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CONFIDENTIAL . Sec.

GiNERAL ~ PREFACE ‘

During the active life of the Project 14 at iNorthwestern University provision

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

Photographic Aerial Assessment as developed for the Navy under OSHU Contract OkMsr 1276. ﬁ
It was felt that in its present highly specialized form a fairly comprehensive exposi-

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,

ThLe chief purpose held in view in preparing these lanusls has been to provide
a reasonably adequate presentation of background theory, operational requirements
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

R R B L SN T cu b

of which use is made in the development of ﬂhe theor%r fhe.i;éatment ;f the Bomber
vs 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 manuer are four: (1) Bomber vs Fighter,

with the Bomber undertaking Evasive Action; (2) The Fighter vs Bomber; (3) The Angle
of Attack and Skid Problem; and (4) The Flight-Path Problem. The reader is given a
geonetrical interpretation of the different situations, a brief theorevical treat-
ment is presented, and the analytical work is detailed with the aid of Flow Charts
and associated Form Sheets, <§he--experimental requirwoents of what information is
necessary and how it may be obta d;\Ehmora calibration and synchronization, accuracy

needed at various steps in the analysis, film hancling, and description of the
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computing instruments are included, as well as suggestions and cautions based on
se?eral month's operational experience with the equipment and procedure.

Uf the remaining volwaes, 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 Manual, which has been prepared for the non-technical people
who will in the main do the actual computing work; it provides a summary of aerial
gunnery terminology, provides Flow charts indicating the ojerations necessary to ob-
tain the desired assessment data from the film and computing machines, 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 lanuals, treating the Airborne and Ground Installa-
tions in comprehensive fashion, dealing with the suujects of mounting, aligning and
adjusting the devices i1 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 progranm,

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. lach author has developed his system of symbols in accord-

ance with his needs. llowever, tables are included giving t » most frequently employed
symbols with their meanings, and summaries of aerial-gunnery terminology are also

provided,

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

il
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illustrations and charts included as a part of a volune are bound at the top of the
left cover, and that the terxt material is bound at the top of the right cover., This
makes for convenience of continued reference to a cketch, photograph or definition
over the span of ceveral pages of text materizal,

3. At times reference is made to a "PFroject 14", and alsc to & "Project 22",
it should be explained that the Northwzstern University group working on the Aerial
Gunnery Problem was known ac Project 1, until 31 uctober 1945, after which date it

became Project 272,

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,

Detailled step-by-step procedures for carrying out the various 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
bibldography 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

CONFIDENTIAL

T T S S, A ol Pi—




CONFlDENTIAL Sec. A

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

CHAPTER A-1

THE THEORY - A BRIEF TREATMENT

A-1.01, Objectives and iMetnods, 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 propcsed, auwong them the single shot

probability of scoring a hit on the fighter at any i‘nstant during an attack, the probability

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

of the gun oosition 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 H

A..1ned to be the angular difference tetween the direction in which the guan under considera-
tion was pointed and the direction in which it should have been pointed in order that a
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 & measure of effectiveness, th¢ following discussions will be
limited to the formulation of metiiods for calculating during "dry rune", i.,e., attacks in

which no actual firing occurs,

* See, for example

AMG-C No, 370, "The /ssessment of Gun-Camera Trials,” ov R, F, Bennett and A. Sard
SRG Ne, 360, "Estimation of Hit Expectancy or Bullet lensity from Aim-Error Ob-
servaticns Known to Contain Observational Error", by R, F. Bennett
AMU~N No. 23, "Computation of Single Shot Probability in Camera Sight Assessment",
by A. A. Albert
AMG-N No. 79  "Results of a Recomputation of Sight Evaluation Test Data", by W, Givens
AMG-N No, 83, "Optimum Dispersiocn with the Mark 23 Fighter Gunsight", by W. Givens
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Two possible photographic assessment methods are discussed in Memos 3 and 10 of Pro-

Ject 14 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 promising 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 tlies 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 tc 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 certsin types of evasive action are considered in Section B of this Manual,
In the process of applying the transit-time method certain additicnal 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 is using a rate compul.ing
sight similar to the Mk 18), yieldir; information on the quality of his handling of the
fire control system, (2) measurements of the bomber's attitude and change of attitude,
(3) estimates of turret angular rates, and (4) certain information about the attacking
fighter needed to determine its flight path (see Secticn LK) and to assess its fixed

gunuery (see Section C),

CONFIDENTIAL 2
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The foilowing discussion is designed to explain intuitively the basic idea of the

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

Chapter A-1.
A-1.02 Assumptions. 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, say 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 bamber, projectile, and fighter may be treated as points in the
air wmass,

A-1.03 Basic Theorem, In Fig. 1.0l, let the bomber move along the straight line

ByByB, and the attacking fighter along any path F FiF, which need not be in a plane,
Suppose that at the instant when the bomber is at B, a.d the fighter at F,, a projectile

is fired from a gun pointing in the direction ByG. 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 ieaves 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. 1.0l the direction of the projectile's path is B P, lying along tne
diagonal of a parallelogram whose sides, B,G and B B, 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 P; , the bomber at B} and the fighter at F; . Assumptions (1) and (2) imply
that the distan.es covered by the bomber and projectile in any given time are proportional
to their speeds, so that ByBj:BoB = ByP1:BoP . This means that BjP; 1is parallel to
B' and hence to BoG also.

Similarly, two-tenths of a second after firing, the projectile will be at P, , the
bomber at B, , and the fighter at F, |, where B)P, 1s parallel to B,G . Applying

the same argument to any instant of time, T seconds after firing, we see that BrPT is

CONFIDENTIAL
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parallel to BoG ; i.e., the direction from the bomber to the projectile is alway e
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 Pp coincide
with the fighter's position Fp , in which case BpFp 1is 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 is the same as the
direction from the bomber to the fighter at that instant.

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

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

the gun 1s 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-1,04, Discussion. The foregoing theorem provides the basic method for finding
where the gun should have been pointed, by looking ahead tc 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 measurements 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 ove relaxed to meet practical situations, Suppose firat that the projectile
follows a straight path but that its speed is variable. If we know the time T for it
to reach any point P,r , 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,

CONFIDENTIAL 4
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and impact time and travels with its average speed, Ballistic tables and formulas to fit
them provide a neans of calculating T , usually as a function of (future) range at im-
pact time ( BpFp in Fig. 1.01) and angle-off ( @ in Fig. 1,0l) for particular types of
projectiles and specified flight conditions., (Jes AMP Memo No, 104.1 "Simple Formulas
to Fit the Values Tabulated in the Firing lables 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
DOFOGRAPHS., 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 bomrber
flight, This restriction is not serious, however, since in practice it is generally required
in order to maintain constant tomber speed,

Actually, Assumption (3) of Section A-1.02 is unrealistic. The projectile is, of
course, not a point, but its finite size will be neglected., tor the fighter it is necessary
to define a target point ( FT 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, ‘Ihis 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. }70, "The Assessment
of Gun—Came;a Trials,” by R, F. Bennett and A. Sard, Appendix 1, by Milton Friednan,
and Appendix 2.)

On the bowber, the point B (Fig. 1.01) is dufined 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 2
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not in general intlersect, 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 1is defined as the point of intersecticn of the turret's axis of rotation
with its normal plane which contains the axis of rotation of the guns, e shall call B

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 meoves in
a plane normal to the turret's axis, thus maintaining the perpendicularity of the two
axes, Note also that, us far as fundamental inotions are concerned, the khrco turret is
essentially a Martin turrst turned on its side, and vice versa,

In connection with Assumption (1) 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, ror ease of assessment it is desiratle
to minimize all tomber 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 messuring and correcting for such unavoidable rota-

tions will be discussed in Section A-2.07 and in the Theory kanual, Chapter A-4,
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CONFIDENTIAL Sec. A

So far the assessment has 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 er-irs attack is usually more important than at any one instant, Hence, the
analysis must be rereated for a sequence of firing times apprcpriately spaced throughout
each attack. Motion picture cameras provide a running record of the required data, as

described in Chapter A-2,

CONFIDENTIAL 7
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CHAPTER A-2

EXPERIMENTAL REQUIREMENTS

A-2,01., Measurements and Data., In using the transit-time method to determine the

errors in gun lead or gun pogition at a specified curret on a bomber in defense against
2 ottacking fighter, measurehents of the following quantities as functions of time during
the attack are needed:

(1) the direction in which the gun is vointed,

(2) the direction from the center of the turret to the target point;

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

(4) the bomber's attitude.

The following data which are not functions of time are also required:
(5) the bomber's TAS (true air speed);
(6) the bomber's altitude above sea lavel, cr 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 Manual, Chapter A-2,)
If the single-shot probability of a hit is desired, the following additional data
ar3 required:
(9) the size of the attacking fighter;

(10) the standard deviation ol the bullet dispersion pattern (assumed circular).

#* Sincs no bullets are fired in these "dry runs", the value of o 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.

CONFIDENTIAL ’
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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 cther
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 bouber,

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 PBLY-2 under attack by an F6F at
Armament Test, U. S. N. A. S., ‘atuxent River, lid. Equipment needed to obtain the measure-
ments described in Section A-2,01 has been installed in the lMartin forward crown-turret,
Erco port waist-turret, and Martin rear crown-turret of the PBLY-2. (See Fig. 2.01).

While 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-2.03. Turret Geometry. Before describing how the measurements are taken, it is

necessary tn define certain quantities and coordinate axes to which they refer. Figs, 2.02,
2,03, 2,04, 2,05 and 2,06 show the important relations.

On the Martin forward crown-turret the turret-axes ( XYZ in Fig. 2.02) are defined
to be a rectangular coordinate system having its origin O at the center of the turret,

its Z-axis coinciding with the turret's axis of rotation, its Y-axis perpendicular to 2
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and parallel to the bomber's plane of symmetry¥®, and its X-axis perpent ar to Y and
Z . Positive directions along X , Y , and Z are toward the starboard wing, toward
the nosé, and up, respectively, thus giving right-handed axes,

A given direction from O is specified by its azimuth ( e ) and elevation ( € ),
where o 1is the sngie between the +Y-axis and the projection of the given direction on
the XY-plane, and ¢ is the angle between this projection and the direction itself, (See
Fig. 2.03). &« is measured positively from the +Y-axis in a clockwise direction looking
down on the XY-plane; & is positive if the given direction is above the XY-plane and
negative if below, The units for measuring o , ¢ , and other angles are the usual degree-
minute system¥¥, and the intervals for « and & are 0° & o < 360° and -90° £ ¢ & 90°,

It should be observed that when this turret is rotated its guns swing around in
azinmuth (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 ir clevation as defined
above, The investigation in P14E Memo No., 40, "Note on Error in Lead Due to Gun Camera's
Displacement from Turret Center oi 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 crowm-turret. The relative positions of their origins were
found by surveyling the bomber on the ground ¥,

On the Erco port waist-turret it is cor.venient 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 hundredths would be preferable, but surveyor's transits
used in some of the calculations (see Section A-3.(C2) were not obtainable with such scales.

##+ See Drawing No. P14E~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). lhe turret's axis of rotation does not coincide with
the Y-axis, but fertunately it does lie in the Xi-plane (as closely as can be measured

by ordinary methods), making an angle, o , called the off-set angle®, with the Y-axis

(see Fig, 2.04).

The second set of axes ( XtYyZty in Figs. 2.C4 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 Zy coincides with Z , and Yi with the
turret's axis of rotation. This second system iz called the turret-—axes at the krco port
waist-turret,

The third set of axes ( XngZg in Fig, 2.06) at the Erco port waist-twrret is called
the gun-axes because il moves with the guns, Xg is parallel to the bore line of the two
guns (or of a chosen gun if they are not parallel to each other), and Yg is perpendicular

to Xg and parallel to the traverse plane, which is defined to be the plane of Xg and

Yy . It is the plane in which the guns move when rotated about their axis, Zg is per-

pendicular to botﬁ X, and Yg . The positive direction on Xg is toward the muzzle and

g
on Y_  1is toward the bomber's tail wher the gun is pointing along the beam. The positive

g
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-turret but with its origin at some other location on 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 bc.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 o« was found to be 8952' on PB4Y-2, A.T. No. 14.
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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 i
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 ard 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 inr the turret. Since
this scale turned out none-too-successfully, it was later removed, thus reducing ine

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 instrum:nt called tha deflectometer was originally

installed for the purpose of measuring the gun positicn on that turret, It utilizes gears #

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

sector on dials which are photographed in the edges of the 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 derlectometer-camera 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 directicn hnen an attenpt 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 assessed 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. AL first the gun-camsrs was boresighted, i.e., installed
with its optical axis parallel to the gun-bore 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 uptlical axis an appropriats amount in the expected target direction,

Fig., 2.08 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 the 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-cazmera, 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 betisen 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;
& 10-inch lens has a field of about 6 degrees, with an image size five times as great as
that of the 2-inch lens, 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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lens represents the 1limit in focal length with present aircraft speeds and ammunition;
with the 2-inch lens range determination beyond 600 yards becomes too inaccurate.,
The uwse 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 airhorne radar promise a means of raising the effective upper
limit to several times i.s present value. Radar has two advantages: (1) 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 a:d the problems of maintenance,

A-2.07. Bomber's Attitude: Gyros. It was mentioned in Section A-1.04 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 will 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 ary rotation of the bomber, except about the gyro's own axis, may be measured by
observing the apparent motion of this axis relative to the bomber. JSince a single gyro can-
nc. detect.rotations whirh 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-1 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 mountings and dials*, and Fig, 2.10(b)
shows an actual gyro installation. In the PB4Y-2, A, T. No. li, they were mounted under
the Martin 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 ere 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 cof 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 esseni.ial parts
and motions,

Referring to Fig. 2.12, where XYZ 1is a set of bomber axes at the center o{ 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-rotori#,
As shown in Fig. 2.10 the Y-rotor has only one dial, mounted paralle! 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 i§ 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 tc 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 fligh' gyro and the directional stabilizer
respectively.,
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parallel to the Xi-plane, called the pitch dial, without chaigi. .. the lais,

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 ot1er 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'Y'-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'Z'-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 sirgle 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, we state here the fact
that the rcll, 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-i.

In practice one needs a record of the roll, yaw, and pitch of the bomber as a functicn
of time during each attack as p.ovided by the gyro camera, and i¢lso 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 d&ials. 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., I1f 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 tle 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 Xy YpZp in Fig. 2.13 were rotated from the
bomber-axes XYZ through an angle Py 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 rotstion vertical with respect to the earth, whereas
the srecting mechanism for the Y-rotor brought it parallel to the Yp-axis. Hlence unless
Zp 1s a true vertical, the two rotor axes will not be aligned perpendicular to each

other., When the bomber is in level flight, 2 1is tilted back from the vertical by

# That in general the axis of the Y-rotor should be aligned parallel to I-axisc and not
merely parallel to the XY-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, 1945.
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angle P, , 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
PB4Y-2, A, T. No, 14, and in the tests conducted for F., C. No, 9, 14, 15, the extremes
being about 1° and 3° for 170 knots and 140 knots, respectively, with the load originally
carried, Hence P, was taken to be 2°18' in order to minimize the deviations of Z,
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-2.08 Gunner's Performance. In order to assess the gunner's tracking skill 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 mcount the camera so that it looks down on the back of a half-
silverecd 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 Manual, 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. 2.14). 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 Manual 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-<.UL, another estimate of the gunner's ranging was originally
given by the third RAZFL 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, 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 settine was
correct. The RAZEL range has further inaccuracies owing to lack of stiffness of available

pulley- and support-brackets,

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

on its Flight Sheets, a sample set of wrich is shown in Figs, 2.15-2,19, Together they

provide & log of flight conditions, equipment, end 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 rangirg and the calculation of the

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

also required for hit probability are ususlly 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 Surveyk., 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 the relative positions
of the points involved in the parallax correction. A preliminary test chowed trat 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 way be read from a projected image of convenient
size, the exact magnification being of no concern. However, in the case of gun-, sight-,
and target-cameras, which are used primarily to determine 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 which angles as viewed on tho

(flat) screen are identical with the corresponding angles as photographeds#, 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 test 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 true-angle point by trial. This procedure has been adopted

for the alignment of the data-taking and computing devices to be described in Section A-3,06,

* See Drawing No. Pl4E-32-2, "Installation in PB4Y-2, A. T. No. 14",

#% This theorem is proved in the Theory Manual, Chapter A-5.

CONFIDENTIAL 2

N —— —
= e




CONFIDENTIAL Sec. A

The first lens calibration-shols, or film test-strips as they are commonly called,

were made after the cameras had been irsteiled in the becmber, This necessitated an
accurate and rather arduous leveling of the bamber 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, torether with the desirability
of showing more than the one or two known 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 kanual-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-3.06 and in the Computer's Manual, Section F.
Nhen the bomber is on the runway ready to teke off on each flight, a check is made

on the installations as follows. Lkach 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®*, Unfortunately, however, the fixed reticle does not show in the

sight-camera, so tnat 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,
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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 range (see Section A-2.08). In practice, however, it
was found thet 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 detsrmine the conversion constant for the ranging-camera itself, which may be a
gun-camera, a ground test 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
rangee, This film was then viewed on the same projection system used to assess the actual
flight film and wing mcasurements were taken from the screen,

A-2.11 Synchronization., Hecalling 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 cameras 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 unit'will be included. For a detailed treatment
of the instrumentation involved the reader is referred to the Equipment Manual-Airborne
Installation,

The 35 mm and 16 mm 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. Lach camera was also equipped with two tiny incandescent laups
which exposed when turned on a small portion of the film, These were contrcllea by a
single timing source to give simultaneous fiashes (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 film 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, inserting the timing and cataloging marks, aligning the gyros, and
checking the ~peration of the equipment was installed at the observer's location, ffee;ng
the gunners from all responsibility for the opera*ion 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 2
one frame in the correspondence between time scales from camera to camera. At 24 frames
per second this uncertainty amounts to about ¥ 0,04 second, and at 16 frames per second
it is approximately ¥ 0.06 second., It will be shown in Section A-2,]12 that the time
tolerance under operating conditions is only * 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 4O 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. 1In order to
deteruine the best interpretation of the timing marks a bench test 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 oxposed in a particular attack. This test

formed the basis for the so-called total-attack averaging method, detaills of which are
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given in thre Tneory Manual, Chapter A-6, It yields conversion tatles 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 tolerarces 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 are specified. The
general method to te applied in suc an analysis requires first that the individual contri-
bution of an error in each step to the total error in the fiarl product be estimated. 1In
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 expariment is to be carried out.

If a formula is available for the desired quantity as a function of the varisbles
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 ars 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,

When 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 all 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
considersd to be normal distribution.®* In this way p , the probability thet the total
error will be less than any specified amount, can be estimated., If p 1is sufficiently
close to one, the individual steps may again be considered satisfactory,

The procedure outlined above can be .sed either to eatimate the total error from
errors in the various steps or to specify tolerances for the latter in terms of the for-
mer, unde! 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 errori#, and that the experimenval conditions of F.

C. No. 9 and 1 prevail, Since this result is computed as the difference between actual
and true gun directions, an error in either will sarry 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 agimuths, 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
normally 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 erreci, To

be safe, each should be considerably less, IFor example, if the radial gun-lead error is
desired to an accuracy of * 10 minutes (of arc), then each azimuth and elevation should

be held to, say, : 3 or 4 minutes,

Considering the possible sources of error in the actual gun direction when measured
by the RAZEL, it appears that the RAZEL scales should be scribed to an accuracy of £ 1
minute, they should have verniers permitting easy reading to * 1 minute, and they should
be photogravhed sharply with enough franes per second to detect significant variations
in the gun-direction., lixperience indicates that twenty frames per second are an adequate
and convenient number,

A1l graphs of azimuth and elevation must '~ accurately plotted on an ordinate scale
large enough to permit reading the curves to ! 1 minute and an abscissa time scale which
permits ready detection of the smallest time interval corresponding to an azimuth or
zlevation change of 21 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 14 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 700 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 ¥ 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

s 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 cbtained by applying tallistic corrections to the target direction at irjact
time, it appears in the first place that the target direction itself should te o rrect t
* 1 minute. Hence the computing instruments and procedure for calculating target azii uth
and elevation should be consistent with this required accuracy. If they are to te fourd
from gun-camera and RAZEL data, the relative tining of these two cameres should be known
to ¥ 0.001 second, as stated above, The prohlem 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 be correct to
? 0.001 second, which implies the same tolerance on time-of-flight. It in turn dejends on
tre range, muzzle velocity and ballistic characteristics of the projectile, relative ailr
density, bomber TAS, and 'irection of fire, However, only the first two juantitivrs are
critical. As for muzzle velocity, the standard for the projectile should be acce: tLed,
althouph it will actually vary considerably ~ith such factors as temperature and aye.
Since the API -8 projectile travels at an average speed of 8U0U to 900 yards per second
for ranges up to 1000 yards, the tolerance on range measurenents to give time-of-flight
to * 0,001 secona is no greater than X 1 yard,

As discussed in Section A-2.07, the attitude of the btomber-axes at impact tire may
differ from 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 OO, an error in yaw will appear as an equal error in true gun
azimuth, Hence the tolerances on the weesurements of and calculations with roll, yaw
and pitch should be individually correct to I 1 minute.

Finally the ballistic corrections which allow for the projectile's deviation from
a straight path should be accurate to M| minute, since they apply directly to the true
gun direction,

The preceding discussion of tolerances is not intended to be couplete in all detzils
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but rather to indicate the sort of analysis required, A more complete listing of «i.:.

sources of error in the F, C. No, 9 and 14 experiments will be given later.
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ChaFTiut  A=3

SUMPUTING  INSTRULENTS

A=2,01 lotivation for tne CithdLi, GLLUK, and PLALIL. 1n order to use the infcrmation

n the. relative positions of the target- and bore-points provided by the gun-canera film
it is necessary to oroject or view it in come fashion and take rieasurements from its

image on the screen. OUne way is Lo scale the positicn of the target with respect to the
bore-point in linear dimensions. Jince the desired data are usually the target azimuth
and elevation relative to turret axes knowing the pun azimuth and elevation, or vice
versa, additional computations, either numerical or graphical or both, are required., An
economy can therefore be etffected if these results can be read directly from the screen,
thus combining the measurements a° computetion into one step. An instrunent called the
CHADLYS (Figs., 3.0l4 3.02, and 3.03) has been constructed for this purpose and is described
in Section A-3,03. wathematically it merely perforns 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-1,04, 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 ({igs. 3.U4 and 3.05) has been built.

It is described in Section A-3,0L %, Like the CAADLE it perfoinns & rotation of axes, but
it has nore degrees of freedom and hence will handle more general rotations, as are
required in rcll, 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

The G-I pnomonic chart vrovides an alternate, praphical method of performing these and
othor calculat’® ns, See =0 No, 3%, "Ounomoric Charts", by A. A, Albert, and ANG-N
ho. 62, "ivanuwal for the Vst of “momcnic 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, Llethematically it performs the
translation of axes involved in moving from one position on the bomber to another,

A-3.02 Features in Common., «ith regard to their uses as calculating machines, the

CRADLE, GLOOK, and PLAX1E ail belong to the analogue type; i.e., they "reenact the crime
or set up in miniature a geometrical situation similar to that which existed 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 instrumer..
to keep this fact in mind and to interpret each step geometrically in terms of the corre
sponding actual situaticns in thle air,

The heart of each ot these three instrunents 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~2.03. A thorough understanding of the operation of a
transit is requisite to the successful use of the CrADLE, GLOCK, and PLAXIE. Therefore
the reader it advised to become faniliar with Section G of the Computer's wanual, 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, GLOCK, 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 PLAXIEK were first conceived to
meet special assessament needs. However, in view of the fact that they perform 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, inscfar as they
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apply to assessment problems considered to date, are included in the Computer's lLianual,

A-3.03 Theory of the CHADLE, To understand the manner in wntich the CH{ADLL is con-

structed and installed, consider the problem of assessing film from a boresighted gun-
camera mounted in a turret whose guns wove in azimuth and elevation*, Assume that the
optical center of the camera is at the turret center O (Fig. 3.09), and let its optical
axis have the direction O0G . Then suppose that the gun azimuth «_ and elevation &g

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

C and whose radius is some convenient length 0G ., The problem is to find the target
azimuth o and elevation & .

