whose origin ia at the center of 

the Martin forward crown-turret, whose XY-plane is horizontal, and whose positive 

Y-axis coincides with the bomber's flight. 

STABILIZED AZIMUTH (   a ):     with respect to stabilized axes (XYZ), the angle between the 

positive Y-axis and the projection of a direction froru the origin onto the XY-plane. 

STABILIZED ELEVATION (   e ):    with respect to stabilized axes (XYZ), the angle between the 

projection of a given direction from the origin onto the XY-plane and the direction 

itself. 
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NOTATION    AND    ABBREVIATIONS 

(see also Section A) 

«_:    stabilized azimuth. 

£_:    stabilized elevation. 

e';    stabilized elevation if the fighter stays in the plane of action. 

RP-63;    an Amy fighter, a modified Kingcobra, manufactured by Bell Airsraft Corporation. 

t:    time (seconds) since the start of an attack. 

vb :    bomber's TAS, 

XYZ:    stabilized axes. 

XY'Z;    air mass axes. 

x., y,  a: rectangular coordinates of a point with respect to stabilized axes. 

xf y'j z; rectangular coordinates of a point with respect to air mass axes. 
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F.C. #36 N.U. P14E 8/22/45 
Position of RP-63 with respect to forward crovm-turret on PB4Y-2 

Flight IC, Attack 2, Type a2V1 

Time Range Stabilized Stab ilized 
• Azimuth Elevation 

(sec) (yards) (deg -min) (deg-min) 

0.0 825 246° 54« 7° 58' 
0.2 812 245 51 7 55 
0.4 799 244 49 7 51 
0.6 786 243 48 7 45 
0.8 773 242 45 7 39 
1.0 761 24i 42 7 35 
1.2 748 24C 40 7 26 
1.4 734 239 38 7 20 
1.6 720 238 33 7 13 
1.8 707 237 24 7 06 
2.0 694 236 17 6 56 
2.2 682 235 09 6 52 
2.4 670 234 00 6 45 
2.6 659 232 52 6 39 
2.8 648 231 45 6 30 
3.0 637 230 36 6 24 
3.2 627 229 31 6 15 
3.4 616 22fc 24 6 07 
3.6 605 227 15 5 58 
3.8 595 226 06 5 50 
4.0 585 224 56 5 40 
4.2 575 223 48 5 32 
4.4 566 222 41 5 22 
4.6 557 ?21 33 5 12 
4.8 548 220 24 5 02 
5.0 539 219 18 4 52 
5.2 530 218 12 4 42 
5.4 522 217 09 4 31 
5.6 514 216 05 4 21 
5.8 506 215 01 4 10 
6.0 497 213 59 4 00 
6.2 489 212 55 3 49 
6.4 481 211 54 3 38 
6.6 474 210 53 3 27 
6.8 467 209 52 3 16 
7.0 459 208 53 3 04 
7.2 452 207 54 2 52 
7.4 445 206 55 2 40 
7.6 437 206 00 2 28 
7.8 430 205 07 2 16 
8.0 424 204 15 2 04 
8.2 417 203 24 1 52 
8.4 410 202 33 1 40 

Fig, 1.01. Sample fighter-position data. 
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Fig.   1.02.    Transformation of coordinates. 
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RAZEL FILM 
Forward crown-turret 

1. Read scales at selected frame 
intervals and record gun Az, 
and El. w.r.t.* turret axes in 
Col 10-C and 10-D.»» 

I 
2. Correct Cols 10-C and 10-D, 

recording in Cols 10-F and 10-G.- 

1 
3. Plot these gun Az. and El. read- 

ings against frame numbers and 
corresponding time scale. 

3. 

GUN-CAMm FILM 
Forward crown-turret 

T 
1. using 35 mm 

Booth No. 2 
screen. 

projector and screen in 
plot target-points on 

I 
2. Using CRADLE, obtain garget Az. and 

El. readings w.r.t.* bomber axes 
->- centered at forward crown-turret,** 

Record In Cola 11-F and 11-G. 

I 
Plot these unstabilized target Az. 
and El. readings against frame 
numbers and corresponding time 
scale as a check on Step 2, 

U.  Record in Cols 2^-0 and 2^-D the 
unstabilized target Az, and El, 
w.r.t.* turret axes. 

1. I 
i 

i 

2. ( 
i 
j 

3. 1 
i 

4. I 
r 
P 
f 

* w.r.t. s with respect to 

*n These instructions assume that all films 
correspond frame by frame. If they do 
not, interpolation of the graphs will 
be required to "synchronize1* data, 

*** Supervisor will supply values of K^ or Ky 
depending on use of wing-lights or wing-marks. 

> 
5. use CLOCK to compute stabi] 

target Az. and El. w.r.t.* 
axes.        ! 