Now suppose that the film has been developed and is vrojected 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 1is 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
screem® With the picture in this position let the target point be marked on the screen

and the projector then turned off,

#* kxcept for the fact that the two axes of rotation do not quite intersect, the lartin
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-3,04.
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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 (° when
the telescope is pointed at the screen center, Also suppose it Lo be leveled so that
its elevation axis lies in a horizontal plane and its azimuth axis is vertical. In
this position the telescope will trace the imnage 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 O and the screen is imagined to be tangent to the sphere at C
instead of G and with AB 1lying 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 . One way to make it do so would be to nhold the transict fixed and
revolve the whole screen first through the azimuth angle o« ( and then through the eleva-
tion angle ¢, , 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 < and &, , respectively, if the telescope were pointed at
G (now the screen center), and the desired «,. and %y 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 constructin; 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 -¢¢ and about O in the
0GZ-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 axis through O

and parallel to AB , which is precisely what the CRADLE is design: ' to do, 7The 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 aijustment*, which
rotates the telescope in azimuth without altering the scale reading,

To meet the requirements stated above, the CRADLE possesses a transit mounted in s
swing or cradle (whence the name) permitting the whole transit to be rotated about &
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 perpendicular 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.

vhen 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 Manual-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 «, and the elevation scale
to read ¢, 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, Cauplete details will be found in
the Computer's Manual, Section H, together with the directions for sclving other problems

by means of the CRADLE,

It was assumed above that o, and ¢, were given, However, the CRADLE may also

# See Section G of the Computer'!s kLanual
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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 , o _, €_, substituted for G , « , and ¢ _,
respectively, after the film nas been properly positioned on the screen, This procedure
is useful, for example, in finding « and f_bwhen o __and €_ 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-2,05, 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 frcm such an otffset camera is considered in the
Theory Manual, Chapter A-7. If the offset happens to be an angle e in elevation only,
the CHADLE can still be used if © _ is replaced by & _+ e in the operations deucribed
above, Usually, however, the offset will be partly in azimuth as well as in e.evalion,

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 anot move in azimuth and elevation the problem
of an offset gun-canera will be handled somewhat differently. For example, a procedure
using both a CRADLE and a GLOOK has been worked out for an bErco port waist-turret whose
gun-camera is offset in the traverse plane only. The cstails are described in the
Computert!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 founad

in P1LE Memo 40, where it is shown that they are 1. -ligible for the cases commonly encounterec
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A-3.04, Theory of the GLOOK. The GLOOK, shown in Fig. 3.04, was first conceived

as a computing jnstrument to correct the measured o and &, for the unavoldable rota-
tions of the turret-axes XiYyZy 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 (U and fixed in the sense that
they do not rotate with the bomber but always remain parallel to their original directions,
which are taken as the directions to which gyros are initially aligned. Hence, these
fixed axes are called the gyro-axes XgYgZp . They translate with the bomber, keeping
their origin always at the turret center, but they do not rotate,

Now e 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 GLOOK 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 thz 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,YgZg-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 permits a rotation
of the rocker and transit about an axis (the saddle axis) through the transit center and
perpendicular to the rocker axis¥, Fihally, 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. .hen

# 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 (ase, except that the length of the partial circular bearings
restricts the amount of rotation possible.
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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 tiat rotations in spece are not commutative, i.e., rotations perfc-med
in one sequence are not in general equivalent to the same rotations performed 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 Z; and carries X, and Y; into new axes which will te
called Xé and Yé respectively, (See Fig, 3.10). In this set of rectaigular axes
Z[ is coincident with 25 . Next the roll takes place abuut Yé and carries Xé into

G

Xg and Zé into Zéf , where YS is coincident with Yé . Finally, the pitch about

Xg rotates Yg and Zg into new axes which must be Y{ and Zy respectively. Also
Xg is coincident with Xy . In passing it may be worih noting that the procedure just
described was used by Euler to derive the formulas for the coordinates of a point with
respect to one set of axes in terms of its coordinates with respect to a rotated set of

axes and angles equivalent to Y , R , and P #8t, The GLOOK eliminates the rather

lengthy calculations which would be involved in using these formulas,

# See, for example, Lamb, "Higher Mechanics", p.4.

% 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 Murnaghan, "Theoretical Mechanics", pp. 80, 8l.
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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 Z; coincide with the turntable axis and Y
initially with the saddle axis, and set the rocxer axis perpendicular to the turntable axis
by moving the saddie if necessary, so that X, 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 OO, the tranit must be levelled so that its azimuth axis coincides with the turn-

table axis, and its azimuth scale must be set to rezd at 0° with the telescope pointing
along the saddle axis in the positive I1; direction. Starting from this position, rotate *
the turntable through the angle Y . Since the rocker and saddle ride on the turn*able,

their axes will be brought thereby into coincidence with X! and Yé , respectively. The

G
transit azimuth axis will remain coincident with Z_, or 2! , but its telescope now points

G G

along Yé + The next rotation, %“he roll about Yé , can then be performed by turning
the saddle through the angle R , Since the rocker and transit ride on the saddle, the
rocker &xis will be carried irtc¢ coincidence with Xé' and the transit azimuth axis into
ZS . Finally, the pitch about Xg can be accomplished by turning the rocker through the
angle P , thereby bringing the transii azimuth axis into coincidence with 2 and its
telescope with Y; . 1In these three steps the transit is brought into position to read
azimuth and elevation with respect to the turret-axes,

The next step is to set the given -L1,and €, on the transit azimuth and elevation
scales, respectively, in 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 j
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 it about a

vertical axis through the transit center, For this purpose the GLOUK poasesses a ring
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(Fig. 3.04) 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 wit'iout

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-aimed 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
q 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
i 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 iumaterial
and may be determined purely by convenience, Since the telescope of th:2 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 telescones 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, '

CONFIDENTIAL 38




CONFIDENTIAL Sec. A

the auxiliary and GLOOK transits when the latter's azimuth axis coincides with the turn-
tatle 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 possitle,
suppose thit we try to set the roll on the rocker instead of the saddle, after first
aligning Y; with the rocker axis and XG with the saddle axis. As before, the yaw will
carry these axes into Y' and Xé , respectively, so that the rocker axis will now be in
the correct osositicn to handle the roll abuut Yé . However, since the eaddle is below
the rocker, it3 axis does not rota“e into XE during the roll, so that the saddle axis
is not carried into the corrsct position for the pitch, abich must take place about Xg .
Therefore, this arrangement is not permissible, However, thLe reader -hould verify that
it would have been correct if the specified order had been YPR instead of YRF . In
that case the only other change 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 alipgning the transit in other ways initially, it is possible to use
the GLOOK in any of the other four orders (PRY, PYR, RPY, and KYP). 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 K, or YG . 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 ncw constructed, the rocker and saddle motions are limjted to 90°
or less on each side of the transit!s level position, Hence vo 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 sinilar to that on
its upper azimuth ring., Then yaw, which is last in order, would be set on this scale
instead of the turntable,¥

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 knovn with respect to the turret-axes at the corres-

ponding inpact-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 valiuec
ot BN s B RA SRR L. and £ at impact-time, Then the GLOOK is reset to the values
of Y , R , and P at firing-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 screen (Fig. 3.05). For this purpose it must be aligned in a jianner similar to that
employed for the CRAD'.LL (Section A-3,03). In fact, it can be used to perform the same

functions as the CRADLS 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 SEMI-GLCOK mentioned
in Section A-3,03,

Because cf its versatility in handling general rotations, the GLCOOK 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 other problems in which the GLOOK has been
used to date are given in Cection I of tiue Computer's Manual. Routines for other problems

involving rotations of axes can be worked out as needed.

% Certair. additional modifications in the procedure would aiso be required.
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A-3.05, Theory of the PLAXIE. It has been stated above that the CHADLE and GLOOK

are designed to handle problems involving rotations of axes without translations, since
these instruments keep the transit ceanter, 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 erample of this kind of problem is shown in Fig. 3.11(a), where OL} and
€., the azimuth and elevation respectively of the target direction O'T , are assumed
known with respact to bomber-axes X'Y!'Z'! with origin at the optical center of one of
the tri-cameras, The azimuth and elevation, < &nd t. 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, ¢) of 0' with respect
to the XYZ-axes are determined, and from them the corresponding spherical coordinates

(hy « , &, ) can be easily computed, using the formulas,

h:wazﬁbzb 02

tan « = a/b

sin ¢ = c¢/h ]

where care must be taken to put « and & in the proper gquadrants, Assumning the bomber
to be a rigid body, these quantities are all constant. Also needed is the range r of

T from O or O' , 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 OO'T of
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Fig. 3.11(b) similar to the triangle OO'T of Fig. 3.11(a). To this end it has a transit
mounted on a block which can bs slid along an arm which can be inclined at the angle €,
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 0'0Z-plane*, 1In this position the transit will read correctly the azimuth
and elevation of its telescope direction with respect to axes paraliel to XYZ .

Like the GLOOK, the PLAXIE installation (Fig. 3.07) includes a narrow curved screen,
whose center line is a circle with center at O and radius £ (Fig. 3.11(b)). The next
step is to locate the transit center at 0 , by sliding the transit along the arm 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 «_  and &, , but first the point
T specifying the target direction mnust 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 % ., From thesimilarity of the triangles it
follows that d/f = h/r , so that d = K/r where K a h{d , Since K is constant, d
varies inversely with r .,

With the transit center at (! , its azimuth and elevation scales are set to read
o' and &5, 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 (¢ until the telescope crosshairs rill on the screen

ctice this alignment is accomplished by setting «, on the azimuth scale and then
the elevation and lower azimuth adjustments to point the telescope at a line scribed
aiung the center of the arm, Thereafter the lower azimuth adjustment is not altered.

##% The details of this adjustment are described in the Equipment Manual, Ground Installations,
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center line, This point [ (Fig. 3.11(b)) is then marked, again most conveniently by an
auxiliary transit (Fig. 3.07), after which the transit is slid back to ¢ , the telescope
re-aimed at T , and the desired <&__ and €, read from its scales. Thus the parallax
correction problem is solved for a given instant of time. The procedure may now te re-
peated for other times, where r , d , a' , and ¢! will in general be different. Note
however, that the settings for « and %, and the constant K are fixed for a riven 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 O , and the azimuth and elevation at 0' are desired. An example is
the problem of parallaxing target data from the iartin forward crovn-turret: to the Erco 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 0O' , 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 OO'T of Figs, 3.11(b) and

3,11(a). This implies that the center 0O of the curved screen must correspond to vhe

point on the bomber frou which range is given,

It must be emphasizea that the PLAXIEK 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 PLAXIL is now constructed. I1f it were equipped with an
attachment for measuring the distance # from 0' to T (Fig. 3.11(b)), r' could

be calculated from r' -r i/t .
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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 practics the side h of triangle 0O0'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 r' can be obtained without
elaborate calculation. This topic is discussed in the Theory Manual, Chapter A-8, w'ere
tables of this correction for particular paraliax problems are given,

The step~by-step procedures for some specific PLAXIE problems are given in the Computer's
Manual, Section J.

A-3.C6, 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 equipment, so that they are properly the responsibility of the maintenance crew,
The remainder, including the location of the framin; , 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, cleer, and entirely on
the screen#,

(5) The cradle axis is hor.zontal and parallel to the screen, i.e., this axis
is parallel to the horizontal screen line through the screen center,

(6) dhen in operating positi.on, the CRADLI'S trarsit center iies 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 which permits it to be translated along its optical axisi#¥,
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
Installatiens,
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 oy moving it along :ts i
optical-axis (Fig. 3.03), so that the process really involves bringing the true-angle point !
into coincidence with the transit center rather tian the other way around, The following
sequence of operations shows how this can be done:
(1) Sterting with the CRADLE in operating position (Fig. 3.02) and its transit
reading O in both azimuth and elevation whun the telescore pointe 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 shnuld accompany the angle-shot film), Each angle will thus

# For 35 mm film photographed with a 2 inch lens and projected with a 3 inch lens, this
projection distance should be abouvt 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 p-oved
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 fram 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

same way that the corresponding target was designated on the photo target-
range,

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 make 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
douttful 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

(&)

(5)

of the picture as required until the images of the targets coinci<e with
the corresponding target points marked on the screen., 1In this process tho
picture must be kept in as sharp focus as possible. It is worth a liti'3
extra time and effort at this stage to get the best focus, since it must
not be changed hereafter,

Carefully tighten the focusing set-screws and the lock-nuts which clamp the
projector to its tase, Alsu mark this projector rosition, so that it can be
reset without repeating the angle-shot procedure, Check the position of the
picture on the screen Lo be sure that it has not changed,

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 tne
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 used to test film
shrinkage if the process is repeated from time to time,

Having used the angle-shots to locate the projector properly, the frauming-marks (3ec-
tion A-3.C3 and Figs. 3.02 and 3.03) are put on the screen in the fullowing steps:

(1) Project onto the screen the level-shot film {Fig. 3.13) for tie particular
lens and camera, say a gun-camera, under consideraticn., This film shows a
picture of the horizon taken when the turret azimuth ring, i.e., the XY-
plene was level and the guns were approximately level. Hence the horizon
will appear near the center of the picture aithough not necesserily passing
through it, The image of the lorizon only specifies a direction on the pic-
ture wnich must be parallel to AB (Fig. 3.09) since both are parallel to the
XY-plane,

(2) notate 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
intcrvals, are better than a solid boundary, beczcuse 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 hore-point on the screen should now be 3t its
center, 7To 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 [ilm is the position-shot and is used as f3lluws:

I # Photographcr's binding tape has been found more satisfactory than ordinery friction
tape for this purpose, since the former does not gum up the screen.
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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 SiutI-
GLOOK is required,

The alignment of the C«ADLE and associated equipment is now cemplete., Film from the
camera arnd 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 assessed* 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 focusirg
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 caweras, such as
the tri-cameras, are described in the Equipment Manual~-Ground Installations. Attention

ould 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 descrited there, is & condensed version of the improved metrod discussed
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 minimize
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

orerators exercise great care in handling the instruments, rugged as they may appear. The

* wore than one set of framing-warks may be left on the screen as long as no confusion will
result therefrom, Twu sets are shown in Figs. 3.02 and 3.03.
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following seven commandments deserve 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 wust not be allowed
to rest on the transits,

(2) Do not bump against any piece of equipment. Itsalignuent 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) W#hen tightening the various clamps, set-screws, and lock-nuts, do so gently
and smoothly, Jamming them home will cause distortion and excessive wear,

(4) vhen bringing a CRADLE or ZLOOK into operating position, ease it against
the stop-screw gently, It must not be brought up with a sudden bump,

(5) Do 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 Procecure
(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 1
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should make all repairs, unless specific permission to the contrary is granted. However,
it will be advantageous for the supervicor to be as familiar as possible with the align-

ment ana maintenance procedures described in the Equipment llanual-Ground Installations,
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CHAPTER A-4
PRELIMINARY PROCESSING OF FILM

A-4.0l, Care in Developing, Handling, 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 particular 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 io 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 must 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 conditirns 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 inspeétion 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 are missing, the persons responsible should be
consulted at once in the hope that it can still be obtaine.. If some films are missing
or not usable, the supervisor must decide whether data from other films can be success-
fuily substituted or whether the flight will have to be reflown. 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 enoﬁgh frames on the various films for a
given attack to provide a convenient reference 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 important for frame number OOl on each film. It represents zero time,
s0 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 proceased 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.

A-4.03. Synchronization of Films., Before the data taken from different films can
be correlated, the time corresponding to eacir 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 way of obtairing such precision
were treated briefly in Section A-2.11.

For film from cameras controllsd 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 A-6, and amounts in practice to finding ths 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 OOl is given by t = ni , where t should be listed to the nearest thoﬁsandth of
a second. This simple calculation ylelds the desired conversion table from each frame
number to its corresponding time for the film and attack under consideration. A consequence
of this procedurs is 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 mm 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

2/, frames between the second and third marks, the ones t.0 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 ard 201 would be separated by only one frame, viz., 123, On the other
hand, if an extra frame were present, it would be number 125 and would also be read, aince

it is the third frame beyond 122. Then 201, which is adjacent to 125, would be the next

* A knowledge of the length of each pair of intervals to the nearest thousandth of a seccnd
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frame read. All such irregularities must be carefully noted, marked with an asterisk,
and taken into account in computing the entries in the conversion table. The supervisor
should check 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
DETATILED PROCEDURES FOR THE

MARTIN FORWARD CROWN-TURRET (F. C. NO. 14)

A-5.01. Purpose. The assessment of a particular turrst requires the analysis of data
from recording equipment by means of reading devices, computing instruments, arithmetical
operations, and graphs. The -heory for such an assessment, the methods for gathering the
data, and the motivation for the various computing 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 nct toodifficult 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 PB4Y-2, A. T. No. 1L, 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 deter.mnine the flight path of a particular fighter attacking a
bomber is i.reated 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 vossible, although

* In addition, a simplified Flow Chart for F. C. Nos. 9 and 14 is shown in Pig. 5.11;'
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individual operetions can be explained as separate problems when needed. Specific direc-
tions for the computers' use are stated on the sample form sheets which are reproduced

in the Computer's Manual as well as here. They do not attempt 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 explic!itness only the most satisfactory inethod

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 14. In the experiments designated by

F. C. Nos. 9 and 14 the PB4Y-2, A. T. lio. 14, was flown on a straight, level course at a
constant speed of about 140 or 170 knots and at an altitude of about &000 feet. Gunners
in the Martin forward crown- and Erco port waist-turrets used their Mark 18 sights in
similated 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 crom-turret, the gun- and sight--camere.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-
turrat 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 RAZXL film,

# Tri-camera data were generally not available and were never used in the assessment,

#3t Form sheets bearing numbers below 10 are obsolete,
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Cols 10-A ana 10=}{#, The numbers of the frames to be read are listed in Col 10-A.

In peneral every third frame is sufficient, except where the turret motion is very
fast, in which case it may be desirable to read every frame. Next, ithe time corres-
pending to each entry in Col 10-A may be read from tlie proper conversion table (sce
Section A-4.02) and recorded in Col 1C-H, or this step may be postpcned until the
entries in the rest of the columns are complete.,

Cols 10-B, 10-C, and 10-D. As each frame of RAZEL film is viewed, the readings

from the azimuth and elevation scales are recorded in (-ls 10-C and 10-D, respectively.
If a RAZEL range scale 1s present, its reading may be recorded in Col 1l0U-B. since the
azimuth ani elevation scales were marxed only every 30 minutes, without satisfactory
verniers (see Fig. 2.07), it was impractical tc attempt to read them closer than about
I 3 minutes. Until these scales are improved, this is the working tolerance. To
minimizc 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 nmuch as the prescribed
tolerarice,

When the turret is turning at a high rate, the lines on the azi:uth dial will
blur into bands, w~hile 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 nwibers.

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., liowever, it is known

% To denote each column it will bs convenient to write the form number followed by
the letter for the cclumn; e.g., Col 11-G means Colum G of Form 11l.
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that the azimuth scale reads 2 degrees low because the index was intentionally noved
that amount to center it on the film. Hence 2 degrees should be added to Col 10-C,
The result nay be recorded in Col 1lu-F, but if this is the only correction, it is
easier to add the 2 degrees when the gun data are plotted (sze below),

A more serious source of error is the non-uniformity of the half-degree spacings
on the turret scales. A check on the azimuth scale has revealed errors as large as
9 minutes at one point but not exceeding 6 minutes elsewhere®., These errors have
been indicated on the scale itself, but since there is some uncertainty aosout 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 1C-F,

Possible scribing errors on the elevation scale are not known. ihen 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 s omitted.

P1O-F and P10-G##, The gun data (azimuth and elevation) are graphe. tc provide a

visual check and to permif. graphical interpolation if required. Detailed instructions
for scales and conventions for labelling which have been found satisfactory in practice
are staved in the Computer's Manual, Section L. A sample working graph, reduced from
its original 21 x 33 inch size is shown in Fig. 5.01. Any points 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. Comdr. ®R. J, Teich from W. R. Payne, S 2/c,
‘and L. L. Pokorny, S 2/c, dated 20 Sep 19.L.

#% P before a colum 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 replaces the straight-line graph; e.g., S11-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 frejuently from the necessity of synchronizing the gun
data with the gun-camera frames, as will be discussed in Section A-5.04L. Because the
gun motions are relatively rough or capable of fairly rapid changes, smoothing of gun
data is not considered justifiable., This leaves the interpoiation 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 HAZFL- and gun-cameras. In passing it should be noted that this difficulty
is absent in the case of deflectometer 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 {rom measurements on the boresighted gun-camera film.

Cols 11-A and 1ll-H. The numbers of the frames to be assessed on this ..lm,

generally every third, are listed in Col 11-A and the corresponding times from the

proper conversicn table in Col 1l-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 cnly for the simplest case where

the rangz 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. 1lhis
formula has been found to bs satisfactory in view of the accuracy to which the screen
lengths can be measured in practice. The proportionality constants, K; and K, ,
are to be found from test films which show the target at known ranges; these pictures
must 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 1/50
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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
avold the contradictory lighting conditions invclved 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 tumn
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. ‘hen 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-3.03 and
A=2.06). Then the screen lengths are scaled as described above and the target point i
(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 f{rames 1
in the "Bore-Foint to Target-Point Operations". (3ee the Computer's lanual, 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 IAZEL- and gun-cameras are correctly synchronized, Cols 10-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. An altsrna-
tive to Case 2 which is sometimes convenient is described in sSection A-5.06.
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Pll-F and Pll1-G. The target data are graphed for two reasons: to check the

CRADLE computations and to permit smoothing. In orcer 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. Ixperience shows that target
data can be expected to be quite smooth unless the bomber experiences sudden roll,
yaw, or pitch. Target azinmuth and elevation graphs should be obtained in acceptable
form before the CRADLE computation is considered complete.

S11-F and 511-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 practics to be successful.

Cols, 11-C and 11-E. Having the values of K; 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, HRange 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 ransging provides a check, but it should be
noted that the accuracy is gre-zler the longer the base-~line on the fighter. On the
F6F this means tliat better results will be obtained from the wingtip lights than from
tiie marks, which are only about half as far apart as are the lights. GSince the lights
are also generally visible at a longer range, the marks are often disregarded.

P11-C and S11-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 struight. Actually

it is in general slightly concave upward, especially at short ranges (see Fig. 5.01).
Ii: pructice, 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 maximuw.
However, recent improvements in the winglights have resulted in range curves which

are themselves smooth out to about 800 yards.

Pll-E and Sl1-E. If measurements of wingmarks are to be used instead of or in

addition to the lights, the same procedure applies.

A-5.05. Form 12. This sheet is used to calculate the bullet time-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 c-rrespond

to the gun-carera frame nunbers 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 (S11-C or S11-E, S11-F, and S11-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 (1) of AMP Memo No. 104.1 (see sSection 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 aircr;}t, 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-11) of AMP Memo No. 104.1. However, its
maximum value is about 0,007 cos z seconds, where 2z 1is 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 2z 1is 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 effcrt must be made to
plot, smooth, and read the range graph with the greatest possible care. A good check
on Cel 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-cff,
€ , is not critical, errors up to 2 degrees being negligible for ranges ocut to
1000 yards. Hence, for convenience © 1is listed only to the nearest degree in Col 12-C.

The theory of the transit-time method (see Chapter A-l and Fig,1.01) implies that
€ 1is given by ﬁhe 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 © may be computed from the formula®* cos © = cos a cos e , where

a = azimuth and £, = 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 €  need be read only to the nearest degree. If £y is small, a

may be used for © , thus making it possible to tabulate © directly from the tar-
get azimuth working graph and to omit Cols 12-G and 12-H altogether. Also, if Cols
12-B and 11-H are identical and if the smoothing did not alter « and £ nore

than about 1 degree, Cols 11-F and 11-G may be used instead of Cols 12-G and 12-H for
finding © .

Col 12-E. A mcie complete 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 © . 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 (,05-second and ©-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 0.0l 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 0,00l-second
in the interest of getting a smooth curve,

Col 12-F., It was inferred above and should be emphasized again that thé range

used in the time-of-flight table is the distance between the moving gun platform and

¥ The angle © is the hynotenuse of a right spherical triangle whose legs are a
and £, o 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 these 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 S512-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 befcre 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-5.05). 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) will not be
evenly spaced. In particular it is only a coincidence if they correspsad 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); these are designated as final firing times and are listed in Col l4-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 convsnient, the gun-camera times, instead of RAZEL times, may be
chosen for final firing times. Then Col 1l4-A is identical with Col 11-H and Cols 1l4-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

tiues 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.

CONFIDENTIAL *



CONFIDENTlAL Sec. A

at the former may be corrected for ballistic deflections, as described in Section A-5.12,
and then compared directly with the gun data 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 S11-G, respectively, at the times of Col 13-A, and the phrase "corrected
for RYP" is deleted from the headings of Forms 13 and 14. Since the target data are rela-
tively smooth, this graphical interpolation is justified.

Usually, however, the zyro 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 Theory 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 misaligiment and offset of the gyro axes, as wsll 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 £ilm (Fig. 2.11) gre 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 colums. It should
be noted that the range of angles scribed on the gyro dials is within the intarval

from O 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. BEach 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 shoul¢ 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 subtracted 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 P, = 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 P2l-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. 5.05). The data can be expected to be smooth, but in practice they

usually change so slowly that the straight-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. Forr: 22. This sheet was designed for use in converting the corrected gyro
readings into the corresponding GLOOK angles in the order YiP (see Section A-3.04) 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 produce a negligible effect if Cols 21-F,

{ 21-H, and 21-J are all within 4 degrees of O or 360 degrees. JSince the gyro data in
| F. C. No. 9 and 14 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 i1s used to provide the data needed in using the GLOOK
to correcﬁ 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 511-F and

S11-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

L colums, from left to right, agree with the order in which the data are set into the

scales on the GLOOK 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 P21-J at the times of Col 23-A
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and recorded in Cols 23-F, 22~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 25-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 Computefis 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 O degree, the principal part of the correction
to Col 23~C is the difference in yaw, Col 23-F minus Col 23-K.

(2) When Col 23~C is near O 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 (Saction
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 O 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 degreesdt,

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 * 3 minutes when the differ-
ences are each no larger than about 10 minutes, the roll, yaw, and pitch are within
¥ 3 degrees of zero, and Col 23-B is within * 15 degrees of zero. #hen Col 23-C is
between the values listed in conditions (2) or (3), the correction to Cocl 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 GLOOK. The checks themselves can sometimes be used in place
of a GLOOK 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, ard 13-F has already been dis-

cussed (sce Sections A-5.07, A-5.08, and A-5.11). The remainder of this sheet is used in
correcting the target direction for ballistic deflections ip order to get the true bore-
point, i.e., the azinmth and elevation of the direction in which the gun should have been

pointing at firing time in order that its projactile would score a hit at impact time.

Cols 13-D ancd 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 O 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
giver 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 DOFOGRAPHS, which give Aa/Y and 0¢f/T , the sum of the respective components
of both gravity drop and trail angles per unit time-of-flight (see the Theory lanual,
Chapter A-3). A sample pair of DOFOGRAPHS is shown in Fig. 5.06. Note that a
different pair is needed {or 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 DOFOGRAPHS 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 DOFOGRAPH 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 o , 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 colum.

Col 13-G and 13-H. Multiplication of Col 13-F by Col 13-D yields the azimuth

ballistic deflection Aa and by Col 13-E the elevation deflection &¢ , 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
with respect to the (moving) turret axes, caused by its slow-down. This effect hus
also been called the "trail due to relative wind" (see AMP Memo No. 104.1).
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Cols 13-J and 13-K. Stated more precisely, the DOFOGRAPHS provide the following

information. If o and ¢ 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 oa/T and &/T 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 ¢ with which
the DOFOGRAPHS are entered should be the true gun boreline az.muth and elevation, i
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 &« and €& .
This being the deflected direction of the projectile if a hit is scored, the second
approximation for the desired a 1is given by subtracting Col 13-G from Col 13-B,
and for £ 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 uged as entries
in the DOFOGRAPHS for obtaining refined values of Aa/T and £4¢/T . In practice,
however, the second approximation is usually sufficient, since Aax and & rarely
exceed 1 degree and are essentially unchanged when » and € 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 ba/T and l

Ae /T with changes in a and ¢ . These matters are discussed in greater detail
in the Theory Manual, Chapter A-3.
A-5.13, Form 14, The use of Cols 1l4-A, 14-B, and 14-C was treated in Section A-5.07.

The remainder of this sheet is devoted to the calcvlation of component and radial gun lead
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errors., Since the true gun direct o>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.

Cois 1/~D and 14-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 3 a positive elevation error means that the gun was pointed too high, and
a ne azim ~or means that its azimuth was too low at that firing time. i
Note that the la rplies that the gun was too far toward the tail on a port attack i

but too far toward the nose on a starboard attack.

The component gun errors are found by simply subtracting Col 13-C from Col 14-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 colums 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 gunnery parlance it is customary to measure
comparatively small angles in mils, & much-abused term since one mil may mean a milli-
radian (0.00l radian) or arc tan 0.001 or a circular mil (1/1600 of 900), to mention
some of its common definitions. Although they are not equivalent, the various mils
are nearly equal. In standard Navy usage, the mil means arc tan 0.00l1. Since

1 milliradian = 1.0000003 Navy mils, for practical purpeses the latter may be re-
placed by the milliradian, which is desirable because standard tables for converting

degrees and minutes to radians, and therefors 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 FPhysics",

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:
0G is the actual gun bore-line and OT'T the true gun boreline, Then a, - %4

is the azimuth error and €, - f; is the elevation error. The radial error is, by

def .nition, angle GOT' , which can be found exactly by solving the spherical triangle
GZT' for the side GT' = angle GOT' , where the sides GZ = 90° - €; and

T2 = 90° ~€, and angle GZT' = &, - a, are known. In practice, however, e, and

€, are nearly equal and ®, = o 1s 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 formulai:

Angle GOT' = V(EG - €)% 4 (g -0.)2 cos? .

The quantity ( ag = ar) cos g, is called the traverse error. It and the elevation
error form what amount to rectangular components of the radial error, whereas the
azimth 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 l4-H. It can also be found from the
radial error chart (Fig 5.07), which was designed to give Col 1l4-J 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. "Rad" 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 AMG-N No. 50, page 65, Cos &, may be used instead of ¢
cos €, if desired, since the formula is not sufficiently accurate unless €, is
near gnough to e, to make the effect of théir 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 R, "Scatter Bombing
of a Circular Target", by H. H. Germond and Cecil Hastings, Jr., or in graphs constructed
therefrom. Form 27 provides colums for recording the various steps in this process and
the results. The details will not be discussed further here,

A-5.15., Form 15. 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 15-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 RAZEL films,.

Cols 15-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-3.06), 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 imape
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 Mark 12 sight the latter consists of a center
aiming-pip surrounded by six ransging-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. OSince
the gunner uses the inside of these pips in framing the fighter, these measurenments
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 1s advisable te record
whether the gunner was overranging (reticle diameter smaller than wingspan) or
underranging (reticle diameter greater than wingspan), noting especially all points
of crossover from one to the other,

Before proceeding to the next frane, the target and sight points are marked on
the screen, as will be described in Section A-5.16.

Cols 15-F and 15-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 K3 for this comprtatior is found from the
so-called ranging shot, which should fcllow the boresight shot at the beginning of
each flight. It shows the reticle wher set at a specified range, r, , preferably

its minimum of 200 yards, and a specified wingspan setting, w, , preferably at its ]

maximum of 120 feet, in order to get as large an image as possible for reasons of

accuracy. The constant K3 is computed from these data and th: measured reticle
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, cn the screen by means of the formula K3 = K3'w , where 1

diameter, s,
K3' = rosu/wo and w 1is the wingspan setting during the attack (42.33 feet for
the F6F fighter's winglights)., This formula is basically the same as the one for
actual ranging, #hich is derived in the Theory Manual, Chapter A-2%, 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 15-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 S11-C at the times of Col 15-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 1%-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 overranginz. 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-E, 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-M 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 K3
by using it to compute the actual range from wipnglight measurements on the sight
film and then comparing with the range from the gun-cemera film. Discrepancies
may be due to incorrect settings for r, , W, , or w .
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case where the sight range is employed. A similar percentage can be calculéted

from the RAZEL range, if desired, by merely substituting 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-5.04), 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 Sl1-F and S11-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 elewation, but only the difference in azimuth
appears, This being the case, the construction of the transit and CRADLE permits
the starting azimuth ( 0y ) to be prescribed at will without altering the results,

which means that the target azimuth need not be read and Col 16-C can be omitted.
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Marking Target and Sight Points. 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 must 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 = T in Col 16-F to indicate that the sight and target points
coincide. Since the measureme..is of the reticle diameter, which ar~ 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.

‘Yhen the sight and target points do nct 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 S 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 rotaticnal 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 CHADLE transit in azimuth or
elevation only.

Cols 16-F and 16-G. Unless they become tuo 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.
WNhen 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. 4), entering with Cols 16-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, rieeded in finding the trave;se 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 actuel 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:

1l. 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
3. Sii;:é range and input (sight) range, for comparison.
For ready reference, a range scale it intervals of 100 yards was superimposed on
all abscissa time scules, 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 WAIST-TURRET (F. C. NO. 9)

A-6.01, Dependence on Target 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 HAZEL. Hence it was necessary to obtain basic target data from some other location on
the borber, 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 1is ordinarily omitted.
Col 18-F. In Section A-3.05 the position of the ITAXIE transit on the arm was

shown to be given by d = K/r , where K = hf ., For this parallax problem h = 10.9

yards and Q= 60 inches, so that K = 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 «, and &,
(see Section A-3.05) and that the computers set the given data into the PLAXIE when
the transit is at O (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 X are measured in inches and h and r in yards.

CONFIDENTIAL 3




CONFIDENTIAL Sec.

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 1line 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 frame times (see

Section A-6.03).

A-6.,03. 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 uaed 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 GLOOK operations involved are given in the Computer's

Manual, Section I, GLOOK Problem No. 2.

Cols 19-A and 19-B. The Erco gun-camera frames to be assesssd, generally every

other one, are listed in Col 19-A and the corresponding times ohtained 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. 2.0l (b), it is usually offset a few degrees toward the nose of the bomber in

the traverse plane (the Xng—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 mm 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 I1I, the following

facts should be kept in mind:

1. The vertical tumtable axis on the GLOOK represents the cocincident Z-
and Zy-axes of Fig. 2.06.

2. The Yi~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 2, .

4. The Y-axis is also always horizontal and, since it differs from Y, by
the offset angle § , the ring is rotated through § 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., 1! iuplicate: * orientation
of the CRADLE transit's telescope when Lhe data were . from 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 1l4-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 be omitted.

A-6.04, Forms 12, 23, 13, and l4. Having obtained the basic target and gun data, both

w*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 @ , 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-

CONFIDENTIAL g6




CONFIDENTIAL Sec. A

fore is a function of © 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. 5.05) under the assumption that the bomber rolls,
yaws, and pitches as a rigid body. In other words, fuselage deflection is assuued 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 511-G and S11-F.

There is no change in the method of handling Forms 13 and l4.

A-6.05. 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, K5 for converting Col 15-F to Erco sight range is probably not quite
equal to K3 , due to variations between the lenses. However, K5 is computed in the
same manner as Ki (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 S11-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 © may be taken
from Col 12-C. Even though Cols 15-B and 12-B dc not agree exactly, they will usually be
near enough to give © as closely as required.

On Form 16 the chief difference is that both target and sight points ave 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 befors, 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 discussions 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 must 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 bacxwards.

6. Check all computing instruments before they are used to be surec that they
are in satisfactory adjustment 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 i
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 1
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 run.

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 17. This sheel is for use 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 a; , ‘e;) , and the conver-
sion constant for computing d , and for listing locations at whiéh 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. OUne 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 Martin 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

f 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 corresponcing 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 AMG-N and 4
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 14 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,

%+ See AMG-N No. 47, "A Modified Computation Frocedure for Camera Bomber Sight Assessment',
by A. A. Albert.
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It would be more natural to place the time colums on Form 10 and 11 next to the
f respective frame number columns instead of at the right as at present.

On Form 11 it would be desirable to provide columns for the gun azimuth and eleva-
tion in the case where they rust be read from P10-F and P10-G at the times of Col 11-H.
This would eliminate the possible need for a separﬁte sheet fcr these data, as mentioned
in Section A-5.04.

Other revisions of existing form sheets and drafting of. 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. § and 14 is included for completeness.
It must be emphasized that they apply only to these particular experiments as anéiyzed 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 F&F, A. T. No. § = 42 ft 4=1/8 in.
Distance between centers of wing-marks on F6F, A. T. No. 5 = 24 ft 5-1/2 in.
Offset angle, & , of Erco port waist-turret's axis of rotation on PBLY-2,

A. T. No. 14, = 80 52' in the negative azimuth direction (Section A-2.03).

Flight angle, P, , for gyro set No. 1 = 20 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 mm projector to screen in Bay #1 = about 150 inches.

Distance from CRADLE to screen in Bay #2 = 100 inches.

Distance from 35 mm projector to screen in Bay #2 = about 150 inches.

Intentional offset of RAZEL azimuth index = 20 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 (yardss, Ky = 1400 (Section A-5.04).

Ranging constant to convert F6F, A. T. No. 5, wing-mark measurements (inches)
on the screen of Bay #2 to range (yardss, Ko = 809.

Ranging constant %o convert diameter (inches) of ﬁk 18 sight reticle on Martin
forward crown-turret, measured on the screen of Bay #l, to sight range
(yards), K3 = 716.8 (Gection 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),
K. = 706.1 (Section A-6.05).

Distange between centers of Martin forward crown-turret and Erco port waist-
turret on PBLY-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 Irco port waist-turret, as:= 185° 39' and €, = 5° 48

(5ections A-3.05 and A-6.0Zj.
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Constant to convert range (yards) into distance (inches) which PLAXIE slider
moves for the above parallax problem, K = h& = 654, where h = 10.9 yards
and R = 60 inches (Fig. 3.11 (b) and Sections A-3.05 and A-6.02).

A-7.06, List of Known Erre~rs in F, C, Nos. 9 and 1lk. The terms "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 thre
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 magnitudes,
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 improvement. By far
the most 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
Synichronizing various films 0.04 second
Reading RAZEL scales 6 minutes
Scaling wing distances 0.02 inch
Using simplified range formula 1l 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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Estimated
Source of Error (continued) Maximum Magnitude (%)
Smoothing range curves 2 yards
Reading fram ppsition curves (on regular scale) 1 minute
(on donble scale) 2 minutes

Reading from range curves 1 yard
Interpolation in gun data (depending on curvature of gun

data curves) 6 to 12 minutes
Setting and reading transit scales 1 minute
Basic alignment of CRADLE, GLOOK, PLAXIE 3 minutes
Locating true angle-point 1 minute
Locating framing-marks on screen 2 minutes
Centering film on framing-marks 2 minutes
Marking target-, sight-, or bore-point 2 minutes
Aiming telescope at scieen points 1 minute
Setting 2nd reading GLCOK scales 0.5 minute
Calculating bullet time-of-flight (if range is accurate) 0.005 second
Calculating bullet time-of-flight (effect of range error) 0.001 sec/yard error
Plotting time-of-flight 0.001 ;econd
Smoothing time-of-flight curves 0.001 second
Reading from time-of-flight curve 0.001 second
Reading gyro scales 0.5 minute
Plotting gyro data C.5 minute
Reading from gyro curves 0.5 minute
Ballistic deflections from DOFOGRAPH 0.5 minute
Scaling reticle diameters 0.02 1inch
Parallax correction of range 0.5 yard
Parallax correction of position (effect of range error) 1 min/yard error
Fuselage twist unknown*
Film Shrinkage unlknown®

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. P1lLE 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/B second. Two persons are assumed to be

working together on all CRADLE and GLOOK operations, which is more efficient than having

# But probably quite small. 7
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only one operator. One or two persons may be employed on th: PLAXIE, the total man hours

being about the same either way.

F. CQ No. 1

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) L
Gun lead errors 2
Range errors 3
Tracking errors - 5
Final form 6
Checking 15
TOTAL 70

% ° Fo C . NO [ 2

(assuming target data available from F. C. No. 14)

g QOperation or Step Man Hours per Attack
Inspecting, Editing, and cutting film I
Coastructing 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) L
Gun lead errors 2
Range Errors 3
Tracking errors 5
Final form )
Checking 15
TOTAL 70
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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. PLLE Documents

CALVERT, J. F., and E, L, BUELL, "Preliminary Theory for a Method of Free
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Assessment of Free Gunnery - Devices and Calculating Procedure Based on Photo-
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BUTLER, L. E., and E. L. BUELL, "Progress Report on the Aerial Gun Sight
Evaluation Using a Deflectometer", PLLE Memo No. 19 (15 Sep 1944).

GORRELL, WARREN, JR., "Camera Line-Up on the PBLY-2, No. 14", P14E Memo No. 24
(26 Dec 19&145.

RYAN, J. J., "A Recording Instrument for Measurement of Aircraft Orientation",
P1LE Memo No. 36 (7 Apr 1945).

HUNTER, H. F., and E. L. BUELL, "Note on Error in Lead Due to Cun Camera's
Displacement from Turret Center of Rotation", P14E Memo No. 40 (11 Aug 1945).

BURR, A. H., "Final Report - Aerial Gunnery As:essment (Photographic Method)",
(31 Oct 1945).

U. S. N. A. S. Patuxent River Documents

PAYNE, W. R., § 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 Pnotographic Assessment Method", TED No. PTR 32154 (20 Oct 1944).
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U. S. N. A, S. 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 known 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", AMP 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 Readings
for Position Determination", AMG-N No. 2 (8 Sep 1944). .

ALBERT, A. A., "Computavional 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. (dilary 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 Fro-
jectiles Fired from Moving Aircraft", AMG-N No. 21 (22 Dec 1944).

ALBERT, A. A., "Computation of Single Shot Probabilities in Camera Sight
Assessment", AMG-N No. 23 (5 Jan 1945).
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SMITH, P. A., "Locsl Stabilization of Coordinates", AMG-C No. 417 (16 May 1945).
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AMG=C Documents (Continued)
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BOMBER VS FIGHTER: BOMBER IN EVASIVE ACTION

CHAFTER B-1

THE THEORY - A BRIEF TREATMENT

B-1,01. 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 attempt.will be nade to include procedures for parallax correction or
any other problems common to both linear and evasive flight.

B-1.02. 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 BEglin Iield 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 geatle ovasive
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-component
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-acticn 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 ceen 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 developrient 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 O 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 6% 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 tha GLOOK through the vector distance EE to a position
corresponding to the ghost G and sighting on the point F , E? 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, 1In Fig, 1,1 the parallelogram FBGS is constructed

e o — =
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 locaie point S on the GLOOK screen, Instead of movins the GLCOK

through the distance BG , locate the fighter F at the distance SF = GB from the

point S with the aid of an auxiliary computing instrument, celled the mONKEY. The

vector 5? can now be obtained by sighting the GLOCK on the fighter F ., It is the
principal purpose of this report to derive and develop methods of calculating the vector 1
e

BG and to indicate how the MONKEY can be used with the GLOOK to represent the vector Fg .

B-1.04. Device MONKEY, Before proceeding to the methods of calculating the vector

quantity B , it will be helpful to have the idea of the MONKEY and its relationship to
the existing GLOOK set-up., The LONKEY 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 xill 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 Fg . The

auxiliary motions which locate the tail in the desired position are similgi to those of
the GLOOK., The successive motions given the tail are elevation, azimuth, rcll, pitch,
yaw, and rotation about GLOOK. The sliding motion of the IONKEY'S tai. is three 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 0.0l inch arnd 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 assuuptions 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 (1) the type of curves
chosen to represent the bomber's path and (2) the resulting'calculation procedures, Jince
the evasive tactics which present heavy bombers can updertake are limited to maneuvers in
which the total normal acceleration is less than about % 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 paih 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., B-3.07) discusses the errors of assuming either of these curves.

B-1.06. Geometry of Flight Paths. METHCD 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 c}lindrical surface is developed. Fig. 1.3 shows

a curve xy which can be defined by two constant radii, Ry the radius of the cylinde:,
and Ry the radius of the curve on the developed surface. In this method of representa-
tionjan airplane making a turn in the horizontal plane has Ry equal to the radius of
the turn and Ry equal to infinity. Likewise an airplane making a loop in the vertical

plane has Ry equal to the radius of the loop and Ry equai to infinity, A spiral dive

in the path of a helix is shown in Fig. l.4.

CONFIDENTIAL :



CONFIDENTIAL Sec. B

WETHOD 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 ¥ with the horizontal plane as shown in Fig. 1.5. For a

horizontal turn, ¢y = O and R corresponds to the Ry of METHOD A. For a vertical
loop, v = 900 and R corresponds to the Ry of METHOD A. For other values of V¥

the circular arc &f 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 METHCD A, the bomber's path was described in terms of two radii of . 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#:

2. 2

Ayg

Ry

2
Ry = — (2);
Avg

radius of cylinder, ft,

radius of arc on developed surface of cylinder, ft,

speed of bomber, relative to air mass, ft/sec,

climb angle, or angle between horizontal plane and tangent to line
of flight, positive if climbing, degrees,

normal acceleration in horizontal plane, g,

normal acceleration in vertical plane (perpendicular to both line

of flight and Ay), g.

where RH

o
<3
"N

>
<3
nn

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 kianual,
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influenced by gravity, the observed readings must be corrected to obtain the desired

linear and normal accelerations,

observed accelerometer 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 is up and normal to X and Y, See Fig. 1.6).

linear accelera:icn, g,

roll and pitch angies (roll about line of flight, positive if right
wing is up; pitch in a vertical plane, positive if nose is up),
degrees,

If Ny, Ny, N

Ap
R, P

then approximate equations for the normal and linear accelerations, which are rigorous
if the Y-axis of the bomber or of the gyros and accelerometer units correspond to the

tangent to the lire of flight, ares:

Ay = NxcosR - NgzginR (3);
Ap = Ny - sinP (4);
Ay = NysinR 4 NjcosR - cosP (5).

With 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., 1In 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. .i.6. The
line OB lies on the surface of the cylinder and represents the path of the bomber. The
line OG 1ies in the tangent plane and represents the path of the ghost. Based on geo-
metric principles the magnitude of the vector Gh , O , is found to be approximately

s =% (g e 2+ D (6)

where A T = bullet time-of-flight, sec.

# For derivation and rigcrous 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 q

such that
V. 2(8T)g(Af + A% + AD)2

-

The direction of the vector GB is expressed in terms of azimuth a , and elevation ¢ , ’

where
tan a = X and tan € - =
D
y (x2 ¢ y2)2 1
These angles are approximately represented by
tan a = fﬂ : (7
y2
0 \
where Q= Ap(1 - R Ay % - Ay( Yo+ g) » ( Yo in radians)
Yo= Y at firing time,
m :( AH \ATg n -_-(ﬂ)ATg H
2 v
Vcos Y}av av

2
Ay(1 - jﬁL) + Apv,
and tan £ = 2 (8)
(aF - %3

Charts havebeen prepared (see Appendix) tc facilitate calculations of § s @ , and € ,

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

)

three calculated values § , a , and € locate the tail in correct position,

B-1.08, Determination of Flight Path for METHOD B. In introducing METHOD B the

bomber!'s path was des:ribed in terms of a single radius lying in a slant plane making an
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angle y with the horizontal plane. In terms of measurable quantities the radius may *

be defined as

R = V2 , (9)
Ag g

where R = radius of arc, ft,

speed of bomber as in METHOD A, ft/sec,

<
1"

resultant normal acceleration (in slant plane), g,

x>
[[]

)
(Aﬁ + A%)E

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 § , 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 ¢ with the horizontal
plane, it is more convenient for our purposes to define this plane by the angles ¢ and
Yy o 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 ¥y
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 ¢ is the
angle between the slant plane and the horizontal plane and is messured in the normal
plane (plane perpendicular -o the tangent to the line o:' flight at impact time) and is
a roll angle. The angle Y1 is obtained from gyros and angle of attack information
while tan ¢ = Av/AH . The angles Yy and ¢ are then put into the MONKEY ar pitra

and roll angles to get the MONKEY'S tail into the slant plane,
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Jith the KONKEY'S tail located in the correct plane, the angle & , which is put
in as an azimuth angle, and the magnitude & locate the vector GB . A4s in METHOD A,

8 is approximately defined as

5 = Sﬂ_zﬁgmﬁ + 13 232 (6) i

The angle & 3 can be expressed as a function of p and x where

p:AFATg , and ‘

v

X:é'%lg 5

this function has been calculated for the most frequent values of p and x and is

given in the " E - Function Table', (Chart VIII),

pJ ,,,(8 - 5p 622>x ...ﬁ
x 12 10

* tan E = _:Lp.)
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CHAPTER B=-2

EXPERIMENTAL REQUIRFTMENTS

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#;

(L) 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 X 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. :

CONFIDENTIAL °




CONFIDENTIAL Sec. B

T 0.01 g. The three accelerometer units should be located as near as possible to the
center of gravity of the bomber, 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.

DAy =Y a«, +2 % + x(wﬁ - w%) p
DAy =z 0, 4+ x Oy & y(ug . U%) ,

AAz = x 0, + y o +z(m§ +.w§) 5

errors in X , Y and Z accelerometer readings, ft/secz,

where AAx, BAy, 84

X, ¥, 2z = distance from center of gravity, ft,

angular accelerstion, rad/sec<,

a
k w = angular velocity, rad/sec,

subscripts

¥ 1) I yaw, pitch and roll, respectively.

In addition to the above specifications more points should be cons{dered. 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 bomoers like a PB4Y-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 43 g and the range of the X- and Y-accelerometers 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.
4ith a Y-axis accelerometer available to record changes in forward speed; the necessity
for a highly sensitive air speed indicator is eliminated. However a moderately accurate

air speed indjcator 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 uwwo 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-3.01. Device MONKEY, As indicated in B-1,04 the IONKEY (see Fig. 1.2(a)) consists

of two parts, a flat surface (tail) suitable for marking with a beam of light, and sev-
eral auxiliary motions to locate the flat surface (tail) in 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,
but it rotates around the GLOOK in a vertical plane as the entire MONKEY rotates, This
point is also the center of rotation for the several 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 necessar; to locate the tail in the desired orienta-
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 wup from the horizontal while negative
elevation places it below the horizontal with respect to point S .

(3) The tail and elevation mechanism rotate about the azimuth-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 point 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 LONKEY along this same horizontal. line,

(4) The azimuth mechanism rotates abcut 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) Trhe yawing mechanism rotates in a vertical plane about the center of the
GLOOK in such a manner that the yaw axis remains (or can be set) in a
vertical posilion and the point 3 on the tail (center of all the
above MONKEY rotations) remains at a 1ixed 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 comments and specifications are given in the [ollowing
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 WONKEY should operate ecsily 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 theoreticaliy immaterial
and will be determined on the basis of ease of operation.

(4) 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-
tiocns 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 mirute,

In addition to the general comments and specifications listed above, the following specific

requirements must be met:

(1) The teil must be (a) wide enough to accept the projected cross-hairs of the
transit on each point, (b) long enough to extend the second vnoint, 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 O to 360 degrees in both directions.

B-3.02. Supplementary DJata Needed. In addition to the rhotographic 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, Tiis film contains pirtures of three acceleronet

dials and one air speed mecter together vith the usual timing narks o
means of synchronizing the information on this film with other films
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(2) Angles of attack and skid information. Some means of determining or esti-
mating the angles of attack and skid should be available,

(3) MONKEY, 1In 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 saticfies 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 IIJ (straight line flight with correétions
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 5,gyro 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) cen be obtained from

speed, altitude, and loading data. For impact times compute the climb angle T
*
from Columr 32-F and angle of attack and record in Column 34-I., Using Columns

32-E and 32-F and trig tables compute sin R, cos R, sin P, cos P to the nearest
0.0l 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 Acc. 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 3,
or 35; 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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Acc, Film, Step 1. In the same manuer as for the gyro film, read the

accelerometer and speed dials at selected intervals and record speed
toonemphand X , Y , 7 accelerations to 0,01 g in Columns 31-C, 31-D,
31-E and 31-F,

Acc. 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 same kind, Make these corrections and
record to nearest 0.0l g in Columns 31-H, 31-I and 31-J.

Acc. Film, Step 3. TFor convenience in interpolation, smoothing, and averaging,

the corrected speed and acceleration readings are plotted against frame numbers

and corresponding time scale,

Aec, Film, Step 4. Read graph (Acc, Film, Step 3) at values of impact timep

obtained rrom Gun-Camera Film, Step H and record accelerations te 0,01 g in

Colunns 32-B, 32-C, and 32-N, Record speed to one mph in Column 33-K.

Ace. Film, Step 5. From Gyro Film, Step 6 and Acc. Film, Siep 4 compute the

products Nycos R , Nzsin R , Nysin R and Nzcos R to nearest C.Cl g and

record in Columns 33-D, 33-E, 33-F, and 33-G.

Acc, Film, Step 6. From Gyro Film, Step 6 and Acc, Film, Step 5 compute the

accelerations Ay , Ap , Ay and record in Columns 33-H, 33-I and 33-J.

These accelerations are obtained fr-m the following approximate equations.

NxcosR - stinR

£
"

-3
o]
n

Ny - 8inP

= NxsinR + NgcosR - 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, p , is less than five degrees, then

Ay = Nycosll - NysinR

Ap = Nysinf sinR + Ny - Nzsinp cosR - siny

Ay = NysinR - NysinP 4 NzcosR - cos¥
If either A is greater than one-half degree or f is greater
than five degrees these equations become more complex, (see
Theory ianual for complete equatiocns).

Acc, Film, Step 7. Compute average values (averaged over transit time) of Ay

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 (Acc, Film, 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 3L4A-G.