6. Plot and smooth these stabi 
target Az. and El. reading« 
frame numbers and correspor 
tine scale. Record smoothe 
data (intervals of 0,2 sec) 
Cols 25-C and 25-D, 

7. Record in Cols 25-E, 25-P, 
25-H the values of sin El., 
sin Az., and cos Az. 

I 
8. Compute the rectangular coc 

X r r cos ^ sin "< 
T = r cos C cos «i 
Z - r sin t 

of the fighter w.r.t.* the 
Record in Cols 25-J, 25-K 

I 
9. Compute the actual coordina 

of the fighter w.r.t,* the 
I« = T ♦ V0t, where V0 = l 
t stiae (Col 25-A). 



GIRO FII1I 

1. Read dials at selected frsme intervals 
and record yaw, pitch and roll angles 
in Cols 21-C, 21-D, and 21-E. 

2. Correct yaw, pitch, and roll for initial 
gyro readings (see supervisor). Record 
in Cols 21-F, 21-G  and 21-H. 

T 
3. If necessary (see supervisor) correct 

roll and yaw readings for use in GLOOK 
(using AMG-N Table I), 

4. Plot pitch, roll, and yaw against frame 
numbers and corresponding time scale. 
Record in Cols 24-E, 24-? and 2A-G  at 
forward gun camera frame numbers. 

ipute stabilized 
11, w,r,t,* turret 

GÜH-CAMERA FILM 
Rear crown-turret 

r 
A. Using 35 mm projector and screen 

in Booth No, 2, öcale wing-lights 
and/or wing-marks, and record in 
Cols 11-B and 11-D. 

B, Calculate range date from the 
formula: 

H K7 
r ; -T   or  _1 ***,  Record 

~ s      n 

in Cols 11-C and 11-E. 

I 
C, Flot and smooth range data against 

fram* numbers and corresponding 
time scale. I 

D, Read smoothed range data (intervals 
of 0,2 sec). Correct for the 
forward turret from the table pro- 
vided. Record in Col 25-B. 

these stabilized 
1, readings against 
d corresponding 
ord smoothed 
of 0.2 sec), in 
-D. 

5-E, 25-F, 25-G and 
of sin El,, cos El,, 
Az, 

angular coordinates 

sin »< 
cos * 

f.r.t,* the bomber. 
25-J, 25-K and 25-L. 

il  coordinates X, T', Z 
,r.t.» the 
lere V0 =       elooity and 

0. 

FLOW CHART XI 

FLIGHT PATH OF FIGHTJE RELATIVE TO BOMBER 

Using the GLOOK for Roll. Yaw and Pitch Corrections, but 

Neglecting: (1) Range-Correction of Fighter Aspect; 

(2) Amount Fighter is off Gun-Camera's 
Optical Axis« 
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28 December 1945 



CONFIDENTIAL 
N. U. Pli+E 25 May '45 

Frame 
Number 

Film Dial  Readings Corrected Value 3 

Hange Aziinuth-20 Elevation Range Gun Gun Tine 
Input (Deg-Min) (Deg -MJJI) Input Azimuth Elevation ( SecJ 
(Feet) (Yards) (Deg-Min) (Deg-Min) 
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|          Wing Tip Lights I              -Ving narks 
[ 

Target Position 

j   Frame 
Ki- K2 = 

i       Time 
Number !       (Sec) 

i   Screen j     Range Screen i      Range Azimuth Elevation 
i   Length |   (Yards) Length (Yards; ( Deg-Mln ) (Deg-Min ) 
(inches) |r = K^B (Inches) r = K2/B 
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RANGE AND 
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in Booth No 
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Attack No, Started 
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Film Dial ReadinRs P^T.r.Q«+D^    Vo1,,Qc,                            GLOOH 
Gyro 

Camera 
Frame Time 

Initial Readings Pitch, 
P + Po 

Number (Sec) Yaw, Y'v 
(Deg-Min) 

Pitch, P'z Roll,  R'z Yaw, Yy Pitch,Rs-J5 Roll,  Rz 

(Deg-Min) (Deg-Win) (Deg-Min) (Deg-Min) (Deg-Mir^) (Deg-Min) 
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Attack No. Gyro Set No.     2 
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>            Unstabilized 1        Stabilized        j 
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I     Smoothed Stabilized Fighter Relative             1 
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