Note: For METHOD B the average value of pitch, P , is not required,
Column 34B-G will contain pitch at impact time,

Acc, Film, Step A. Compute the resultant norm:1 acceleration, A , from the

average normal accelerations, Ay and Ay , (Columns 34-C and 34-~E) by the

8

equation
A= (Af + 45)2
This calclation can be made with the aid of Chart II., Record A to nearest

0.01 g in Column 35-B. Be sure that A 1is given the same sign that Ay has.

1
Acc. Film, Step B, Compute A_ = (A2 + Ag)2 to the nearrst 0,01 g from

S
Columns 35-B, 34~D with the aid of Chart II and record in Column 35-C. Note

that A is always positive.

8
Acc, Film, Step C. Compute the magnitude of the deviation of the bomber from

CONFIDENTIAL 17
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the ghost by the following equation

5 =hA, (67)?

This calculation can be made with the aid of Table III. Ncte that for con-
sistent units éﬁ must be multiiplied by 32,2 to get & in feet, Tne value
of & should be éalculated as accurately as is required to get L in Acc.

Film, Step E to 0.005 inch (see below)., This may be about (.05 feet or one

percent whichever is the larger,

Acc, 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

METHOD B).

Note: 1In these instructions the observed range data-observed from bomber-
are used in the determination of transit time and in the calcula-
tion of the length of the .ONKEY'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.

Acc, Film, 3tep E. Compute the length, L , to which the MONKEY'S tail must

be extended by the equation

At
3D
where K = radius of MONKEY rotation in inches,
§ = distance from bomber to ghost, feet,
D = range of target, yards.

This length should be computed to the nearest 0,005 inch and recorded in
Column 36A-F. (35B-K for METHOD B).

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.,

{ Acc., Film, Step 8. From average values of P as recorded in Column 34A-G and
angle of attack informavich compute
Yay = Pay - E'ay
and record to niearest oi.e-half degree in Column 34A-H,

Acc, Film, Step 9. Compute m and n from Column 34A-C, 34A-E, 3LA-F, 3LA-H

and 34A-J, where

A
m :(__"ﬁ*_) AT and  n :(l\ AT
V cos?Y v/
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 Ay and AV o« The chart includes conversion to
consistent units, As the equations are written, Ay and AV should be in
ft/secz, V in ft/sec, Y in radians and AT in seconds.

Acc, Film, Step 10, Compute Q from Columns 34A-C, 3L4A-D, 34A-E, 3L4LA-I, 35A-E,

l and 35A-F where Q 1is defined approximately by

| Q:Ap(l-_?L)-AH§-AV(Y°+§)

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, To should be converted to radians, (See Theory Manual

for rigorous equation for Q ).

Acc, Film, Step 11. Compute W from Columns 34A-D, 34A-E and 34A-1 where W is
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approximately defined by

2
W= A.v /\l -%)? Af{O

This calculatio
This calculation can be made on Chart VII and W recorded to the nearest 0,0l g

in Column 36A-B. As with Q (see above) the chart uses T, in degrees although
it must be converted to radians if the equation is uszd directly. (See Theory
Manual for rigorous equation).

Acc., Film, Step 12. Compute S from Column 34A-C and 35A-G where

S o (Ag + Qz)%

This calculation can be made with aid o¢f Chart II and S recorded to the
nearest 0,01 g in Column 36A-C. Note that S 1is always positive,

Acc. Film, Step 13. Compute tan & from Columns 36A-B and 36A-C where

tan £ = #/S

and record tan € in Column 36A-D and ® tc the nearest one-quarter degree in

Column 36A-C.

Acc. Film, Step l,. Compute tan @« from Columns 34A~C and 35h-G where

tan a = A,/Q

and record tan o« in Column 35A~H and @ to the nearest one-quarter degree in

Column 364-H,

Acc., Film, Steps 15 and 16. Use GLOOK and MONKEY to compute target azimuth and

elevation at impact-timep with respect to turret axes at firing-timep. Record
in Columns 13-B and 13-C. This operation is carried out as follows:
(1) Set GLUOK at elevation = g, - Col 23-B

azimuth

®obs ~ Col 23-C

CONFIDENTIAL *“
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roll = Rp - Col 23-E

pitch

Py - Col 23-D

yaw

Yp = 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 rcll axis. The
MONKZY 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 HONKEY 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.

(4) Calculate ( @3 + 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
oy = ( % 4 ring - Y,) - Ccl 36A-J

£ €y - Col 364-G

m=
Tail = L - Col 364-F,

Note: In this setting the yaw, pitch and roll scales of the MONKuY
are all set at zero.

(6) Adjust MONKsY until zero of tail is in line with transit beam. This
may require some rotation of GLOOK ring.
(7) Sset GLOOK at
Roll = R, - Col 23-1
Pitch - p, - Col 23-H
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(8) Sight transit on tip of MCNKTY'S tail by changing GLOOK azimuth and 4
GLOOK elevaticn. Read off desired values of target azimuth and eleva=-
tion. Record in Columns 13-B and 13-C,

B-3.06. Computation Steps Unigque for METHOD B. In the preceding paragrarhs were civen

the detaijled steps which are the same for both MLTHOD A and B and those which are unique
for METHOD A. 1In the next paragraphs the steps which are only for METHOD B are described

Acc. Film, Step 8. For impact-timep values of P as recorded in Column 34B-G

I and angle of attack compute Yt = Pp - Ft and record to nearest one-—quarter de- 1

gree in Colurn 34B-H.

Acc, Film, Step 9. Comnrute x and p from Columrs 35B-B, 34B-F and 34B~J, where

X _-_(ﬂ) AT and p :/\E\ AT
Viav V oav
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 chert includes conversion to consistent
units, As the equations are written, A and Ay should be ft/'sec?’, V irn
ft/sec, and AT in seconds.

Acc, Film, Step 10. Compute ¥ from x and p in Columns 35B-E and 35B-F. This -

calculation can be done with ChartVIIIand recorded to the nearest one-quarter de-
gree in Column 35B-G

Acc. Film, Step 11, Compute tan ® and (P from Column 33-H and 33-H, where

A‘\r

tan @ =~ .-
Al

Record tan @ and ¢ in Column 35B-F and 25B-I., The angle ® should te obtained

to the nearest one-quarter degree. l

g CONFIDENTIAL 22

il S e b, i e Vil et il TSR R e o



CONFIDENTIAL Sec. B

Acc, Film, Steps 12-16. Follow “he procedure for ULTHOD A, Steps 15 and 16,

with the following changes:
(1) and (2) Same;
(3) Record in Column 35B-L instead of 36A-I1;
(4) Calculate (Yp - ring) and recoerd in Cclumn 35B-M. YT is obtained from
Column 232-F and ring from Column 35B-L,
(5) Set the MONKEY at:
Tail =L . or Col 35B-K,

Elevation = O

Azimuth = . ¢ s or Col 35B-G,
Roll -9y , or Col 35B-1I,
Pitch - Ty s or Col 34B-H,

Yaw ring), or Col 35B-M;

1

=
-3
I

(6), (7) and (8) Same,
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Art. B=-3.07. Ballistic Corrections. In the assessment theory which has been developed

it was assumed that the projectile traveled in a straight line. The validity of this
assumruion will depend upon the type of pronjectile 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 AMG-N. These graphs, called DOFOGRAPHS, 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 {he airplane does not remain in a horizontal plane (see
AMG-I! 172).

The following are some suggestions for computing the corrections described in AMG-N 172:

1, Determine the azimuth, & , and elevation, & , of the target with respect
to a horizontal plane from the azimuth, a' , and elevation, g' , of the

target with respect to the bomber which is pitched, P° , and rolled, R° "
from a horizontal plane.
2. Find the direction A' , E' of the axis a - 90° 0° with respect to
unstabilized bomber coordinates by pitching througn P and rolling through R®
3. Compute the corrections which are given at the end of AMG-N 172 as a function
of «' , &', A' , E'! and a .,
L. To the ballistic corrections corresponding to a' , €' on the DOFOGRAPH add
the correction given under Step 3.

In performing the roll and pitch in Steps 1 and 2 either a GLOOK or a gnomoniec chart

may be used. It would probably be most convenient t¢ make a chart or graph of the evasive

action corrections as a functionof a' , €' , R and P .

CONFIDENTIAL
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B-3.08, Discussion and Limitations. In the preceding sections the theory was pre-
sented in brief form and the computation steps described in detail. In this Section ex-
planations and limitations of some of the poihts will be presented.

First of all, the two computation p:rocedures (METHOD A and METHOD B) were based on
different geometric assumptions and can easily give different results. METHOD A assumes
that two normal radii of curvature are constant (or rather that the use of average values
introduces negligible error). METHOD B assumes that one resmltant radius of curvature is
constant and remains in a plane. These assumptions can easily be checked for any givm
problem to determine which method is nearer to the actual case. If both Av and —7

Y
remain constant (see Section B-~1.07) during the bullet flight-time, then t.ho aet.ua.l path

of the evading bomber corresponds to the assumptions of METHOD A. If both Aﬂ—A—! and

ﬁ'i. 8in? Y | remain constant (see Section B-1.08) during the bullet nigm.-u:t, then

A: assumptiazxs of METHOD B are identical with the actual conditions. As seen from Eq. (9)
on page 8, Mo A 2 -J-E When this term is constant the resultant radius of

curvature is coxvl‘;tant ::d or(te t))f the conditions of !ET!K)D B is obt.ained. The other condi-
tion (planar path of bomber) ianmllyatisfiedmtﬁ{' sin? ¥ | is constant. This
condition is sufficient when AV#O sout when Ag =0 , Y must alsc be zero to have
planar motion. This second condition is suffiecient to specify planar motien of the bomber
when the resultant radius, R , is constant since _‘i=m2¢ » (note that mﬁ;%)
andboth § and Y varybetween =¥ . (When F=2v , Y -0 and when §=-0 ,
Y =% ¥ ). Another way of putting this is sin?Y e sin? § = sin? ¥ , and in order
to heve planar motion ¥ must be constant and therefore fiomz':] mist be constant.
I Inwodﬂdmtpromtdbcntunsit-ﬁnmm:indfm;‘ctmlrmgom

instead of the desired range (range from ghost bomber). This introduces some error but it

is never large. In the Theory Manual means are presented for obtaining the range data from
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the ghost bomber. During operation of the MONKEY and the GLOOK the range from the ghost
is easily seen as represented by the distance (GF in Fig. 1.1) from tha 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 .

CONFIDENTIAL
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CHAPTER B-4

EVASIVE ACTION ON GNOMONIC#* 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 con 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 very
helpful to give first a pictorial description of the gnomonic chart from which a correa-
pondence between the GLOOK rotations and the chart coordinates may be derived. This
correspondence is first illustrated by the roll, yaw, pitch problem and then 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 a4 =270° , g =0° ,
on the GLOOK transit win the GLOOK roll, yaw and pitch are all zero., To any point on

the screen a unique azimuth and elevation may be assigned by pointing the GLOOK transit at
that point using only the upper transit adjustments., Conversely, corresponding tc a given i
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, i1otate the GLOOK transit in azimuth, leaving the

elevation constant. The transit beam ~ill then trace a curve of constant elevation on the

screen. These curves are hyperbolas,
If the GLOOK transit, with roll, yaw, aund pitch zero, is rotated in elevation leaviwy

the azimuth constant, the transit beam will trace a curve of constant azimuth on the screen.

# A general treatment is given in "A Mamal for the Use of Gnomonie Charts', by . A. Albert,
AMP Note 23, (AMG-N No. 62), October 1945,
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These curves are vertical straight lines. 4
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 GLOOK 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. 1
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, plitch, and the trursit eleva~
ticn zero, end 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 intc
four eaual parts, one corner of each containing the center of the chart. OSuch 1s the case
with the chart designed by AMG-N and drawn by the U. S. Coast and Geodetic Survey.

B-4.03. 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 a = 270°
€ - Oo,witb respect to the GLOOK transit. Imagine also a light-pencil located at the
center abouu which the GLOOK motions rotate, but which maintains its position in space
constant, i.e., it is in no way attached to the GLCOK. In mathematical language it is
a constant vector whose direction with respect to a rotated coordinate system we wish to
find.

With the sitvation as described above let the GLOUK be yawed, rolled, and pitched in
that order through angles Y , R , and P respectively and the point where the light-

pencil strikes thz 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 +P . Goll thg GLOOK through =R 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 GLOCK 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 GLCOOK may be either read from the gnomonic
chart or measured with the CLUOK transit. In practice the GLOOK would represent the bom=-
ber and the light-pencil the vector from the bomber to the fighter.

It is not necessary “o locate the center of the gnomonic chart at the position a = 270°,

Y , with respect to the GLOOK transit., It might also be located in any one of the

€ =0
positions @& = 360° s, & = 0° ; a=90° , g =20%°; « = 180° , €& =0°;
a=270° , e29° ; a =270° , ¢ = -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 GLOOK-
chart correspondences it is only necessary to follow a line of reasoning analagous to
)

that for the position & = 270° , & =0 . Below is a table of GLOOK chart correspon-

dences for all chart positions.

GLOCK~CHART CORRESPONDENCES

Center of Chart at &« = 270° , ¢ = O°

GLOOK Rotation Effect on Position of Light-Pencil on Chart

Yaw through +Y Increases azimuth by +Y ;
elevation remains constant.

Roll through <R Increases inclination by +R ;
angle—off remains constant.
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GLOOK-CHART CORRESPONDENCES (Continued)

Pitch through «+P

Center of Chart at

Yaw through +Y

Roll through <R

Pitch through +P

Center of Chart at

Yaw through angle +Y

Roll through <R

Pitch through &P

Center of Chart at

Yaw through <Y

Roll through <R

Pitch through 4P

Center of Chart at

Yaw throier <Y

Roll through +R

Pitch through P

Rotates point about center of
chart -P .

=360° , & =0°

Increases azimuth by +Y ;
elevation remains constant,

Rotates point about center of
chal’t -R .

Increases inclination by -P ;
angle-off remains constant.

=90° , € =0°

Increases azimuth by +Y ;
elevation remains constant.

Rotates point about center of
chart -R ,

Rotates point about center of
chart +P .

- 1800 ’ t = OO

Increases azimuth by +Y ;
elevation remains constant.

Rotates point about center of
chart +R .

Increases inclination by «+P ;
angle-off remains constant.

az20° , g=9°

Rotates point about center of
ch&rt "Y .

Increases inclination by &R ;
angle-off remains constant.,

Increases azimuth by +P ;
elevation remains constant..
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GLOOK-CHART CORRESPONDENCES (Continued)

Center of Chart at o = 270° s & = 90°

Yaw through +Y Rotates point about center of
chart -Y .,
Roll through +R Increases inclination angle by l

-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 1
those coordinates which would represent these angles if the center of the chart
were at a = 2700 , ¢ = 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 those of the center of
the charts by more than 450 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 anyone 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° , € = 0° . However, when the center of the chart
has e = £90° the curves of constant azimuth are radial straight lines from
the center of the chartyand 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-4.0L. 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 =Z270° | ¢ - ® 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

CONFIDENTIAL =




~——r’

'CONFIDENTIAL Sec. B

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 tall 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 GLCOX transit, the Evasive Action Froblem 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 coinecide, 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. Theﬁ 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 ¢ = 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 ahove yaw and pitch on the gnomonic chart. If a line is measured on the

chart parallel to the line ¢ = 0° and with its initial point on the new azimth 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 a;d the teruinal
point will still be the projection of the lead pencil onto the screen. The Svacive 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 methcds of analytical geometry. Imagine a cystem of axes
as pictured in Fig.lJd0 whose directions coincide with the axes about which the GLOCYK ro-
tates, Let € be the elevation angle of the GLOCK transit and at the point x = b imagine
a plane perpendicular to the x-axis. If the GLCOK transit is rotated in azimuth and the

glevation is kept constant the transit beam will generate a conical surface whose equation

is

2 2

by’ - rd
x4 tan“€ 4 ¥* tan<e = z .

and the intersection of this surface with the plane x = b 1is

b2 tanZe +y2 tanze: 22

or the equation of one of the elevation hyperbolas is
2

z:tmneVy2+b

If the GIOCK transit is rotated in elevation while the azimuth is kert constant the

transit beam will generate the plane

y =X tangq H
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and its intersection with the plane x = b will be the line
= b tana

This is a vertical line on the plane, a distance y = b tana  from the center of the plane,
To derive the equation of the hyperbolas of constant angle~off rotate the y- and z-axes

through 909 or in other words interchange y and 2z in the equation for the elevation

hyperbolas, i.e., . )

y=xtan @ {z= +D

Similarly the lines of the constant inclination are .

z =b tan ¢

In Fig.l.ll there are twe coordinate systems, (1) the x'y'z'-coordinate system about
whose axes the GLOCK 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 psint O where the light-pencil strikes
screen, F]-_%' is the light-pencil, OP2 the lead pencil, and P3 the projection of the
tail of the lead pencil, P, ,cnto the screen.

The problem is to find the coordinates of P3 in the xyz-system, knowing the orientation
of I_”'l—b. in the x'y'z!'-system, the orientation of OP2 in the xyz-system, the lengtnh of
OP, ana b .,

To solve this problem find the equation of the line PP, in the xyz-system and then cal-
culate its intersuction with the zy-plane., This point will %e P3 .

Let @1 and £, be the azimath and elsvation of 63; , with r with respect to the x'y'z'-
conrdinate system and r; the Jangth of b—PT ; 3imilarly let the subscript 2 refer to the
corresponding quantities for OP2_ .

The x'yt'z'-components of 551’ are

Xy = ry cose, sina, P
[} - =

y1 = r) cose, cos &y ’
! - i .
Zl - rl Slnt‘ H
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and the xyz=components of O—I-’Y are

X) = ~ T} COSE sincxl .
y1 = - 1] cosg, cosa&, r
2] = = si .
s ELEN sy,
The xyz-componenuvs of OP2 are

Xp = rp cose, sina, b
Yol = COSC2 sin az 3
22 = I‘2 S].ne2 .

The equations of the line through P and P2 in the xyz-system are

X+ ccst:x_s:i.nal

n
cr
%

r cose, sin@, +r) cose€ sin &,

1

y *+ r) cos'€, cos @,

"
ct
-

rp COS 62 COS(!2 + Il cos El COS&l

va']_sin!l

anc r, si i Lt '
2 n;2+r1 Smg‘
When x =0
: ry cos g, sinal
= )
r, cose, sin @, + T cos e, s:i.nc:1

r cose, sina, (r, cose, cosa, + r; cos €, cosa,)
whence ¥ = 1 : ~ 1 A LA 51 cose, cosa
rp cose, sina, + ry cose, sina‘

1

xj_ra(cos e, cos €4 sin ®, cos®, - cos &, cos €, sin a, cos %, )

rp cos e, sin @, + Ty cose, sina‘

32
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rirp cos €, cos€, sin (%) - %2 )

y =

r, cos €, sina_, + ry coseg, sinal

2

r, cos ¢ sina (r2 sing,. + ry sing_ )
o = 1 1 b 2 1 1 - Ij_SinE‘ ,
rpcos £, sina, + ry cose, sin @,

€ a

r-> (cos €4 sin ®, sin €3 — cos ¥2 sin *2 sin €y ) .
rro 1
rp cos gzsmaz'#rlcoselsin a1

Since b 1is fixed 513_’; will not in general be equal to the distance from the bomber
to the fighter. It is consequently necessary to correct the length of 65; so that the
triangle Py0P, will be similar to the actual space triangle. The following relation is
derived frem the fact that if two triangles are similar their corresponding sides have
equal ratios,

In the following relations

8 = actual length of vector from bomber to ghost,

d

range from bomber to ghost,
X 4= azimuth of center of chart,

€4'= elevation of center of cha-t,

& T2 o
whence r = b ’
cos (@ = ®g) cos (€ - €4)
s
or I‘2= ba- %

cos (@ = %) cos ( €~ €g)

Substituting these relations in the expressions for y and 2 one obtains

; .o COSE, cos &, sin (a, - &)

ra2
qcosez sina2 + cos &, sina!
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5

bq
COS(G‘-“,)cos(e.—Es)
y = : s and

o)
5 cose, sina, + co8 €, sina‘

cose, cos €, sin (%, - @, ) ‘

ry (cos e, sina, sine, - cos ¢, sxin(!2 sin € )

zZ = 5
T
— cos8 e, sina, + cose, sing
N 2 2 1 1
)
bd (cose, sina, sin€, - cose, sina_ sin &, ) {
1 B § ? 2 2 1

cos (a -a'3 cos (€ - £4v)

2O

cos ¢, sina, + cose, sin a,

If the x'y'z!~system, and with it the chart is rotated through -a'“ then the new

. .
®,, @, , is zero. The above expressions then become

o
y = r °d cos €,
cos (al - @ ) cos (&, - t4)

8
z = bd sin €,
cos (a" -®%g) cos (&, - &)

(@, is the new value of &, after the rolation through - @, ),

Now pitch through - €, so that €, , the new value of €, , is zero. This gives

2

b
y = and
cos (a" —(1.)cos(e'l - €,) ’

I
Ao

Z:O I

(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

' 34
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locate the target point, %y , & , on the chart, then yaw through - ®,on the chart if

a, é 90%, or (1&0° - a, if a, B g0 ; second, pitch tlirough - €, on the chart and
mark the resulting point ', ¢* « Then measure a length Y as given above through

a' , g' , and parallel to the line e = 0° of the chart. Pitch and yaw both end
points through the negative of the original rotation angles. The initial point, a; 5 ‘; 5

will then go into a« , , the original target point, and the terminal point will go

[
into the projection of 6?; onto the chart.

In some cases the yaw mentioned above may take the target poinu off the chart, in
which case the chart must be shifted to one of the positions €& = 90° or ¢ = =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 5?; lie in the plane of the chart. If the pitch takes the target
off the chart in one of the positions €& = 2 90° the following mathematical procedure
should be used:

Consider the equation of the lines of ccnstant azimuth

«
'

= b tan (a; - %)
Differentiating, one has

- b sec? (a;_a.) da , or

g
I

'«
v cos? (%1 - "8) -
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 =Y , will cause another small change in dy ,

which can be calculated, if
b §/d cos e,
YOI=
cos (a‘ -a, ) cos (€, - &)
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L}
then ga = &/dcos (&, -a,) cos t, , radians.

cos &,

In a similar way for the elevation hyperbolas

!'-—n-_"z
z-tane\'b‘-"y -btane sec @
dz = b sec® (& - €4) cos lay - 0y) ,
ZCOs2(Ex_C')cos(a'l_a.) .
de =
a
b §/d sin €,

Since 2 -

i
-

cos (a; - &) cos (€, - €,)

de = b/d cos (&) - €,) sine, , radians.

The azimuth of the ghost with respect to the homber equals q <+ da .

The elevation of the ghost with respect to the bomber equals € + de .
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FIGHTER VS BOMBER

CHAPTER C~l
THE THEORY - A BRIEF TREATMENT

C-1.01l. 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 =r2ed 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
ccnstant 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 AP1 M8 or AP Mg
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 fabulated
in the Firing Tables FT 0.50 AC-M~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 a; h E; » and rg
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 X,¥12, » We can by four planar rotations determine the coordinates a; . 8; of
the bore~-point relative to axes x', y', z', located at the fighter and parallel to the bor.-
ber axes X', Y', Z' (see Figs. 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'Z' to XYZ) we can find the
coordinates % , €4 of the bore~point relative to the axes x, y, z.

Once we know the bore-point direction aj; it is easy, knowing the velocity of the
fighter, to compute the direction bl of the bullet as it leaves the gun. A ballistic
correction G which takes account of gravity then modifies bl to get the actual path
¢, of the bullet (see Fig. 1.3).

Next, from the velocity of the bomber and the nosition of the fighter relative to
the bomber we compute the direction c, the bullet should have gone in order to have
scored a hit. The angle p between cy and ¢, 1is 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 the experimental data which must be

obtained, each with its source and required accuracy.

1. Bomber Speed (yards per second, * 4 yd/sec).

The true air speed of the bomber is a constant which can be computed from

the indicated a2ir speed, temperature and altitude records. The IAS meter
reading, temperature and altitude will be recorded in the Bomter Flight *
Log.

2. Roll, Yaw and Pitch Corrections on the Bomber (degrees and minutes, * % 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.,

PR

3. Azimuth, Elevation and Range of the Fighter with Respect to Unstabilized

Bomber Axes, (for the first two, degrees and minutes, o 4 min; for range,

yards, : é 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.

L. Fighter Speed relative to Air-Mass Coordinates (yards per second, % 4 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 1
altitude. The IAS meter reading, temperature and altitude will be recorded 1
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 Netailed Assessment Procedure for details).

5. Bomber Attitude with respect to Fighter.

This is not found explicitly. It is determined by the bomber's vulnerable
] point and line of flight as estimated on the fighter camera film.

CONFIDENTIAL )




CONFIDENTIAL Sec. C

6. Bullet Muzzle Velocity (yards per second, * 1 yd/sec).
For API M8 ammunition Vy = 956.7 yd/sec.

For AP M2 ammunition Vy = 900  yd/sec.
See ballistic tables for further information

7. c5 , a Ballistic Constant.

Ool{360
Q.471.

For API M8 ammunition ¢
For AP M2 ammunition c5

8. 8§ , Relative Air Density.
9. Synch Unit and FLINK-BLINK Lags (seconds, ¥ 0.005 sec).

The amount of these lags will be found in the Equipment Manual, Airborne
Installations.

10. Camera and Projector Lens Calibration (inches, * 0.01 in.).
See Section A, this Manual, and also the Egquipment 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 metched to within 1/8 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-2.03. Error Estimates. The bullet time—of-flight u , a function of § . and ) ,

is much more sensitive to changes in © than in the Bomber wvs Fighter Problem of Section A.
Because of this @ 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 ¢ and )\ we can find u from the formula given in Art. C-3.02,
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Computations, to the nearest 0.0l second provided 30° £ g £ 150° . For nose and tail {
attacks, however, the value of u 8o 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 dlirection. 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 'uz sinel£ 1 ,
where £ 1is the angle of elevation relative tc the xyz-system of the air track. This
implies that for u = 1 ssc the fighter can have any angle of elevation ralative to the
bomber. For u >1 sec, ¢ 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
time-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 O.1 second intervals ard the tangent to the path is assumed to be approximated
by the line joining two successive points. 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 sizeable error in the coordinates g, , g,
of the effective bore-line. This error can be as large as % 5 minutes,

The maximum errors likely to be i.i*roduced in the various stages of the computation

have been estimated and are listed in thu following:

Instrument Installation Reading of Bomber RAZEL Film
Azimith : 3 min Azimuth % 3 min
Elevation * 3 min Elevation * 3 min
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Reading of Bomber Gun Film by CRADLE

r

- yards

a, ' min
Fo min

[ XX JE 4

5
2
2

Plotting, Smocthing and Reading of Data

Plotting and

Smoothing Reading
8 %3 min + 1 min
P %3 min %1 min

Plotting, Smoothing and Reading of Data

Plotting and  First Second

Smoothing Reading Reading
R * 3min $41lmin &1 min
Y £ 3 min *1lmin #* 1 min
P + 3 min ¥lmin *1mn

Plotting, Smoothing and Reading of Data

Plotting and

Smoothing Reading
s ¢ 6 yards ¢ 2 yards
% * 3 yards %1 yad
€, £ 3 yards 21 yard
% %3 yards 1l yard
¢ 3 yards t 1 yard

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

¢ tomin
¢ * 4 min
¢ * 4 min

Reading of Gyro Films

R £1 min
Y 21 min
P £1min

Reading of Fighter Film by GLOOK
% 2 2 min
g * 2 min

Stabilization of Coordinates by GLOOK

e ¥ 2min
€s % 2 min
X% #* 2 min
£ 4+ 2 min

Error in the Coordinates of the Actual
Bullet Line Due to a Possible Error of
30! in the Tangent to the Flight Patn

s

1+

5 min
fom 5 min

Error Introduced by GLOOK (if used) in
the Computation of the Radial Bullet
Line Error

P 2 2min
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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 films; 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 %;

from the formulas

cos , = cos oy cos & , and

cot @)

1
@
b

S

o

&

(Do not use the Angle-Off Table to find €, . It is not sufficiently

accurate for this part of the problem).

The fighter-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;y;z; .

Step 2. Using the GLOOK and fighter-camera film and knowing 6; and QL find

o and e, , the coordinates of the fighter gun bore-point B in the

x'y'z'-gystem . (fhe 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 & , & , the unstabilized

coordinates of the fighter, to find the fighter's coordinates &, ,
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€, 1in the stabilized XYZ-system,

(b) Make the same roll, yaw, pitch cor_rect.ion on u:, 5 8,'3 to get @O
€s , the coordinates of the bore-point B in the xyz-system. (See
the Computer's Manual for the details of these two problems),

Step 4. Compute the Cartesian coordinates of the fighter in the XYZ-system by

>
"

r, cos g, sina, ,

Y=r, cosg, cos a, ,

[
"

r, sin g, .

Step 5. The coordinates &, , E¢ of the effective bore-line (initial bullet

direction) in the xyz-system are, then, given by

r Ky - %)

y %hl - X302 4 (Yyuy - Y5002 ¢ (244 = 23)?
VF (Y441 - ¥41)

Uy WEia1 = X53)2 & (Yyag - ¥51)2 & (2447 - 24.1)2

sinas cos g, +

cos gy COS Eg +

Vi Vp (2491 = 241)
sing, = T sin g, + =
u+ Vr Vy V(Kigl = X41)2 & (Yyq1 - ¥39)2 + (2441 - 241)2

where X3i4] - Xj_) 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-of?f 9, from the formula

cos eo = COS a, COS ¢,

(Do not use the Angle-Off Table to find 6, ).
Step 7. Using the tables in AMG-N No. 24 find the kinematic lead angle A ,

which is a function of r. and 6

o o °
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Step 8, Compute the quantity ug , where u is the time-of-flight, from the 1
formula
To 8in
Tsin (A 4+ 6, )

uVB

Step 9. Compute the gravity drop correction G (in minutes) by ‘

5 | 626,672 h e L8000 vy kg
(v, + V) V2 (Vy + Vp) Vp

where h = 0,00059 & Y30 (Vy + Vp) .
°5
Step 10. a¢ and( 8¢ ~ G) are the coordinates in the xyz-system of the actual
bullet-line ¢; .

Step 11. The coordinates a« , & in the xyz-system of the true bullet-line

Cr » the line the bullet should have traveled to score a hit, are
glven by
cot o = .Y._:_\.N_B »
X
s._me___sinﬁos:l.n(/\.vﬁeo) 1
sin g, |

Step 12. The angle p between c; and s gives the radial bullet-line
error. The angle p can be found exactly by means of the GLOOK (see

Computer's Manual), or approximately from the formula,

SSSTESE O

| p = 0.2909 r(“c - a )2cos (&, -G) cos € +(€ -G-¢)° ,

where (@, -a ) and (& -G - &) are measured in minutes. The

formula gives the value of p in milliradians,
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It VF is not constant, it can be found from the formula

VF =5 V( 214.1 - & 1-1)2 + (ni...]_ = ni_l)z * (C i+l "'t-ig.l)z »

where £y - Byg = X - X,
n i"l - ni_l = Yi"l bl Yi-l * 002 VB ’ and

Cial = 841 = 2341 - %4

C-3.03. Determination 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 xl-axis for a left side attack (negatiye x,-axis for a right side
attack), takes a picture of the bomber. From this film the orientation of the fighter's
axes xjyy2) Wwith respect to the x'y'z'-gystem 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 rotatéd 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 GLOOK 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 deterinine the position of the x'y'z'-system relative
to the fighter's system x3yjz1 . |

2. Roll the saddle and pitch the rocker until the horizontal cross-hair of the

telescope lies on the 1line L . This operation positions the telescope so
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that it represents the x3-axis and thus determines the position of the
fighter's axes after the first two planar rctations, a roll R followed
by a piltch P . The X3y3—plane now contains the Y'-axis,

Using the lower azimuth adjustment, sight on Q . Then using the upper
azimuth adjustment tum the telescope through the angle e;, - 900 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
Yt-axis,but the xh--axis as represented by the telescope is perpendicular to
the Y'-axis.

The fourth planar rotation, a pitch P! , is accomplished by turning the
telescope (transit elevaticn adjustment) through the angle 180° - o}

for a left side attack ( ¢ 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 Xxjy 2y .
Mark on the screen the point A at which the telescope is pointed. Also
mark the four points A1 » Ry, A3 5 Ah on and near the endS Qf both
cross-hairs., This determines the orieniation of the telescope. To provide

a check point on this in the next operation, move the telescope in elevation
u o1 down and mark another point A5 on the screen one or two feet from A
Zero the transit azimuth and elevation scales. Using simultaneously the
saddle, rocker and lower azimuth adjustment point the telescope at A such
that thé cross-hairs pass through Ay , A2 H A3 5 Ab . The telescope
is now oriented as in the previous operation, and when the telescope is moved
in elevation, the check point A5 should lie on the vertical cross-hair.
Using the transit upper azimuth and elevation adjustments sight on B . The
transit azimuth anc =levation scales give o - 90° and €, , respectively,

for a left side att. <« ( of =~ 270° and €3 for a right side attack). The
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coordinates oy and £, represent the fighter gun bore-point in the x'y'z'-
system,

C-3.04. Film Synchronizatjon. The Fighter vs Bomber Froblem when solved by the use
of the CRADLE and GLOOK instead of the Gnomoniec 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 93 and
tilt-angle ¢, must be computed at fighter frame-intervals.

This synchronization is most easily accomplished by ilotting the data as read from
each film, A time value is assigned to each frame. The uata 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 o, , ¢, and X , Y , 2
for every 0.1 second. Plot these curves as functions of time and read from the resulting
graphs their values at every 0.l 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 Vgp , 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 VF is constant, If VF is not constant, its value will have been com-
puted at each instant, per directions given in Art. C-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 computation. 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 1is
censtant,

The first form, Form 41, 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 %y , €p of the
fighter and on Form L4 the stabilized fighter gun-bore coordinates % , €;- « On Form
45 are found the Cartecian coordinates X , Y , Z of the fighter leading to the
direction components X; . = X;_; , etc., of the tangent to the flight path (Form 46) .
In Form 47 are found tanac; and sin e, which gives the direction ay , &, of the
effective bore-line, and in Form 48 the iime-of-flight 'U . In Form 49 are computed the
gravity drop correction G , and the actual &g , & - G and (with Form 48) the true

6 , € 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 will no: 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 SKin t ROBLEM

CHAPTER D-1

THE THEORY - A BRIEF TREATMENT

D-1.01. Content and Assumptions. 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 as 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
domnwind, averaging the results. An alternative is to measure the wind velocity at the
time the run is made and take this into account vhen computing the attack and skid angles.

D-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 derivations will be found in the Theory Manual.

A plane whose angle of skid v and angle of attack ¥ 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 fuhdamental 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, xjy12] , is the fighter's own system (yl-axis
along the nose of the plane) and the other, xyz , is parallel to the XYZ-system (Fig. l.1).
The direction of the fighter, as given by its coordinates a, , €, relative to the
AYZ-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 iela~
tive to the fighter's system xyj27 . 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 xyy;2; , we are able by four planar rotations
to determine the orientation of the xyz-system relative to the xlylzl-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 o, , €o and r, of the

relative to the x;y;2 -system. The

fighter, and hence so can its direction q £

Fr 2 Fi

angles 4 and v may be computed from o, and (Fig. 1.3). The four planar rota=-

€eu
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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CHAFTER 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, I 4 min; for range,
% yd).
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, % 0.005 sec).

The amount of this lag will be found in the Equipment Manual, Airborne
Installations.

L. Camera and Projector Lens Calibration (inches, % 0.0l 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 1/8 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 O.l-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 errcr.

The estimated maximum errors likely to be introduced in the various stages of tne

computation are listed below:

Instrument Installation Reading of Target Film by CRADLE
Azimuth % 3 min Be * 2 min
Elevation ¢ 3 min Vo %2 min
Plotting, Smoothing and Reading of Data Reading of Fighter Film by CRADLE
Plotting and r, % 3 yards
— Smoothing Reading xy t 2 yards
€y 22 yards
Po t 6 yards ¢ 2 yards %q ¢ 2 yards
'B:, + 3 yards ¢ 1 yand €y t 2 yards
Yo * 3 yards * 1 yard
Oy * 3 yards %t 1 yard
o] ¥ 3 yards * 1 yard
%q * 3 yards *1 yand
€aq % 3 yards 2] yard

Computation of Angles of Attack, Skid, Bank and Dive by the GLOCK

B %2 min
V  $2min
R* * 2 min
Pt % 2 min

CONFIDENTIAL b



CONFIDENT'AL Sec. D

Possible haximum Errors in the Computation of the
Direction of the Flight Path

(Fighter Speed: 300 mph)

Straight Course, i.e, Weaving Course, 1i.e.
t - nt £ [] -l £
IB14-1 Pi-ll'sm:"n le:Lo-l Bi-ll"Bomin
; -yt < ] =W <
| i ~Viq|E12nmin (Y1 =¥i =30 min
Total Possible Maximum &g €¢ : ‘f; EF
Error of * 2 minutes in ¢ 37 min ¥ 30 min M AGE VA 2027
and \;1‘; o :
g te op er
Total Possible Maximum ® o -
Error of + é minutes in I 47 min g2 32 + 3" oc t1 29
and w; .

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 &, and €. an éccuracy of better than ¥ 4O 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 % 50 min is desired. If an accuracy of only * 3 degrees
1s 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 u and v were computed for a straight course,

a fighter speed of 300 mph, and a possible total maximum error of * 2 min in B; and W; )
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Percentage of Time the Error can be expected to be
Less than a Given Angle

Angle R or P* 4 or v
1 min 15 % 2%
< 30 3

3 L, p)

L 56 i

5 67 9
10 95 17
15 99 26
20 35
25 Ly
30 52
35 61
40 70
L5 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

M e a0 o

procedure for synchronizing the data from the various films; and, finally, the Flow Chart X
(see left part of Manual) and Form Sheets Nos, 61~6l.
[-3.02. Computations.
Step 1. Using the CRADLE and target film find 8; and y; , where £, = Bo * 90°
and Yo =‘V3 + 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 Y% and €o rather than B, and Yo ).
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 r, , and the
coordinates ®y , €71 of the target center T and the coordinates % ,

€9 of the point of intersection Q of the positive X-axis and the

target circle, both relative to the x,y,z,-system. See Computer's Manual

! for details. (r, = dgf , where d 1is the diameter of the target
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~-sgystem by

! the formulas:

X = -r, sin By = ry sin & cos €, )

' t
| Y = -r, cos By cosyy = r, cos a, cos €, ,
Zz rjcos B, siny, =r,sin ¢, .
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0 Step 4., Compute the direction o , €f of the tangent to the flight path

relative to the xyz-system from:

Xiel - X1

Yia1 - Y41

|
-

tan £, = Ei:l_:;fizl cos af ’
Tyl - Y0
where Xj,) - Xj.; 1is the value of X at t - 0.1 seconds subtracted
from its value at t « 0.1 seconds.
Step 5. Using the GLOOK, find the attack and skid angles u and v , and, if
desired, the bank and dive angles hR* 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 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
both functions at any given instant determined.

The same procedure can be used to find the values of X, Y, and 2 for every
O0.l-second: plot these curves as functions of time and read from the resulting graphs their
values at every 0.1l 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, shrcwing 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 aboreviated 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 38 0 w; » Ty of
the fighter and the coordinates o , €y , &, , €, of the target relative to the

fighter. On the second, No. 62, are computed the cartesian coordinates X, Y, Z of

the fighter, and on the third the direction o, , &¢ of the flight-path relative to the
xyz-systam. The last, No. 64,is for computing u and vy , 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.sured 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 tc 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 eonstant slope. In the second method
the differences should be constant or changing slowly.

Spot chicking should also be applisd. Pick a computation 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

CHAFTER E-1

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 iiver, to
determine the actual flight path of an Army 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 tfighter's position at the beginning of the attack.

E~1.02. 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
discussed 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 ares must be sta-
bilized in the sense that they only translate.along the bomber'ts 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 see "Final Report o.: Photographic Assessment of RP-63 Aircraft Pur-
suit Attacks", (Restricted), Froject Nu. 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 crown-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 Z2-inch lens.

Gun, target, and gyro data were gathered in the same fashion as in F. C. No. 14
(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.

E~1.03. Method of Analysis. The RAZEL~ and forward crown-turret gun-camera films are pro-

cessed in Jhe 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 crovmn-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 ‘he turret axes instead of being rotated
through the expacted flight angle from that position. Hence the pitch readings will in-
clude the flight angle., Since this is correct when the GLOOK 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 thet 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 tail 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,

F~-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 ¢-= 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 %o 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 =T cosf sin a

y = r CoOSE cOS o Equation (1)

z2=rsine
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 XY-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, y', z) where x and 2z are the same as in Equ. (1) and

y' =y + vpt, v, 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 O 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 used 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-2.02, 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 crown-
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 ornly
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 PlO-F and P1l0-G at the times of Col 11-H.

The plotting of the target azimuth (Pl1-F) and elevation (P11-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 GLOOK problem to find the stabilized
azimuth and elevation, the details of which are stated in the Computer's Manual, Section I,
GLOOK Problem Solution Wo. 3.

Cols 24-A and 24-B are for the frame numbers to be assessed on the Martin forward
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crown~-turret gun-camera film and their corresponding times obtained from the proper

conversion table,

Cols 24~C and 24-D are the same as Cols 11-F and 11-G, respactively, or may be

read from P11-F and P11-G, respectively. Be sure that Cols 11-F and 11-G have been
checked before using them here.

Cols 24-E, 24~F, and 24~G are read from P21-G, P2l-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 P24,-J. The stabilized azimuth and elevation are plotted vs Col 24-B

as a check on accuracy and to permit smocthing for interpolation. To avoid confusion,
a separate working 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 GLOCK problem for doubtful points. a

S24-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 25-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-D.are for tabulating the smoothed, stabilized fighter azimuth

and elevation read from S24-H and S24~J, respectively, at the times of Col 25-A,
Col 25-B. The smoothed range availatle on S511-C is measured from the Martin rear

crown-turret. To correct it for parallax tc the Martin forward crown-turret, it is
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read at the times of Col 25-A, © 1is 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
Manual 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 25-E, 25-F, 25-G, and 25-H provide spaces for tahulating 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. (1) of Section E-1.04. Convenient tables of sines and cosines are to be
found, for example, in the "lathematical Tables from the Handbook of Chemistry and
Physics", 7th edition, p. 86 et Seq. Care must be exercised to take data from the
proper colums 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 2z , y ,

and x , respectively. These calculations can be readily performed on a modern
computing machine. Again care must be taken to carry the proper sign to each result.
The value of y' 1is 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

Y' , 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 y' .

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 €' , the value which the stahilized eleva-
tion would have had if the fighter had stayed in the plane of action. Then (fF-¢') 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 terms are encountered in aerial gunnery-assessment operations. The list
contains only those terms not in common scientific use, or those employed in a special or
limited sense. 1
ACTUAL: as applied to this assessment, an adjective describing a sitwation as it really I

existed, as distinguished from what it should have been (see also TRUE).

ACTUAL BORE-LINE: the direction of the centerline 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 computing machine which solves a problem by setting

i up a similar geometrical or physical configuration.
ANGLE-OFF, ©: 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 cf the various target .  are known.

APPARENT WINGSPAN: (see WINGSPAN).

ASPECT: 1in generul, the attitude of the target as seen by the gunner; specifically, the
foreshortening of the wingspan when not viewed pzrpendicularly.
ASPECT ANGLE: the angle between the line of sight and a plane perpendicular to
the wing line from tip té tip.

ATTACK: one pass by a fighter against a bomber. i

CONFIDENTIAL

e pamaiar it AN pro i S e N ilibdet e




—

CONFIDENTIAL Sec. A

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, ~alled the az:muth 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 waist-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
axes 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, Y4, Zg): & coordinate system

whose origin is at the turret center, whose Xg-axia is always parallel
to the gun bore-line and whose Yg—axis is parallel to the traverse plane
(see Section A~2.03 and Fig. 2.06).

GYRO~-AXES, (KG, YG, ZG): a coordinate aystem which translates with the bomber
but does not rotats, and which coin:ides initially (when the gyros are
aligned) with \X,, Y., Z,) (see Section A-3.04).

GYRO-COORDINATE AXES, (Xp, Yp, Z.)* & coordinate system specified by the rigid

mounting of the gyro box; the X Y,~plane is parallel to the plane of the
yaw dial, the YpZy~plane to vhat of the pitch dial, and the Z X,.-plane to

that of the roll disl (see Section A-2.07 and Fig. 2.13).
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TURRET-AXES AT THE ERCO PORT WAIST-TURRET, (Xt’ Yio Zt): a coondinate 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 CROWN-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 instrumont which indicates gun azimuth and elevation directly on appropriate

scales (see also RAZEL).

s sttt i i

AZIMUTH (a): 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 ( % ): the azimuth of the gun bore-line.

PLAXTE AZIMUTH SETTING ( oy ): in parallax correction between O and O' , the ]

azimuth of the direction 00' (see Section A-3.05 and Fig. 3.11).

TARGET AZIMUTH ( a,): 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 paitern about a mean

point of impact.

CATALOGING MARKS: & 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 diagcnals (assumirg 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: 11,1600 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.C1, 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 FIL# 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

tc move dials vhich indicite gun azimuth and elevation for recording directly on the
guri~camera film {3ae 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).

SCTIONAL STABILIZER: (see GYROS).

PERSION: (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 time-of-flight (see Sections A-1.04 and A-5.12 and Fig. 5.06).
DRY RUN: an atiack in which no actual firing occurs.
ELEVATION, ( €): 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.C3 and Fig. 2.03).

ELEVATION ERROR: the elevation component of an error,

GUN ELEVATION, (€q ): the elevation of the gun bore-line.

PLAXIE ELEVATION SETTING, ( €, ): in parallax correction between O and O' |,

the elevation of the direction 00' (see Section A-3,05 and Fig. 3.11).

TARGET ELEVATION, (E,): the elevation of the direction from the origin of the

bomber-axes to the target point.

ERCO WAIST-TURRET: a turret manufactured by the Engineering Hesearch 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 no’ affected by that of any other.

EVASIVE ACTION: any intentional Acwiation of an aircraft from a straight path or con-

stant speed.

FIDUCIAL MARKS: on a film,the 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 CA..IBRATION-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, (Po): the angle between Z, and 2 ; approximately the aerodynamic
angle of attack of the wings (see Section A-2.07 and Fig. 2.13).

FLIGHT SHEETS: & record of the conditions, equipment, and personnel involved in each

flight (see Section A-2.09 and Figs. 2.15 and 2.19).

FORM SHEETS: data sheets for use in carrying out the assessment systemetically (see
Chapter A-5 and A-6). For the method ~f 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 design:te the propar 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 wore general rotations of axes than the

CRADLE; for example, in corrections i 1ges in bomber attitude (see Section A-3.0i

and Figs. 3.01& and 3005)0
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 (sge 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~CAMERA: a gun-camera whose optical-axis makes a fixed, non-zero

angle with tne 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 GYRO (Y-HOTOR): a particular type of gyroscope whose

axis of rotation is designed to be parallel to YG (or Xg ); measures
yaw,

VERTICAL FLIGHT GYRO (Z-ROTOR): 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. 2.1l

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, (1) the motion of the guns abort the turret's

axis of rotation (see Fig. 1.02); (2) the dihedral angle between the X;Yy-plane and

the traverse plane (see Fig. 2.C6).
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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-shots, level-shots, and position-shots.
LEVEL-SHOTS: pictures for each installed gun- and sight-camera and lens showing a line
parallel to the XY-plane (see Sections A-2.10 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 allow 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 CROWN-TURRET: a turret manufactured by the Glenn L. Martin Company and installed

in the PBLY-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: O©,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 = 1.0000003 Navy mils.

OFFSET ANGLE, ( 8): the angle in the XY-plane between the Erco waist-turret's axis of

rotation, Yy , and the Y-axis (see Section A-2.03 and Figs. 2.04, 2.05 and 2.06).

OPTICAL RANGING: (see STADIAMETRIC RANGING).

OVERRANGING: 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 winigspan.

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 turmed 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 symmetricsal 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 3.07).

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. 3.14).
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PRESENT TIME: (see FIRING TIME).

PURSUIT CURVE: the path of a fighter attacking a bomber.

RADIAL ERROR: 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 wingspan
of the target and adjusting the ranging pips (see Section A-2.08).
RAZLL-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 wnich 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 RAZFL scales (see Fig. 2.07).

RELATIVE AIR DENSITY, ( © ): 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 renges.

RETICLE DIAMETZR: on a Mk 18 SIGHT, the inside diameter 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-GLOOK: 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 & 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-DOAN: the decrease in the speed of a projectile due to air resistancs.

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 RANCING): 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
~f the propeller hub on a single-engine fighter like the F6F (see Section A-1.04).
TEST-STRIPS: (see LENS~CALIBRATION SHOTS).

TIME-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-1.03).

TIME~OF-FLIGHT METHOD: (see TRANSIT-TIME METHCD).

TIMING MARKS: a set of dots or streaks placed on a film at regular time intervals by 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-time.

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 MSTHOD): 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, (1) the motion of the guns about their axis of rota-

tion (see Fig. 1.02); (2) the angle between the projection of the Xy-axis on the
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traverse plane and the gun bore-line (see Fig. 2.06).

TRAVERSE ERROR: the azimuth error multiplied by the cosine of the gun or 3

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-ANGLE 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
(sese Section A-2.10).

TURRET-AXES: (see AXES).

TURRET CINTER: (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 wingspan.

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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VERTICAL-FLIGHT GYRO: (sme GYROS).

WING-LIGHTS: special lights mounted on the wings to define clearly a known wing distance
and thus facilitate stadiametric ranging.

WING-MARKS: <ctrips 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 WINGSPAN: the image of the wingspan in a sight or camera or on a

screen,
YAN, (Y): the angle through which an aircraft has turaed 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 GYROD).
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NOTATION AND ABBREVIATIONS
(Unusual terms used below are explained in the GLOSSARY)

in parallax correction between O and 0' , the rectangular coordinates of O
with respect to bomber axes centered at O (see Section A-3.05 and Fig. 3.11 (a)).

a, b, c:
& : azimuth.
o, ¢ PLALIE azimuth setting.
_ng gun azimuth
oy : target azimuth
AMG-C: Applied Mathematics Group at Columbia University.
AMG=N: Applied Mathematics Group at Northwestem University.
AMP: Applied Mathematics Panel.
API M-8: armor piercing 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-3.05 and
Fig. 3.11 (b)).

& : offset angle.
£ : elevation.
€,: PLAXIE elevation setting

£.: gun elevation

€, ¢ target elevation

——

F. C.: fire control.
F. C. No.: fire control project number, at A. T.
FOF: a Navy fighter, the Hellcat, manufac- .~d by Grumman Aircraft Engineering Corporation.

GSAP: gun sight aim point, used to deseriic ¢ type of 16 mm motion picture camera.

h: in parallax correction, the distance between O and O' on the aircraft (see Section

i: the time interval between frames on a film (see Section A-4.03).

IAS: indicated air speed.
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K = hf: 4in parallax correction, the constant which converts range into distance d
see Section A-3.05).

K proportionality constar.ts wnich convert screen measurements into

K,, K,, K.:
) ) b
Lot RO range or sight range (see Forms 11 and 15).

iL: in parallax correction, the radius of the circular PLAXIE screen (ses Section A-3.05
and Fig. 3.11 (b)).

N. U. P14jE: Research Project No. 14, Northwestern University, Evanston, Illinois. The

E denotes work done at Evanston rather than elsewhere. PlL was active until
31 October 1944, after which it was designated P22,

P: pitch,
Po: flight angle.

PB4Y-2: a Navy patrol bomber, the Privateer, manufactured by Consolidated Vultee Aircraft
Company.

0 : relative air density.
r: range.

ro: the range setting on a Mk 18 sight during the ranging shot (see Section A-5.15).

R: roll.
sO: 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).
z: tima-Of‘ e

Tp: time-of-flight (final) (see Section A-5.07 and Form 13).
Tr: time-of-flight (initial) (see Section A-5.05 and Form 12).
TAS: true air speed.
©: angle-off.

Us Se Ne A. T. C.: United States Naval Air Test Center.

LS the wingspan setting on a Mk 18 sight during the ranging shot (ses Section A-5.15).

X, Y, Z: turret axes at the Martin forward crown-turret, or bomber axes.
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Xs, Yg’ ZH: gun axes at the Erco port waist-turret.

Xg, Y5, Zg¢ gyro axes.

Xpy Yy, Zpt gyro-coordinate axes.

™

X, Yi, 24: turret axes at the Erco port waist-turret.

Y: yaw.

zenith angle.

(L]
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F, A HIT 18 SCORED WHEN F, AND P' COINCIDE

PATR OF FIQGNTER

PATH &F BOMBER
—

Fig. .|, Bomber defense.
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TURRET'S AX)S OF ROTATION (AZINUTH) GUN®S AXIS OF ROTATION (TRAVERSE)

g

CENTER OF TURRET 18 AT B r){
GUN®S AXIS OF ROTATION (ELEVATION)

TURRET'S AX13 OF ROTATION {INCLINATION)

MARTIN CROWN=TURRET ERCO WAIST=-TURRET

Fig, 1.2, Diagrams of turret and gun motions.
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ERCO PORT WAIBT-TURRET

(BOMBER AXES CEWTERED
AT ERCO TURRET)

MARTIN FORWARD
CROWK -TURRET

Figs 2.02. Turret axes at Martin forward crown-turret and bomber axes
at Erco port waist-turret, '

£ , ELEVATION ANGLE

-
POSITIVI ns 3nOWN [ =y

DIRECTION

=jr
OF BOMBER'S NOSE

@, AZIMUTH ANGLE _——
POSITIVE AS SHOWN

Fig. 2,03, Azimuth and elevation angles,
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w (D

MARTIN FORWARD CROWM=TURRET

ERCO PORT A AW

wAIBT=TURRET \ & e _ OFF=2ET AMWOLE
iy

L D

Fig. 2.04, Off-set angte of Erco port waist-turret.

T (//: ™
=g - THE XYZ-SYSTEM MAY BE CON-
SIDERED AS ALSO CENTERED AV
0 THIS TURRET, BUT 18 NOY
SHOWN N SKETCH,
e

Fig, 2,05, Turret axes at Martin forward crown- and
Erco port waist-turrets.
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NOTE: ORIGIN OF X YoZ
AXES T0O BE ¥'9g
CONSIDERED AT CENTER
OF TURRET.

- TURRET
=T — CENTER

_It

INCLINATION
ANGLE
SHOWN NEGATIVE

/

L ]
TRAVERSE

ANGLE
SHOWN POSITIVE

Fig. 2.06. Bomber , turret , and Xq
gun axes at Erco port
waist-turret.
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Y-ROTOR GYRD "":; _ I=ROTOR QYRO
DUVaL B |
AW y i
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". n'l‘ | 1 ‘
et §
; - T st e i

) woLL B
s BIAL 1R R

Fig. 2,10(a). Gyro mockup in laboratory.

Fig. 2.10(b). Gyros ready for installation in airplane.
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ConvERT 10RE

PORITIVE RDLL = RIGHT Wikg up
PORITIVE YAW = TURWN TO LEFY
POBITIVE PITCH = MOBRE UP

(¢

, PITCH

(“ Y, RotLL

Fig. 2.12. Roll, yaw and pitch angles,

[
Z
~ Y
;_,-_‘:__ = A
. o T = = — --...__L
e = : —_ i %
X Xy

Fig. 2.13. Reiation of gyro coordinate axes X, Y, Z,
to bomber axes X Y Z for Gyro Set No. |,
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Sec.
Form G Flight Plan Details F. C. Nos, 9
b
43
Date 26 March 1945 Time Take-off Time Land
Bomber TAS 140 A. T. No. 1L
Flight No, 6 Fighter IAS A. T. No. 5
Altitude 6000
Attack Turret Gunner
"hinber Type Upper fwd. Upper rear Port waist
Practice | Flat-side Campbell Stavis McKenns
1 n " n " "
2 L} n n " n
Practice | " n i -Niehols— * "
3 i " 4] " n
h " n " " n
Practice { * g Harp Stavis Gallagher
5 n n n n n
6 " ] n " L]

Fig, 2,15 Flight Plan Details
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Photographic Flight "ata F. C, No, 9§

Bomber Pilot's Report —J9_
Pilot &‘_/m;&.@%;// Date 26 Marn <K /945 Flight No. 6 i
Plane A, T. # (¢ Fighter Plane A.T., # 5 and  —— s
Take off time /2/0 . Landing time __ ///3 .
Assigned Altitude 6000 , TAS __ /70 . Evasive Action _noe—nze
1. Before Take-off
Gyros running v . Range calibration filmed — .
Borepoint and Boresight checked by film — o
2. Before attacks give sight settings to gunners
Altitude 6000 + Wing span 43’/ o Ias /X7 .
3, Attack Record, Temp, *+ /0°C s
fntack | Type & Attacking | Win, Actual
No. Direction Plane Liggt.s on| Alt,j IAS| Rcmarks
froctia|TOE T 2 S ek
| o h Yegd |6000|127 o Kk
o - " s 6000|127 O R
Prais - :
3 E “ };Lc«. tooo| /27 oK
4 . “ ! 6000|129 Ok
Pradiis| .
I T R L T gty
6 : ‘ ! 6000 | /27 oK

Fig, 2,16 Bomber Pilot's Report

L., Before Landing, Gyro Running &

Recorder Ko ';7“"6""7/
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Photographic -Flight Data

Sec.

F. C. No. 9

Cbserver's Report (9.
Date L6 arnL /795 (S _
Air: Smooth, rough, bumpy, Flight No. 6 .
Weather: clear, cloudy, hszy. Ceiling C
1. RYP gyros on _/0/0 off /1Y total [#r 4 3nin,
2, Attack Record,
Attack No, Synch RYP
Unit Gyros
Seconds Uncaged Remarks
Reading Before
. After Attack
Attack
i /2 v
o 20 v
Y 3¢ v
5 ¢ g e Fghlen oo Mocr fon F.C. 8 P W
56 v

3. Change in Phase Reports (if any):

Fig. 2.17 Observer's Report

Recordor & M
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Photographic Flight Data ‘ F. C. No, __Z_
Fighter Pilot's Report Wi
L5
Pilot _ Keeg . Flight No. 6 .
Plane # 5 .Date 26 ok /745 -
Film Nos. (sight) /(24X /03 . (Others) —— . —_— .,
1. Boresight burst before take off (sight-camera) " .
2. Sight gyros runndng on Take Off ‘/ Landing ¢+ :
3, Sight settings: ing span 74" 9" Alt, - IAS — S

4. Attack Data.

fitack | Alt, before Actual

No. Attack IAS Remarks

frodic| §o00 260 '
( $oo0 260 0K
2 7800 L850 o K

[halew| FocCO 250
3 gooo 259 oK
4 fovoo LS5 oKk

fraflia| 3500 275
5§ | 7500 250 Aoy Kowr - Ao < Koez
A 8ooo 265 oK

Fig. 2.18 Fighter Pilot's Report
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Film Details

Flight No. b F. C.No. _7 - /9
Date JZ& 7/(a-/7¢%/7‘/5-

: [ ] No.
Roll F Cam. Film | Frumes Cat, Good Remarks

Cam. | “No. | Stop { Opr. | Dens | Sec Lights | a¢tacks

F.
Tri.

v [ - W
Tri,

Tri,

Rz |G| LA

cun | 131 | 8 24

Gyro | /30 8 LY

Gun |/33 | 5.6 L9

st. | 79 8 /6

Erc.

Gun | /00 /6 /6

Erc.
St. /0/ 35 /6

Str.
Hor.

Hor

Hor.

Fig, 2,19 Film Details
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VIfWER}

Fig. 3.01. The CRADLE.

|

Fig. 3.02. CRADLE in operating position,
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Fig. 3.03. CRADLE slid out of way to permit projection of film,
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The GLOOK.
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FLAT SCREEN

Fig. 3.05. GLOOK instaliation,

- —— y— e =K

LINEAS. TCALE
ANO VERNIER

BYVOT 8LOCK LR J

=
: ~—LEVER
| PLAXIE ELEVATION
iy

ScALE
o TURNTABLE

SLi0ER

ARM LOCR-NUT

- TURNTABLE
BASE

Fig 3.06. The PLAXIE.
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Fig. 3.07. PLAXIE installation,

FOCUS ——a s

OBVECTIVE LE&NS

‘ \UGNI'
RECEPTACLE

ELEWATION Scae
AND VERNIER — %

SVOBLE -~

AZIMUTN SCALE
AND VERMIER

Fig. 3.08. The transit.
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Fig. 3.09. Geometry of bore-sighted gun-camera.
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Yaw, Y
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Fig. 3.10. Rotations in the order YRP » Carrying gyro-axes
X Yol, into turret axes XYt
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Fig. 3.11(a). Parallax correction from tri-camera to forward crown-turret,
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Fig. 3.11(b). Corresponding PLAXIE positions,
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« 5,02, Sample Time-of-Flight Table,
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CONFIDENTIAL

5\9 0° 10° 20° 130° 4O° 50° 60°
of o o o o o o0 0o W
.01 9 9 9 9 9 9 9 9
02 19 19 19 19 19 19 19 19
.03 26 28 28 28 28 28 28 28
Ol 38 38 38 38 38 28 38 238
.05 L7 4T AT LT LT 4T L7 47
D6l 56 56 56 56 56 56 56 56
.07 b6 66 66 66 66 66 66 66
.08 75 75 75 75 15 75 15 15
.09 85 85 85 85 85 85 85 85
.10 94 94 9% 9% 94 9L 94 94
J1fl 103 103 103 103 103 103 103 107
12 112
.13 121 VALULS3 OF FUTURE RANGE
A4l 130
W15 139
TIME-OF-FLIGHT
Ammunition:
Altitude:
:;i = TAS of Aircraft: 170 knots
.95 74h9
.96 755 755 756 758 760 763 766
97 762 762 763 765 767 769 1772
.98 768 768 769 T7L 713 776 779
.99 775 715 176 778 780 782 785
1,00ff 781 781 782 8L 786 789 79
1.00ff = 787 787 788 790 792 1795 79
1.02 793 7194 795 797 799 802 80
1,03|| 800 800 801 803 805 802 81.
1.04 806 807 808 810 812 815 818
1.05[f 812 213 81, 816 818 821 82,
1.06|| 818 819 820 822 824 827 83C
1.07|l 824, 825 826 828 830 834 837
1,081 831 832 833 835 837 8LO 843
1.09 837 838 839 841 843 847 850
1.10 843 8L, 845 847 84S 853 856 t
1.11|| 849 850 851 853 855 859 862 ¢
1.12|| 855 856 857 859 861 865 869 ¢
1.13]] 862 862 863 855 &68 &7« 875 ¢
1.14]| 868 868 869 871 87i 878 882
1.5/l 874 874 875 877 8L 6ul, 888
1.16]| 880 880 881 883 886 890 894
1.17|| 886 886 887 889 892 896 900
1.18]| 891 892 893 895 898 902 906
1.19)] 897 898 899 901 904 908 9l
1.20 903 904 905 907 91C 914 9

AS FUNCTION OF

Sec. A
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AND ANGLE-OFF

IN YARDS

e

Caliber 0,50 API M8 (muzzle velocity 2870 ft per sec)

6000 ft (relative air density 0.786)

Fig. 5.03.

56
93
$0C
307

82C
327
133

40

[
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3
9
26
932
939

783
790
796
803
810
817
824
830
837
8Ll
851
858
864
871
878
885
391
898
904
911
918
924
931
937
4,

786
793
80C
807
814
821
828
834
841
8L8
854
862
868
875
882
889
895
902
908
915
922
928
935
941
A48

789
796
803
810
817
824
831
838
845
852
858
866
872
879
886
893
899
906
912
919
926
933
939
946
953

791
798
805
812
819
826
833
8Ll
848
855
861
869
875
882
889
896
903
909
916
923
930
936
943
949
956

Sample Time-of-Flight Table (extended).

793
800
808
815
822
829
836
84,3
850
857
863
871
877
88l
891
898
905
912
919
926
933
939
946
952
959

795
802
309
816
823
830
837
8L5
852
859
865
873
879
886
893
900
907
914
921
928
935
92
948
955
962

0

9

19
28
38
L7
56
66

£
7/

85

94

103
112
122
131
140
149

796
8013
81C
81

8

831
838
8L6
853
860
867
874
881
888
895
902

9Lb
922
929
936
943
949
956
963

796
803
811
818
825
832
839
846
853
860
867
874
881
888
895
90
909
715
922
929
936
943
950
957
964,




Fige 5.0L.

CONFIDENTIAL Sec. A
AZIMUTH (DEG)
!béo 358 356 354 352 3. Bl 282 280 278 276 27, 272 O
01 2 3 4 5678 9X 76 77 78 79 80 |81 82 83 8L 85 86 87 88 89 90
Sloflor 2345678791 76 77 78 79 80 {81 82 83 8L 85 86 87 88 89 90
aliflr 2 234 56789 .76 77 T8 79 80 (81 82 83 84 85 86 87 88 89 90
21 2{2 2 3 4 4 5 6 7 8 9 ;76 77 78 79 80 | 81 82 83 8L 85 86 87 88 89 90
S| 333 4 4567899 576 77 78 79 80 | 81 82 83 8L 85 86 87 88 89 90
|l &ll4 & &4 5 6 6 7T 8 910 '5 76 77 78 79 80 | 81 82 83 8L 85 86 87 88 €9 90
<
ol slls 55 6 6789 910 75 76 77 78 79 80 | 81 82 83 &L 85 86 87 88 89 90
“lelle & 67 7T 8 8 910113 576 77 78 79 80 | 81. 82 83 8L 85 86 87 88 89 90
wil 7117 7 7 8 8 9 91011111 “ 76 77 78 79 80 | 81 82 83 8L 85 86 87 88 89 90
lelle 8 8 9 9 9101111121 76 77 76 79 80 | 81 82 83 8L 85 86 87 88 89 90
99 9 9 9101011 11 12 13 13 76 77 78 79 80 | 81 82 83 8L 85 86 87 88 89 90
10|00 10 10 10 11 11 12 12 13 13 14 | “ 77 78 79 80 [ 81 82 83 8L 85 86 37 88 89 90
11011 12 11 11 12 12 13 13 14 14 15 |2 77 78 79 80 | 81 82 83 84 85 86 87 88 89 90
1212 12 88 89 90
13|13 13 88 89 90
WL M 4 NGLE-OFF, € , IN TERMS OF AZIMUTH e 888990
15|15 15 88 89 90
LA AND ELEVATION € A
17|17 17 g8 89 90
718 0s @ = COS & COS € For 0% £ o 90° 29 90
and 270° £ € 360°
: o° £ ¢ £ 490
30{130 30 o
31|51 31 88 8y ,
32132 32 32 32 32 32 32 33 33 33 33| 34 . 30 81 82 |82 83 8L 85 86 87 87 88 89 9
33(153 33 33 33 33 33 33 34 34 34 34} 35 30 81 82 |82 83 8L 85 86 87 87 88 89 90
341134 34 34 34 34 34 34 35 35 35 35| 36 . 0 81 82 |83 83 8L 85 86 87 88 88 89 90
351(15 35 35 35 35 35 35 36 36 36 36| 36 3 78l 82|83 83 8L 85 86 87 88 88 89 90
36((36 36 36 36 36 36 36 37 37 37 37| 37 3 ) 81 82 |83 84 81 85 86 87 88 88 89 90
371137 37 37 37 37 37 37 38 38 38 38} 38 * )8l 82|83 84 8, 85 86 87 88 88 89 90
3g/[38 38 38 38 38 38 38 39 39 39 39| 39 ! 181 82|83 8L 8L 85 86 87 88 88 89 90
391129 39 39 39 39 39 39 40 4O 40 LO| 4O ;181 82 183 8L 85 85 86 87 88 88 89 90
40ll40 40 4O LO 4O 4O 4O 41 41 41 41| &4 81 82 82 | 83 84 85 85 86 87 88 88 89 90
LA 41 41 41 41 21 41 41 42 42 42| ¢ , 81 82 82 |83 8L 85 85 86 87 88 88 89 90
Lellh2 L2 42 42 42 42 42 42 43 L3 43] L 7 81 82 83 |83 8L 85 85 86 87 88 89 89 90
L3IW3 43 43 43 43 43 43 43 4l Lh L4 L 1 81 82 83 |83 84 85 86 86 87 88 89 89 90
Liltibhy Wby L4 Ly L4 Ly 44 LA L5 L5 L5) 4 | 81 82 83 |8, 8 85 &6 86 87 88 89 89 90
L5||45 45 45 L5 L5 45 L5 L5 L6 46 L] 4 82 82 83 |84 84 85 86 86 87 88 89 89 90
L4llh6 46 46 46 L6 L6 L6 L6 LT LT LT & 82 82 83 | 8L 8L 85 86 &7 87 88 89 89 90
LTILT &7 LT L7 47 LT L7 47 LB L8 LB| LE 82 83 83 | 8L 85 85 86 87 87 88 89 89 90
Le||L8 L8 48 L8 LB L8 48 48 L9 L9 LI9]| 49 82 83 83 | 8L 85 85 86 87 87 88 89 89 90
L5||49 49 49 49 L9 L9 L9 L9 L9 50 50| 50 82 83 83 |8, 85 85 86 87 87 88 89 89 90
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COMFIDENTIAL

Martin Forward Crown-Turret Erco Port waist-furret
I
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Fig. 5.11. Simplified Flow Chart for F.C. Nos. u and I4.

(The numbers refer to Form Sheets) CONFIDENTIAL



RAZEL FILM

A. Read scale at selected 1, Read scales at selected 1.
frame intervals, and record frame intervals, and record
Range Input in Col 10-B gun Az, and E1, w,r.t.* turret
(convert feet to yards and axes in Cols 10-C and 10-D, ** 2,
enter values in Col 10-E).
I 2, Correct Cols 10-C and 10-D,
recording in Cols 10-F and 10-G,
3.
l 3. Plot these gun
I Az. and El,
readings against
| frame numbers
and corres-
I ponding time
scale, Record
l in Cols 14-B and
' 14-C, |
| I
B. Compare with range- l 5.
appraisal obtained by | ////
scaling sight-reticle
and using calculated |
range data (see FLOW 6.
CHART II), L\
~
~N
. 7.
~
s \\\
8.
9.
* 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. 10,
#%% T g Initial; F = Final
##%* Supervisor will supply values of K3 or K, depending on 11,

use of wing-lights or wing-marks,

Using projector
points on scree

Using CRADLE No
w,r.t,* turret
11-G.

Plot and smooth
readings agains
ponding time sc
at iupact-timeI
in Cols 12-<G an

Read graph (ite
in Cols 13--B &an
and El, at impa

Obtain from pro
(1.e., ballisti
per unit time-o
Cols 13-Danmd 1

Multiply by Tp
effects ( a <
Cols 13-G and 1

Compute true bo
(subtract balli
operatioh 5 abc

Compute gun~lea
Subtract true
gun bore-point
Record in Cole

Convert gun-le
14-G). Comput
radians (Cols

Calculate Sing
and bullet dis



GUN-CAMERA FILM

'ng projector and screen, plot target- A.
nts on screen, |

Y
.ng CRADLE No, 2, obtain target Az. and El,

. t.® turret axes, Record in Cols 11-F and

G, ¥

't and smooth these tgrget Az. and El,
idings against frame numbers and corres-
iding time scale, Record smoothed data
impact-time *** (intervals of 0.1 sec)

Cols 12=G and 12-H.
‘_/n.

4. Compute ©, the
"angle off" from
table provided,
Record in Col,

12-C, E.
2 4
d graph (item 3 above) and record Y
Cols 13-B and 13-C the target Az,
- E1, at impact-timep, #** G.

ain from proper DOFOGRAPH -%?5 and 2%
e., ballistic effects on « and ¢

- unit time-of-flight), Record in

8 13-D and 13-E.+

tiply by Tp to odbtain the ballistic
ects (a « and ne ), Record in
8 13-G and 13-H

<___—_-—'

pute true bore-point Az, and El, at firing-timep
btract ballistic effects from values obtained in
ratioh 5 above), Record in Cols 13-J and 13-K.

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 14~D and 14-E,

nvert gun-lead errors to milliradians (Cols 14-F and
-G). Compute traverse and radial errors in milli-
dians (Cols 14-H and 14-J).

lculute Single Shot Probability for known target size
d bullet dispersion (see AMG-C Report 302).

Using projector and screen, scale wing-lights
and/or wing-marks, and record in Cols 11-B and
ll-Do l

Calculate range data from the formula:¥*®#*#

K K
I‘:—lor_g
S n

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,

Obtain bullet flight-times, T*** to the
nearest 0,005 second from proper AMG-N Table II,
Record in Col 12-E,

Calculate firing-timey (subtract time-of-
flight, Ty, from impact-timey). Record
in Col 12-F,

Plot time-of-flighty against firing-timery,

Choose firing timep*** at RAZEL frame numbers**.
Record in Col 14-A. Read the corresponding

c——time-of -f1ightp***, and record in Col 13-F,

:| Calculate impi;t-timep (corresponding to firing-

~

timer) by adding time-of-flight, Tr, to firing-
timer, Record in Col 13-A,

FLOW CHART I
HIT PROBABILITY

FROM MARTIN FORWARD CROWN-TURRET

Using RAZEL in place of Tri-Camere Film, but

(1) Range Correction for Fighter
Aspect and Amount Fighter is
off Gun-Camera's Optical Axis;

(2) Roll, Yaw, and Pitch,

CORFIDERT

8 May 1945

Neglecting:



GUN-CAMERA FIIM SIGHT FIIM

/

1, Referring to Flow Chart I, Gun-Camera 1. Using 16 mm projector and screen A, U
Operation 3, read graph of smoothed (Bay 1), mark target and sight- n
target data, In Columns 16-C and 16~D points on the screen, a
record target As. and El, at the time n
intervals corresponding to sight-film al

frame pumbers,

e

3 2. Using CRADLE No. 1 in target-to-sight- B. A
point solution, determine Az, and El. byl
of sight-point w,r,.t.* turret axes.

Record in Columns 16~F and 16-G.

3. Compute TRACKING ERRORS in Az, and EJ, C, C¢
by subtracting target date from sight re
data, Record in Columns 16-H and 16-J, r

Re

4. Use "Radial Error" chart to compute D. Cc
RADIAL TRACKING ERROR in milliradiens. by
Record in Column 16-M, (The Az, and 14
El, components of tracking errors — re
Columns 16~H and 16~J — may be con- (1
verted to milliradians by using con- le
version table, the milliradiaen vaiues
being 2ntered in Columns 16-K and 16-L.)

5. Compute iraverse error in milliradians. E. Cc
Record in Col 16-N, ir

FLOW CHART 1I
RANGING AND TRACKING ERROR!
FORWARD CROWN-TURRI
] ; (Supplements FLOW CHARTS |
* w,r,t, = with respect to ?

#%Obtain "sight-range" constant from supervisor.



L.)

8,

— e

Using 16 l;?\EQOJector and screen,

mark vieible reticle-points, and measure
as many of the three diameters as deter-
minable, Record in Columns 15-C, 15-D

A

GUN-CAMFRA FIIM

Referring to Flow Chart I, Gun-Camera
Operation C, read graph of smoothed
range data, In Column 15-J, record
range values at time intervals corres-
pondin§¥§p sight-film frame numbers.

and 15-E, L
Average the reticle diameters and ///;?//;n the graph of smoothed r:;;::\:I:B\\

record in Column 15-F,

Compute "sight-range" from the average
reticle dimater, using the formula:
ras constant*#

average reticle diameter
Record sight-range in Column 15-G,

Compute RANGING ERROR Yfrom Heticle)
by subtracting "smoothed range" (Column
15~J) from "sight-range" (Column 15-G);
record difference in Column 15-K,

(This is the gunner's error in manipu-

lating the reticle range-control,)

Compute percent range error. Record
in Col. 15-M,

ON CHART II

ACKING ERRORS IN MARTIN
D CROWN-TURRET

FLON CHARTS I & III)

plot RAZEL range-input. (Column 10-E)

In Column 15-H record range input
values at time intervals corresponding
to sight-film frame pumbers.

Compute RANGING ERROR (from RAZEL)

by subtracting "smoothed range® (Column
15-J) from "RAZEL range-input" (Column
15-H); record difference in Columm 15-L,
(If sight mechanism was functioning
properly and if plotting- and calculating-
errors are negligible, the RANGING

ERRORS obtained by these two methods,

D and D', should be the same,)

CONFIDENTIAL
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RAZEL FILN GUR

1, Read scales at selected
frame ‘ntervals, and
record gun Az. and El,
w,r.t.* turret axes in
Cols 10-C and 10-D, %%

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),

1, Using projector and screen,
plot target-points on screen,

2, Using CRADLE No, 2, obtain
target Az, and El, w.r.t.*
turret axes, Record in

2. Correct Cols 10-C and Cols 11-F and 11-G,

10-D, recording in Cols ¥

10-F and 10-G, 3. Plot and smooth these target

Az, and El, readings against

3.

Plot theao £un
As, and El1,
readings against
frame numbers

and corresponding

frame numbers and correspond-
ing time scale, Record
smoothed data at impact-

time *** in Cols 12-G and
12-H, at intervals of 0.1

time scale, Re- sec,

cord in Cols 14-B

and 14-C, 4. Compute O, the

| "angle-off",

from table

provided,

Record in

Col 12-C,

|
|
|
|
|
|
|

¥

B. Compare with range- I
appraisal obtained by
scaling sight-reticle '
and using calculated Y
range data (see FLOW | 5, Read graph (item 3 above)
CHART II) , and record in Cols 23-B <«

and 23-C the target Az. and
L\ El, &t impact-timep, ***

N 6. Use GLOOK to compute target Az,
NS firing-timep, Record in Cols 1

N 7. Obtain from proper DOFOGRAPH -%
AN € per unit time-of-flight).

8. Multiply by Tr to obtain the ba
Cols 13-G and 13-H.

* w,r,t, = with respect to 9. Compute true bore-point Az, and
- from values obtained in operati
*# These instructions assume that all films correspond
freme by frame, If they do not, interpolation of 10, Compute gun lead errors in Az,
the graphs will be required to "synchronize" data. Az, and E1, from the actual gun
in Cols 14-D and 14-E,
%% T = Initiel; F = Final
11, Convert gun lead errors to mill
and radial errors in milliradia

###% Supervisor will supply values of K3 or Kj

depending on use of wing-lights or wing-marks,
. 12, Calculate Single Shot Probpbili

(see AMG-C Report 302).

o



GUN-CAMERA FIIM GYRO FIIM

=
green, A, Using projector and a;:;on, scale wing-lights 1, Read dials at selected
screen, and/or wing-marks, and record in Cols 11-B and 11-D, frame intervals and record
yaw, pitch, and roll angles
btain B, Caloulate range data from the formula:***# in Cols 21-C, 21-D and 21-E,
r.t.* K K Record in Cols 11-C and 11-E,
in r==tor 2. 2, Correct yaw, pitch, and roll
. ® l for initi+’ gyro reading
(see supervisor). Record
target C. Plot and smooth range date against frame num- in Cols 21-F, 21-G and 21-H.
against bers and corresponding time scale, Record Add "flight angle®, P,, to
respond- smoothed range data in Col 12-D, pitoh. Reeord im Col 21-J,
rd
ct- D,|Obtain bullet flight-time, Ty***, to the 3. If necessary (see super-
and nearest 0,005 sec from proper AMG-N Table II, visor) correct roll and yaw
0,1 Record in Col 12-E, ¢ readings for use in GLOOK
(using AMG-N Table I).
E, Calculate firing-time] (subtract time-of-flight,
e 9, the Ty, from impact-timey). Record in Col 12-F, 4. Plot pitch, roll and yaw
—off'", against frame numbers and
able F. Plot tine-of -flight; against firing-timeI. corresponding time scale.
|“!
| in G, Choose firing-timep*** at RAZEL frame numbers,**

5. Read graph (item 4 above) and
record on Form 23 the piteh,
roll and yaw of the turret
axes at impact-timep and

at firing-timep,

=G Record in Col 14-A and 23-G. Read the corres-
ponding time-of-flightp}** and record in Col 13-F)

ove) H.| Calculate impact-timep %correaponding to firing-
=B <§—————-——+ timer) by adding time-of-flight, Tr, to firing-
lz, and timep, Record in Col 13-A and 23-A,

223

ute target Az. and E1, at impact-timep w,r.t.* turret axes a
icord in Cols 13-B and 13-C,

' DOFOGRAPH -5 and 4§ (i,e,, ballistic effects on o and
te-of -f1ight). Record in Cols 13-D and 13-E,

I
) obtain the ballistic effects ( nx and ot ), Record in FLOW CHART IIX
H,

HIT PROBABILITY FROM
)»-point Az, and El, at firing-timep (subtract ballistic effects

ined in operation 6 above). Record in Cols 13-J and 13-K, MARTIN FORWARD CROWN-TURRET

errors in Az, and Fl, at firing-timep, [Subtract true bore-point Using the GLOOK for Roll, Yaw and
the actual gun bore-point (i,e,, corrected RAZEL data)]. Record Pitch Corrections, but

M’Eo

l Neglecting: (1) Range-Correction
errors to milliradians (Cols 14-F and 14-Gl. Compute traverse of the Fighter
) in milliradians. Record in Col 14-H and 14-J, Aspect;

v (2) Amount Fighter is
Shot Probgbility for known target size and bullet dispersion off Gun-Camera's
b 302), a Optical-Axis,

GONFIDENTIAL

— 25 May 1945



_

Time
(Sec)

988 TO0°* 7Sa8Jgeau

SpuUODasS 0% POLISAUCD Y=OT TOD

i

Gun El.
(Deg-Lin)

UuTw 3saJesu

H-0T 100 sAa H-0T 10D 30T1d

(aosTagzadns JIneuod)
pPa302J300 ssaTun (=0T TO) ST sSues

Gun Az,
(Deg-diin)

UTw 9sasaeau

H-0T 100 sA J-0T To) 201d

(xosTAzedns 9TNSUOD)
pe3o8ad00 ssaTun 42 + (D—0T T0D) s® aweg

Corrected Values

Hange
Tnput
(Yards)

pIBA qsagesu

ydead uriaepn uo
H-0T 100 sAa ¥—0T 10D 3o01d

CONFIDENTIAL

dlevatiop
(Deg-tiin)

uTwm 4saJesu

(Butpeay WITJ UO [ *3085 93S)
Wty TIZYY WodJ pead °*T: uny

Azimuth-2°
(Deg-tiin)

uTw qsaJesau

(dutpesy WITJd U0 F °3095 99S)
Wity TIZYVY WoIy peed ,2- °*2¥ und

Film Dial Readings

(]

g
(Feet )

Input

Ran

788] QT 1SeJwau

(3utpesy wtld
*30935 9@9s) Wty TIZVH
woaJ peaa sfusa ndut THZVY

Frame
tlurber

sJaqumu oweXJ TAZVY

Started
Completed
[ Sheet _____ of

By

RAZEL DATA
Martin forward crown-turret

CONFIDENTIAL

Flight No.
Attack No.
F. C. No.

Form 10

—



N. U. PILE 25 kay '45

Target Position

CONFIDENTIAL

Time
( sec)

——

29s TNO* 1eageau SPpUODAS 07 PAIBAUOD Y-TT TO)

Elevation

( Degqﬂin)

8AIMD UJO0UWS UT MBJIP :H)-TTS
H-TT TOD sa H-TT 10D %01d :H)~TTd

UTw 13SaJgeau 2 °ON uorqnTog
Wa1qoId IQYHO Fursn °TH 3e5J®3} UTEAq0

Azimuth
( Deg-Min)

~—

9AJND Yyjoouws UT meap J-TTS
H-TT T00 sAa 4-TT ToO 30Td :4-TTd

UTw 4SaJEsl ¢ °ON uoTnios

weTqQoxd QYYD Jutsn °zy .3efaey uTBIq0

Range
(Yards)
I‘-KQ/B
E

pJef qsadeau Jostagadns £q psqoeJaTp ©OS

JT ATuo uumTo® STY3 wWOJJ 4=TT 190

= 93u
aduea qot1d pue aqnduo) Sy e

ding ..arks

Screen

Length
(Inches)

(4 *308¢ @9s ‘eampedouad
JutTeog-23Ury) UeaJOS U0 HIBW-FUTM
07 JJBW-3UTM WOJIJ q85JI87 eInses

UoOUT TO°® 43SaJaedu

Range

(Yards)
K1/B
C

r

8AJIND YJOOWS UT MEJIP
H-TT ToD sAa O-TT To0 301d

paef 9sageau Hx Jo anTeA J0J Jostagadns
4TnsuUoD J0 9TQ®} UOTS

~JoaU00 a9uBJ UTIBY O[]

0-TT1S
:0-Tid

g-TT T°)
||ldwlll = 88uey

Ning Tip Lights
Kl:

Screen

Length
(Inches)

Yout Tp® 3Seaesu (4 *30e8g @ss ‘aampaddag
durTeog-93ury) UseIds Uo ITT-TITm

09 AUITT-3utm woaJ qe8aeq aansesj]

Framre
pumber

SJI9qUNU SWRJIJ BISWED-UMS UTI I

By
Started

Turret

RANGE AND TARGET POSITION

via CRADLE in Booth No,

— . ——————

ght No.

Attack No.
F. C. No.

™

e

in

Completed

|Sheet

ol

orm

r
—

CONFIDENTIA.



CONFIDENTIAL

4 s | &4
4 o o e )
= 0 Q.Y (L) oo uTtur jsaJdesu
WwEH > o :
4 8738 %o t
_mg el \A— (g=-TT 10D uT sewT3 o
q B es = 18 D-TTS PUe J-TI[S WOIJ PBaY :6ATIBUJILLTY)
M Mmﬂ h% pe33TWO 2q u®d 0s fO-8T Pu® J=8T STO) S®B oWeS g
d o 2
N 288 5 ¥ |lo uTw qsaJeau =
A o & % 2l
= §9 4 g'le
i <~ a5 S <3 |
] T
—~ ~—~~
Pod 8 285 T0Q°® 1s8J'3U (2-21 TOD) - (8~2T 1°0) 2
- m - ) fxy 2
toed
ﬁ —~ .m ~—r M
a
o SAINO YJJOO0UuS UT MBID :M—218. m
o~ ydeas urqaep uo J-gT sa g-gT ToD 101d :3-Z1d =
- S~ 3 o
O 0N - I fey o~
m A ES (= 08s ¢OO°* 1Saaesu L UT®B390 03 (-ZT pu®e J—¢T STOD U3Tm (J0STA = £
g =d_ —Jadns 4Tnsucd) pesds JT® onJq ple UOTFFUNUME - 3
%2 ‘opnqTyTe Jodoad Joy oTqey UITLI-Jo--euWTq es( m
\? v
o (4-2T 10D ut E
Elor pIef qssaeau S8WTY 3® D-TIS WOJJ pedy :8ATFBUIALTY) M
g m i = 3-gT 10D S®B aweg =
" (6 PUTT 07 =TT T4-TT < m
o —~ J0 ‘H-ZT ‘D-2T STOD 9S[) :SATIBUILLTY) del
o M. - saJdep qsaarau 8 puty o3
=) (osa3sp 9saJeou BY3 03 3 DU 8umyer)
g H=8T pu® D—-8T STOD YiTm aTqe31 @ os(]
o~ (99s TOO*® 3saaesu
A 9 03 DOLIDAUOD Y~gT TOD :9ATIBUISITY)
.45 0 =
e puodss §,T°Q Ut 8wty 3sT] . .
CER
ol = 2 M
g O - (sasqumu sureay egswred-und UTQIBY 3STT P9ATIBUIILTY) o oS B
hm = 8UOp usaq SBY QT WIO] ® JT osh qou o(g m m < e
Hi

CONFIDENTIAL



CONFIDENTIAL

N. U. PIAE 25 kay '45

+ El
m m m ﬂ uTw 3s9Jedu (H-€T T190) - (0-€T 1°0) ..m
n, £ aj
i )
[V a
o S
3 - =
g2 .5
g % s M UTW }Sedesu (9-€T T00) - (d-€T T00) b
[T ® 9
= g = ~ |
NER
'H S 6
o eu.m/ uTw 3s8IB9U (4-€T TO0) X (E—-€T T0D) —
i S 4= 3
Pl =
nw © =
z 8 =
— o — o
3 § 5 utuw 3soaesu (4-€T T00) x (Q-€T ToD) s 4
! , £ & 3
s
2~ g
o E— — a
808 = 8 08s T00°* 3s@JELU Y=7T TOoJ uT seuTq e ¥~gTS WOIJ pesy m g
o~ 2y o+ B4
%5} (&}
o]
= O
d9s/uTw 3saaeau L I =
g & ¢ )
2, p 3V 0V urejqo .
S5 03 (Jostagsdns aTnsuod) peads JTE enaj pue m
£ o v UOT A TUNILTE " 5PNILTLE Jo00Jdd Jd0] Ravunoao 3&n
&
¥ 09s /utw js9a®8U
q
ke} ~~~
o =
SE% .4 UTW 3saJe
233 |gd i 3uzen
SEE @b |
S83|_& 0~€£Z_pu= g-£z SO0 oIy |
L8 SRS v T "ON UOTIN[08 We1qodd OO D Ad psureaqo
05 34 5§
@ g 0 !
g A=l s uTwWw 3soJesu o o
=~ o~ nw & 5 m —MIJ
- — ) t k R
aed 9 B8 g
E 8 29s TNO°* 7SaJaesU (4~-€T TOD) + (V-%T 100) pt s AR

CONFIDENTIAL



(killi-
rad)

>(D="TT T90) + (H-7T T00) \)Wpﬁano JIo ‘Joage

TeTpel puTy o3 J-£T TOD pu® F-#T T0D
‘=T TOD UITM 3JBYD JOII® TETDPRI as(

H

Traverse |nadial
rad)

(lilli-

PBJITTITW T° 1qSeJdesu

(44T To0) x
(0~€T 100 509) = JOIIo 9sI8ARI]

Llevation

PRATTTYIW T° 14SaJdeau

SUBRTPBITTTTW O3 Palloauod f=tT TOD

N. U. P14k 25 lay 45

Azimuth

srrors at iiring Time

PRITTTTIW T* 3Ss8JI®au

SUBTPRJITITTIW 0% PajdsaAuod (-1 100

-

B

( Deg-Min)|(Millirad) |(4illirad)

Gun Lead
(. ctual Position kinus T[rue Position)

slevation

UTW 3ssJvou

(J—€T T9D) = (0-%T T9D)

CONFIDENTIAL

Azimuth
( Deg-Min)

uTw q4sSedrau

(P~€T TO0) - (g-%1 T100)

jon at
tlevation

L
)

UTw 3s$8Jeau

V=T 10D

Firines Time

Gun Posi
( Deg-Min)|(Deg-Min )

Azinuth

]
)

UTW q$aJaroU

UT SoWt3 38 D-O1 PU® =0T 510D S owes

Firing

Time
(Final)
(sec)

#=

%28 TNO°® 1sadeau

“(3-2TSy oAINDd J ouj woIr

pead oq UBD aNTBA ® YOTUYM JOJ SWT} 3SaTTJaee
8U3 U3TMm JUTIBIS (H-0T Hoov.muwnesc sureJdy
THZYY 03 Juipuodsagaoo 089S UT SWIL3 ASTT

of.

Completed

| Sheet

Started

Turret

CORRECTED FOR RYP
Martin

GUN LEAD ERRORS
CONFIDENT!AL

Flight No.
Attack No.
F. C. No.

{ Form




Percent
Sight
Range
Error

%1 3seJesu

P=$T 100
¥-51 1oo OOT

Pz

From

RAZEL

J

rds)

paef 9gsageau

(£~ST T90) - (H-ST T00)

i

(Yo

From

pIef qsagesu

(P-ST T0D) — (9-ST T99)

N. U. P1LE 26 May 'L5

Range

pIRL qsegeslu

¥-¢T TOD UT sewT3 98 O-TTS WoIy pesy

pIeL 3sagesu

¥=$T T0D UT sewTq 38 F—OTd WoIJ pesy

Sight |RAZEL {Smooth }Range urrors

Range |Range

pJef 9saJeau

(€4 Jo enTea JoF JostAzedns 4-CT TOD

3INSUOD JI0) 4-ST TO) Pu® oTq®d o
UOTSJI2AUOD 98UBI-qYITS UTIBR oS(]

CONFIDENTIAL

Average | (Yards)(Yards}(Yards)|Sight

YouT TO°® 73Sodeou

£
(=6T T00) + (Q-ST T00) + (0-ST T0J)

3

UouT T0° 1388JIBaU

(Inches)

JOUT TQ*® 3SeJesu

WITJ-YSTS UTHIEN
WOJIJ PaJNSEIN SI2JWETP STOT3IS8L (8pTsul)

ieticle Dia. eters

YyouT TO°® 9seJesu v

(Sec)

998 TOO*® 49Saaesu

SpUODaS 07 PBIISAUOD Y-GT TTH

Camergd Time

Sight
Number

'rame

SJOqUNU SWBJJ BISWEO-1USTS UTIIBY

v e u vmr—

Complated

Started
rSheet

By

o
LY

Turret

GUNNER'S RANGE ERROR
Martin

CONFIDENTIAL

ot ——r—

F. C. No.

Flight WNo.
Attack No.

Form 15




- T
Wm mqlw ! PEATTTTuUui T* 19saaezau (N=9T To0) X (U=~9T TOD suTs02)
vau A g “
S d=9t
3 PESTITTTIW T° 9Sadeau pue (-9T1 qmloﬁ sTon JuTsn 3JBYD JOJIJID
o]
R

™

I}

.‘A.S\)

TeTpel Jo Naqloa 100) - NMZl@H Too) L

&

[ R LSOR S

N. U. PLLE 26 Lay '45

i E1E

Y]]
LA—L\'J.

m

hie

.L”w PRITTTIW T° 3SaJTau SUBTPEJITTTT O3 POILAUCd P~QT TOD
A
i
.ﬂm PRITTITW T° 79SsaJeau SUBTPRJITTTTIW O3 P33ISAUCD H-9T TOD
r/hg(
w% N UTW 3Sedrau (0-9T TO2) - (9~9T ToD)
-
—— % +
Wb uTur 31€aJdesu AOIQH HOOV - An_.lo._” HOOV

El.

l

uTrl 1saJdesu N

g *ON uoTqAnTog

(Deg-Min)

o,
"

CONFIDENTIAL

SIGHT POINT

M uaTqoad FIIVHO £q T *oN Aeg ut psureiqo

uTw 9saJdeau

cos D

(ea8y pagsque a0 8TqE] WOLJ
170° 1saaesu £T7302aTp pasn aq ued) (=9T 100 8uTso)

UTUI 3S9JdE8U
w =0T ToD Ut

Smoothed
Tarr-et
l O‘)itj.on

) SOWL3 7€ D-110 PUE J-110 WOAJ PEor
uTw 3Ss8Jamau

Time
(Sec)

(=6T 10D s® sums)
998 \NN° qsaJdesu SpUODas 09 PaISAUOCD V-9T TOD

Camera
Frame
Numbe 11

Sight

(V-ST 10D se ewws) 5J9qUNU SWBIJ EJISWRO-JUZTS UTFJIE]

of

Started
‘Com leted
Sheet

By

Turret

Martin
CONFIDENTIAL

GUNNER'S TRACKING ERHOK

Via CRADLE in Bbooth No,

E‘. C. NO.

Flight No.
Aktack No.
Form 16




N. U. P1LT 26 May '45

CONFIDENTIAL

in) |

9AIND Yjoo0ws UT meap H-BTS

jelVe
3 .m.m g-8T 10D sAa H-8T ToD 201d :H-81d
) s UTW 9SaJavau
m C 5 & Z 'ON UOTINTOS WeTqoxd HAIXVId £q
w o m HE POUT®1qO 38J1JN3 00JT 98 UOTRBASTY 193J®]
Sy
SR ~ 2AIND Yjoows UT MBIP :H—8TS
® e E 55 g-8T T0D sAa D-gT 10D 30Td :D-gTd
g0 8 oA m =l UTW 1ss.JBaU
) =K Z *oj uoT3nyoS wetqoxg AIXVId £q
<A PoUT®RIqQO 3oJJan3 00J% 1€ ynwrzy 3e3ael
\m-
- m 2 YouT T00° 3sagesu q-8T T00/%99 = P
g
(A
™ )j
8% 8
..nuvu Mub.m wu... ‘m 55 .mu.H.m\m 1S aJesUu g~8T Too Ut
Sed A 5 sewT3 4e (UTAIE]) O-TTS WoaJ pesa aSuey
8+ ~
[/p]
o n
I, a5
2.0 s34 UTW }sadeeu g-8T TOD UT seuTy 9e
0 mm 23 (UT3aem) D-TTS WOJJ peSI UOTIRASTH 393JB]
a —~ 0
= O 2] ~]
m ¢
o A
O O 4
Koget —~
203 S5
S > 250 o uTw 9segesu g-8T TOD UT souwTry 3®
& 5w 3 o (UT3aER) J-TTS WOIJ pELI '{INWIZY 305JB]
— <A .
m e
g o
.m Sl = puooss s, T°Q UT suT]
|
Q &~
3|l <
4
=

Started .

By

PARALLAX CORRECTION
From Martin Forward Crown-Turret

Flight No.
Attack No.

L
(o]
S ]

™ |0

[ DI ]

+~ | &

o

3 —

g

S &
=y
[¥aN
0
n
o
L2,

o 3

mO
wn\

m.

_=

L

n

o

o

[o]

[a ™Y

Q

(9]

£

n
hA

To
h = 10.9 yds; et; = 185°391; &7

No.

F. C.
Form 18

CONFIDENTIAL




GLOCK
Pitch,
P+P

utTw 9saJlzeu

4=Tz To2 <4 [f=1¢ 190 2o1d :p-Tod

*198S WI0Y
STU3 Jo woqioq sss g aog *9g + (v=-Tc 190)

UTW 4s8JTau

g-T¢ ToD sa H-TZ To0 10Td :H-Ted

(7-T2 T0o0) — (SuTpesaa TToJd TEBTIIUT)

No. Us PLLE 25 Lay '45

(Deg-14in)| (Deg-}in) (Deg—iiin )|

Pitch,PzwP| Roll, Rz

utw 3saJdeau

{¢=T¢ ToD) — (Butrpeea yo3trd TeTITUT)

Corrected Values

TUTW 94SaJesu

g-T2 To0 sa J4-Tg To0 3o1d :4-Ted

(Sutpeea mef Ter3Tur) - (2-T2 T0D)

roll, R'z | Yaw, Yy
(Deg-!tin) |(Deg-Lin)

UTw 9saJeau

CON FIDENTIAL

Pitch, P'z
(Deg~kiin)

uTw 3ssJ2sU

(Butpeey WTTJ uo
4 *309C 93s) WIIJ oxL8 woaj s3urpeay

Film Dial Readings
Initial Readings

(Deg~Vin)

Yaw, Y'y

)

UTW jsaJesu

Time
(sec)

998 TNO* 1qsaJdeau

SPUODSS 03 DP&LIBAUOD V-T2 TOD

Gyro
Camera
Frame
Number

SJ9qUNU SWEBJIJ BISWED OJAN

of

Started
Completed
Sheet

By

GYRO FILM DATA
Gyro Set No. _}
Flight Angle, P,

CONFIDENTIAL

Form 21

Flight No.
Attack No,
F. C. No.

| |

\

y



CONFIDENTIAL

N.U. P14E 26 June '45

m 5 % UTw 3S3JBdU 0-€Z TOD UT sauTy 3® J-Tgd WOIJ pPEay
+ «m L w\
& 8 3 m
m = “w kS
o4 - _n o
“1 3 m UTW 3s9Je0U =gz TOD UT SaW3 3B H-TZd WOIJ peay m g
+ nm.R = nw &)
< a
@
.m —~
.m = ol m UTW 3s8Jesu D-€Z TOO UT sawT3} 3® ~Tgd WOIJ peey
L) P ¢+ &
“lEL 8
[="] \.U.\/
N 09s TOO*® 19S8J®aU V=41 TOD se sureg
A0 o
o B H oo
SRR 2 &
a9}
gl = m UTW 3SaJesu V—=¢€2 TOD UT SawTq 3® J~T2d WwoaJ pes}] mﬂ,
&~ : e S
8 g7
g l—= 2
21 - g 2§
5 m ” m UTWw 3s9JBSU ¥-£Z TOD UT SoWT3 3® H-TZd WOIJ peay
Ll m =%
a 3
e e
m - o N .
hell B e m uTw qseJesu ¥=£Z 10D UT sewT3 98 [-TZd WOJJ pBaY _
poll =i ag 1
< | oo 3 '
» 54
mbm mm_ uTw }saJaesu V-€Z TOD Ut sewT} 3® J-TTS WodJ pesy
s a0
§5| 54
....v ~
Y g mm
= o~
8 m 80 umi 3seJeau ¥-£Z TOD UT seuT3 3¥ D-TIS U0y peey a5 =
+v > Z=Z 0
m B mme i =2
.fv‘e NN \m‘u M n.w
g8 8 %8s TNO® 1SaJBau ¥=€T TOD S® oureg Sl A0S
B Ma\ : = ﬂ <t [ze

of

| Sheet

Martin Turret

orm 23

‘l

CONFIDENTIAL



o
M.w Wm T.m - paef qseaesu 9=,z TOD UT Saurtq 3® H=TTS WoJdJ peay
e >
| A
0 ﬂﬂm t.hwmu !
o —~ mom O e 1_ TO0® 13seaesu (942 T00) - T
2 nAva e "
o a, E=
3| %.3% |
= xXEwg _ TOO® 13seaeau (x“¥)b puty 03 J-LZ ‘®-LZ STOD Y3TM
auu,m (] Q| (seTqel sButristy~puouran) zof rodey O-Ory asn
] 0 K
)
o =i
N S ( o Jo eunTea A1ddns TTIM JosTagzadng) _
) a TO* 3seaesu ¥ _
r " " a-Le 100 m
>d ez .
<
- m
i %m/aw > (Y Jo enTea £L1ddns TTIM JosTAgedng)
M " mm i T0* 1saaesu g-.2 To0/0
= 5]
e "
— o
w T
z < g
@) o Ferd
(&) rERY:
o= ek a PRITTITW T°® 42SaJdesu f=T TOD s® aweg
f550
£2
o \L/\./
SHEER oos * as
e R m mww 5 T00® 3seaesu ¥-%T 10D S® 8aueg
[< Py ~
&0
-% B m pJaef 3sagesu Y¥=LZ 100 uT sorrTy ' O~TTS wWoaJ pesy
L
e H
*c O O g O
”m.m M%w << 29S TOO* 3SaJesUu Yy=€T TOD S® eweg

3
K
1§

RS

n
g
z

T

SE o

@ & g

[29]

S

iy

m..m:

ﬂmn.

Bk

wn 4

QO
Q.
0n
ord
a
* o
O O o

NNNO

< X

L O e

[l I ]

"8,

=

of

| Sheet

yards

Target radius: a

CONFIDENTIAL



i,

RAZEL FILM
(Forward crown-turret)

GUN-CAMERA F
(Forward crown-t

Using 35 mm projector/and screen in Booth No. 2

Read sc 'es at selected frame 1,
interv and record gun Az, plot target-points on screen,
and El, w,r.t.* turret axes in Cols
10-C and 10-D**,
Correct Cols 10-C end 10-D, recording 2, Using CRADLE, obtain target Az. and El, readings
in Cols 10-F and 10-G, > w,r.t.* bomber axes centered at forward crown-
turret**, Record in Cols 11-F and 11-G,
Plot these
gun Az, and 3. Plot and smooth these tgrget Az, and El. readings
El, readings against frame numbers and corresponding time scale,
against frame
numbers and 4. Read these smoothed target data (Asz, and F1, w.r t. *
corresponding bomber axes at forward crown-turret), at intervals of
tims scale. 0,1 sec, Record in Cols 18-C and 18-D,
5. Using PLAXIE, adjusted for prope:
target Az, and Fl1, w.r. t.* bombe;
waist-turret, Record in Cols 18.
6. Plot and smooth these
parallax-corrected
target Az, and El, data.‘\
7. Obtain from pr
per unit time-
8., Multiply by Ty
L\ Record in Cols
* w.r,t. = with respect. to G. Compute true b
ballistic effe
*» These instructions assume that all films correspond frame Record in Cols
by frame, If they do not, interpolatior of the graphs
will be required to ®"synchronize® data, 10,
%% T = Initial; F z Final
11,
##¥* Supervisor will supply values of K, and K, depending on
use of wing-lights or wing-marks,
12,



GUN-CAMERA FIIM

(Forward crown-turret)

—~

‘een in Booth No. 2 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, ¢

B. Calculate range data from the formula: r = K1 or K2 wana

iz, and El, readings
at forward crown-
'F ..m ll-G. C .

Record in Cols 11-C and 11-E, S L

Plot and smooth range date against frame numbers and

corresponding time =cale,

As, ard El, readings
rresponding time scale, D.

\ita (Az, and E1, w.r,t.*

~turret), at intervals of
> and 18-D, E,

§ PLAXIE, adjusted for proper o,

pt Az, and E1, w.r.t.* bomber axes centered at port
Record in Cols 18-G and 18-H,

j-turret.

_fff(a
and smooth these

llax-corrected / :
»t Az, and El, data.“axkkhhx\h

(b)

9. Compute true bore--point Az, and E1, at firing-tim

per unit time-of-flight).

and B

find

\

Read these smoothed range data (w.r.t.* bomber axes at — A,

forward crown-turret
Col 18-E,

at times of step 4, Record in

Calculate "d", the distance PLAXIE slider is to move;
record in Col 18-F,

Compute 6, the — . B,

target datec at times
corresponding to port
waist gun-camera frame D,

nuabers,
19-G and 19-H,

»| "angle off", from
'tuble provided.
|Record in Col 12-C.

) From graph read these Cs

Record in Cols

Correct these
for the waist
Record in Col
of 0.1 sec), |

|

Obtain bullet
0,005 sec fro
Col 12-E.

Calculate fir
from impact-t

Plot Ty again

From graph read these
target data at impact-timey.

Record in Cols 13-B and 13-C, ~%

7. Obtain from proper LOFOGRAPH 2% and A% (ballistic effects on oL and €
Record in Cols 13-D and 13-E,

* /E.
8, Multiply by Tp vo obtain the ballistic effects ( A« and at ),

Record iz Cols 13-G and 13-H,

(subtract —F,

ballistic effect from values obtained from graph 6(b).
Recoru in Cols 13-J and 13-K.

10, Compute gun lead errors in Az.amd El, at firing-time
from actual bore-pginti.

Record in Cols 14~D and 1li-E,

11, Convert gun lead errors to milliradians; record in Cols 14-F and 14-G.

traverse and radial errors in milliradians; record in Cols 14-H and 14-J.

12, Calculate Single Shot*frobabilitx for known target size and bullet dispersion.
(See AMG-C Report 302)

™

Choose firin
walst-turret
14-.., Read t
record in Col

Calculate img
by adding 1

]

(subtract true bore-—point

Compute

B WSV




GUN-CAMERA FILM
(Erco port waist-turret)

1, Using 16 mm projector and screen in
Booth No. 1, plot target-points on
screen,

2, Using CRADLE transit, read target Az,
and E1, w.r,t,* port waist gun axes;
record in Cols 19-C and 19-D,

— A, Correct these forward range data (Col 18-E)
for the waist-turret from table provided.
Record in Col 12-D at impact-timey (intervals
of 0,1 sec).

‘1!
—~ B, Obtain bullet flight-times, Ty*** to the nearest
0.005 sec fro= proper AMG-N Table II. Record in

4
C. Calculate firing-timer (subtract time-of-flight, Ty,
from impact-timey). Record in Col 12-F,

D, Plot Ty against firing-timoI.

Y
> > 3. Using GLOOK (Booth No. 3) set for

proper "offset angle", find port waist gun
Az, and F], w.r,t.,* bomber axes centered
at the Frco waist-turret. Record in

] Cols 19-E and 19-F and Cols 14-B and

14-C. This is the actual gun bore-point.

Y
E. Choose firing-timep*** at times corresponding to
”T/ walst-turret gun-camera frame numbers; record in Col
14-A. Read the corresponding time-of-flight, Tp; and

record in Col 13-F,

—F, Calculate impact-timep (corresponding to firing-timey)
by adding Tp to firing-timep. Record in Col 13-A,

t true bore-{wint FLOW CiART IV

HIT PROBABILITY FROM ERCO PORT WAIST-TURRET
d 14-G. Compute

| and 14-J. Using Forward crown-turret to obtain Target Azimuth,
Elevation and Range; but
Jdet dispersion, Neglecting: Roll, Yaw and Pitch Corrections

nmy a5 0N

o) | CONFIDENTIAL

y
-~ e~




SIGHT FllM
(Port Waist)

‘iL

1. Using 16 mm projector and screen in
Booth No. 1, mark target-and sight-
points on screen,

2, Using CRADLE in target-point to sight-
point solution, determine As. and El, of
target—- and sight-point w.r.t.* port
waist gup axes, Record in Cols, 16-F and
16-G (om form sheet labeled for Erco port
waist-turret).

3. Compute trackipg errors in As. and El, by
subtracting target data from sight data,

Record in Cols., 16-H and 16-J,

4. Conversi
milliredians,

errors in As, and K1, to

Record in Col, 16-i.

* w,r,t, = with respect to

#% Obtain "sight-range" constant
froa supervisor,

Record in Cols. 16~T and 16-L,
Compute pgdial tyeckipg error in milliradians,

Using 16 mm projector and screen in

Booth No. 1, mark visible reticle-points,
and measure ad many of the three diameters
as determinable. Record in Cols, 15-C,
15-D, and 15-E (on form sheet labeled for
Erco port waist-turret),

Average the reticle diameters, and record
in Col. 15-F.

Compute "sight-range" from the average
reticle diameter using the formula:
constant #*#
average reticle diameter
Record sight-range in Col. 15-G.

ol ]

Compute ranging error by subtracting
"smoothed range® (Col, 15-J) from
"sight-range® (Col, 15-G); record
difference in Col, 15-K,

Compute £ range error; record in
Col, 15-L,



o} |
st)

bL.,

Using 16 mm projector and screen in

Booth No. 1, mark visible reticle-points,
and measure ad many of the three diameters
as determinable, Record in Cols. 15-C,
15-D, and 15-E (on form sheet labeled for
Erco port waist-turret),

Aversage the reticle diameters, and record
in Col. 15-F.

Compute "sight-range” from the average
reticle diameter using the foraula:
constant #®#
average reticle diameter
Record sight-range in Col. 15-G,

'as

Compute ranging error by subtrecting
Ssmoothed range® (Col, 15-J) from
"gight-range® (Col, 15-0); record
difference in Col, 15-K,

Compute £ range error; record in
Col., 15-L.

GUN CAMERA FILN
(Porward Crown)

A, Referring to FLOW CHART I Forward Crown
Gun-Camera Operation C, read graph of
smoothed range data, In Col. 15-H
record range values at time-iatervals
corresponding {0 port waist sight-camera
frame numbers,

B. Correct these data for port waist-turret
from table provided. Record in Col. 15-J.

FLOW CHART V

RANGING AND TRACKING ERRORS IN ERCO
PORT WAIST-TURRET

(Supplementing FLOW CHART IV)

) GONFIDENTIAL

1 May 1945



3.

3.

be

56

RAZEL FILNK G

(Forward crown-turret) (Forj
Read scales at selected frame 1, Using 35 mm projector and screen in ﬁooth p
intervals, and record gun Az, plot target-points on screen,

and El, w,r.t.* turret axes in
Cols 10-C and 10-D, %%

N
.

\
Correct Cols 10-C and 10-D, re-
cording in Cols 10-F and 10-G.

Using CRADLE, obtain target Az, and El, ree
w,r.t.* bomber axes centered at forward crc
turret**, Reccrd in Cols 11-F and 11-G,

Y

Plot these gun Az, and El, read-

ings against frame numbsrs and 3. Plot and smooth these terget Az, and El, re
corresponiing time scale, ugainst frame numbers and corresponding tirn

4. Read these smoothed target data (Az. and I

bomber axes at forward crown-turret), at ir
GYRO FILM 0.1 sec, Record in Cols 18-C and 18-D,
Read dials at selected frame intervals and
record yaw, pitch and roll angles in Cols 5. Using PLAXIE, adjusted for m
21-C, 21-D and 21-E, bomber axes cent red at port
Correct yaw, pitch and roll for initial gyro 6. P1+0t and smooth these parall
readings(see supervisor). Record in Cols 21-F, corrected target Az, and El,

21-G and 21-H. Add "flight angle®, P,, to pitch,
Record in Col 21-J.

If necessary (see supervisor) correct roll and yaw
readings for use in GLOOK (using AMG-N Table I),
Plot pitch, roll and yaw against frame numbers //

_37. Use GLOOK to ¢

t / i turret axes af
Read graph (Item ; above) and record on Form 23 //"
the pitch, roll and yaw of the turret axes at impact- 8, Obtain from

time; and at firing-timep, per unit time-

and correeponding time scale,

9. Multiply by Ty
in Cols 13~G

%%¥#* Supervisor will supply values of K; or Kj

\10. Compute true |
effect from w
1
* w,r,t, = with respect to
L
** These instructions assume that all films correspond
frame by frame, If they do not, interpolation of
the graphs will be required to "synchronize" data, 1

%% T » Initial; F = Final

depending on use of wing-lights or wing-marks, ) i



GUN-CAMERA FILM
(Forward crown-turret)

d N

r and screen in Booth 2 A, Using 35 mm projector and screen in Booth No, 2,
A screen, scale wing-lights and/or -marks, and record in
Cols 11-B and 11-D,
' Kl K2
B. Calculate range date from the formula: r = — Cr .= ****
target Az, and El, readings Record in Cols 11-C and 11-E, 8 L
sentered at forward crown- :
Cols 11-F and 11-G, C. Plot and smocth range data against frame numbers and A,
corresponding time scale,
» target Az, and El. readings v
8 and correspording time scale, D. Read these smoothed range data (w.r.t.* bomber axes at —
forward crown-turret) at times of Step 4., Record in
target data (4z. and El, w.r.t,* Col 18-E, i‘ B,
rd crown-turret), at intervals of
Cols 18-C and 18-D, E, Calculate "d", the distance PLAXIE slider is to move;
record in Col 18-F,
C.
PLAXIE, adjusted for proper o, and €, , find t.argetl'Az. and El, w.r,t.* Compute 8, the

"angle-of f", from
table provided, D,
Record in Col 12-C,

axes centered et port waist-turret., Record in Cols 18-G and 18-H, - —— 5

and smooth these parallax- >-(a) From graph read these target data
sted target Az, and El, data, at tixes corresponding to port
waist gun-camera frame numbers,

Record in Cols 19-G and 19-H,

(b) From gravh read these target data«—/
at impact-timer, Record in Cols
23-B and 23-C,

/7. Use GLOOK to compute target Az, and El, at impact-timep w,»,t.* E.
turret axes at firing-timep, Record in Cols *](.3-8 and 13-C. /
K8. Obtain from proper DOFOGRAPH 91.5 and %5 (ballistic effects on A and €

per unit time-of-flight). Record in Cols 13-D and 13-E,

9., Multiply by Tp to obtain the ballistic effects ( an« and at ), Record
in Cols 13-G and 13-H.

. Compute true bore-point Az, and El, at firing-timep (subtract ballistic
effect from values cbtained in Step No. 7, Record in Cols 13-J and 13-K,

11 Compute gun lead errors in Az. and El. at firing-timesp (subtract true bore-point
from actusl bore-goints. Record in Cols 14-D and 14-E,

12.Convert gun lead errors to milliradians; record in Cols 14-F and 14-G. Compute
traverse and redial errors in milliradians; record in Cols 14-H and 14-J,

13, Calculate Single Shot Probabitit for known target size &nd bullet dispersion,
(See AMG-C Report 302.)

it ey

R



GUN-CAMERA FIIM
(Erco port waist-turret)

1, Using 16 mm projector and screen ir
Booth No. 1, plot target-points on
screen,

Danns 2, Using CRADLE transit, read target
Az, and El, w,r,t.* port waist gun
axes; record in Cole 19-C and 19-D.
d A, Correct these forward range data (Col 18-E)
for the walst-turret from table previded,
Record in Col 12-D at impact-timey (intervals

yat — > of 0.1 sec),

n
B. Obtain bullet flight-times, Ty*** to the nearest
0.005 s#c from proper AMG-N Table II, Record in
re; Col 12-E,

/ C. Calculate firing—t&meI (subtract time-of-flight, TI’
the from impact-timey). Record in Col 12-F,

)
lded, D. Plot, Ty against firing-timey, f
Jol 12-C. 3, Using GLOOK (Booth No, 3) set for
proper "offset-angle", find port
AN > waist gun Az, and El. w,r,t.*

bomber axes centered at the Erco
_ walst-turret, Record in Cols 19-E
and 19-F and Cols 14-B and 14-C,
This is the actual gun bore-point.

w{v

E, Choose firing-timep*** at times corresponding to
waist-turret gun-camera frame numbere; record in Cols 14-A,
23-G, Read the corresponding time-of-flight, Tp; and
record in Col 13-F,

L——F. Calculate impact-timep (corresponding to firing—timeF)
by adding Tp to firing-timep, Record in Col813-As

and 23-A,
rue bore-point
=G, Compute FLOW CHART VI
1.-J,
HIT PROBABILITY FROM FERCO PORT WAIST-TURRET
dispersion,

Using Forward crown-turret to obtain Target Azimuth,
Elevation and Range,

i
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Fig. .1,

Geometry of bomber and fignter,
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Fig. 1.2(a). The MONKEY(mockup).
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Fig. 1.2(b). Relation of
MONKEY and GLOCK (mockup).
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Fig. 1.3, General curve, METHOD A.
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Fig. 1.4, Spiral dive, METHOD A,
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Fig. 1.5. General curve, METHOD B.
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Fig, 1.6, Location of coordinate axes, METHOD A .
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SLANT PLANE

HORIZONTAL PLANF
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Fig. 1.7, Location of coordinate axes, METHOD B,
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Fig. 1.8, Location of & and E , METHOD B,
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TURMTABLE

V/

Fig. 1.9, Schematic of GLOOK and FLAT SCREEN.
(Rolt, Pitch, and Yaw all ZERO).
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Fig. 1.10. Curves of the gnomonic chart.
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RAZEL FIIM GUN~CAMER

A, Read scale at selected 1. Read scales at selected 1, Using projector and screen A. Us
frame intervals, and srame intervals, and plot target-points on screen, an
record Range Input in record gun Az. and El, v
Col 10-B. (Convert w.r,t.* turret axes in 2. Using CRADLE No. 2, obtain B. Ca
feset to yards and enter Cols 10-C and 10-D,** target Az, and El, w,r.t.*
values in Col 10-E), ¥ turret axes, Record in r.

l 2, Correct Cols 10-C and Cols 11-F and 11-G.

10-D, recording in Cols
I 10-F and 10-G, 3. Plot and smooth these target C. P1
| Az, and El, readings against be

3. Tlot these gun frame numbers and correspond- sm

| Az, and El, ing time 3cale, Record
| readings against smoothed data at impact- D.|0b

frame numbers timey*** in Cols 12-G and ne
| and corresponding 12-H, at intervals of 0.1 // Re:
| time scale, Re- sec,

cord in Cols 14-B r\~ E, Ca
| and 14-C. 4. Compute ©, the / Ty,
Y | "angle-off",

B.l@ompare with range- from table F. Pl
appraisal obtained by | provided.
scaling sight-reticle Record in G. Che
and ueing calculated | Col 12.3, Re:
range data (see FLOW po1
CHART II)]. l 1 13-

I 5. Read graph (Item 3 above)
and record in Cols 23-B <« _H, Cal
l and 23-C the target Az, and ti
AN El. at impact-timep¥** th
AN =
AN
N 15 and 16, Use GLOOK and MONKEY to con
AN turret axes at firing-time;
* w,r,t, = with respect to A\
17, Obtain from DOFOGRAPH and ¢
%% These instructions assume that all fiims correspond effects on « and ¢ per w
frame by frame, If they do not, interpolation of N
the graphs will be required to "synchronize" data. ' 18, Multiply by Tp to obtaim the
13-G and 13-H,

##x T .. Initial: F - Final ,

N 19, Compute true bore-point Az,

kxx#* Supervisor will supply values of Ky or K3 T effects from values obtaine
depending on use of wing-lights or wing-marks, N\

20, Compute gun lead errors in

the actual gun bore-point (

21, Convert gun lead errors to
in milliradians, Record ir

22, Calculate Sinple Shot Probe




GUN-CAMERA FILM

»r and screen
»>ints on screen,

A. Using projector and screen, scale wing-lights

lo. 2, obtain B. Calculate range data from the formula:***#

| E1, w,r.t.* Record in Cols 11-C and 11-E,
Record in = E} or EE

11-G, 8 ]

h these target C. Plot and smooth range data against frame num-
adings ageinst bers and corresponding time scale, Record
and corresponé- smoothed range data in Col 12-D,

. Record

at impact- D.|Obtain bullet flight-time, Ty¥#**, to the

1s 12-G and nearest 0,005 sec from proper AMG-N Table II,
vals of 0.1 // Record in Col 12-E,

/E. Calculate firing-timey {subtract time-of-flight,
Compute 6, the / Ty, from impact-timey). Record in Col 12-F,

”angle-off" /

from table /' F, Plot time-of-{light] against firing-time;.

provided,

Record in G. Choose firing-time *** at Gun-Camera frame numberpg?*
2ol 12-C, ' Record in Cols 14-A and 34A-B, Read the corres- |

ponding time-of-flightp,*** and record im Cols
13-F and 34A-J. \

’r 3 above)

timep) by adding time-of-flight, Tp, to firing-
timer, Record in Cols 13-A and 34A-A,

e——
—

irget Az, and
yimep¥®*

GLOOK and MONKEY to compute target Az, and El1, at impact-timep w.r,t.*
‘et axes at firing-timep, Record in Cols 13-B and 13-C, Yo

in from DOPOGRAFH and correction tables -2 aLnd A% (i.e., ballistic

cts on « and g per unit time-of-flight). Record in Cols 13-D and 13-E,

iply by Tp to obtalm the ballistic effects (At and a¢ ),
and 13-H,

ute true bore-point Az, and El, at firing-timer (subtract ballistic
cts from values obtained in Operation 16 above)

and/or wing-marks, and record in Cols 11-B and 11-D,

Jols 23-B I,e~_H. Calculate impact-timep (corresponding to firing—+szfffJ

Record in Cols £~

Record in Cols 13-J and 13-K,

GYRO FILM

1. Read dials at selected

frane intervals and record
yaw, pitch, and roll angle:
in Cols 21-C, 21-D and 21-]

v
2, Correct yaw, pitch, and ro:

for initial gyro reading
(see supervisor)., Record
in Cols 21-F, 21-G and 21-}

3. If necessary (see supervisc

correct pitch and yaw readi
for use in GLOOK (using AMG
Table I). l

4. Plot pitch, roll and yaw

against frame numbers and
corresponding time scale,

¥
5. Read graph (Item 4 above) a

record on Form 23 the pitch
roll and yaw of the turret
axss at impact-timep and

at firing-timep, Also reco

#roll and piteh at impact-tii

in Cols 32A-F and 32A-F,

6, Compute for impact-times

= P -~ angle—of-attack fi
Col 32A-F and record in Col
34A-1I. Compute SinR, CosR,
CosP to 0,01 and record in C
32A-G, 32A-H, 33A-B and 33A-

—

ute gun lead errors in Az, and El, at firing-time§ {Subtract true bore-point Az, and E1, from
.

actual gun bore-point (i.e., corrected RAZEL data

srt gun lead errors to milliradians (Cols IL!F and 14-G).

Record in Cols 14-D and 14-E,

Compute traverse and radial errors

111iradians, "Record in Cols 14-H and 14-J.

1late Single Shot Probability for known target size and bullet dispersion (see AMG-C Report 302), \\\

——

FLOW CHART ¥OL
EVASIVE ACTION

Method A

1 December 1945



Y

' ACCELFROMETER FILM
i

lected 1, Read dials at selected frame intervals and record velocity and X, ¥, Z accelerations in

ind record Cols 31A-C, 31A-D, 31A-E and 31A-F,

Poll angles

D and 21-E, 2. Correct velocity and acceleration readings (if necessary****), Record in Cols 31A-G,

31A-H, 31A-1 and 31A-J.

y, and roll

reading 3. Plot velocity and acceleration readings against frame numbers and corresponding time
Record scale, i

G and 21-H,

4. Read graph (Item 3 above) and record accelerstions to 0.01 at impact-timer in Cols
supervisor) > 32A-B, 32A-C and 32A-D, Record velocity in Col 33A-K,
Yyaw readings

(using AMG-N 5. Compute NyCosR, N,SinR, NySinR, and N;CosR to 0,01 and record in Cols 33A-D, 33A-F,
| X Z X Z

—> 33A-F and 33A-G. ¢
ind yaw '|6. Compute Ay, Ap, Ay and record in Cols 33A-H, 33A-I, and 33A-J,
sers and L—7
) scale, 7. Compute average values of AH, AF, AV, V, P over the time-of-flight and record in Cols

34A-C, 34A-D, 34A-E, 34A~F and 34A-G,
, above) and

the pitch,

¥
e turret 8, Compute average values of A, Compute A = (A2 + A%)ﬁ
er and ¥ AV = Ppy - angle-of-attack to 0.01g from Cols
Also record ; and record in Col 34A-H. 34A-C and 34A-E with
impact-timep Ar AT aid of Chart II and
324-F, 9, Compute m = — B2 _ record in Col 35A-E.
[ = = = V Cos? ¥y Note A has same sign
~times as Ag.
=attack from Av AT " 2k
d in Col _ _| and n - i A% B. Compute A, = (A2 - A.K‘*)
\R, CosR, SinP \ to 0,01g from Cols 35A-B
icord in Cols Y and 34A-D with aid of
| and 33A-C, from Cols 34A-C, 34A-E, 34A-F, 34A-H, Chart II and record in Col
and 34A-J with aid of Chart IV and 35A-C. Nots A 5 1is always
record to 0,001 in Cols 35A-E and positive,
35A-F, Note m, n have same signs
as Ay, Ay respectively, l C. Compute § to 0,1 ft from
Cols 35A-C and 34A-J with
16, Compute Q to 0,01 from Cols 34A-C, aid of Table III1 and record
34A-D, 34A-E, 34A-I, 35A-E and 35A-F in Col 35A-D.
with aid of Chart V and record in
Col 35A-G. Ty*12. Compute S = (A2 + @°)F D. Read plot of
to 0,01 from smoothed range
11, Compute W to 0,01 from Cols 34A-D, Cols 34A-C and 35A-G data at values
34A-F and 34A-1 with aid of Chart <« with aid of Chart II of impact-
VII and record in Col 36A-B. and record in Col 36A-C. timer and re-
} Note S is always positive, cord in
13. Compute tan €3 from W/S and , Col 36A-D,
compute &, to #° and record Compute tan «; from Y
\\ in Cols 36A-D and 36A-G. I Ap/Q and compute 3 E. Compute L = &
. to 1° and record in to 0,005" D
Cols 35A-H, 35A-1 from Cols 35A-D,
and 36A-H, L 36A-E and record
\ 1 ¥ A - ] > 1in Col 36A-F,

15 and 16, Operate GLOOK and MONKEY, ! (See Under GUN-CAMERA FIIM.) CONFIDENTI Al



_ RAZEL FILM
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.

Y

B. [Compare with range-
appraisal obtained by
scaling sight-reticle
and using calculated
range data (see FLOW
CHART II)].

# w,r,t, = with respect to

lo

3.

;:;é scales at selected
frame intervsls, and
record gun Az, and El,
w.r,t.* turret axes in
Cols 10-C and 10-D,**

Correct Cols 10-C and
10-D, recording in Cols
10-F and 10-G.,

Plot these gun
Az, and E],
readings against
frame numbers

and corresponding
time scale, Re-
cord in Cols 1/-B
and 14-C,

%% These instructions assume that all films correspond

frame by frame,

If they do not, interpolation of

the graphs will be required to "synchronize" data.

o

I = Initial; F = Final

3 % %

Supervisor will supply values of K; or K,

depending on use of wing-lights or wing-marks,

i
1, Using rrojector and screen

plot target-points on =creen,

2. Using CRADLE No. 2, obtain

A target Az, and E1, 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-

GUN-CAM:R

i

ing time scale,

Record

smoothed data at impact- ]
timey*®* in Cols 12-G and
12-H, at intervale of 0.1
sec,

12-16.

17.

18,

19.

-u\ﬁk

N

.

21,

22.

4., Compute 8, the
"angle-off™",
from table 1
provided.
Record in Col 12-C. (

.

Use GLOOK and MONKEY to compute
at firing-timer, Record in Colq

5. Read graph (Item 3 above)
and record in Cols 23-B
and 23-C the target Az, and
El, at impact-timep, *¥%¥

Obtein from proper DOFOGRAPH ar
on « and g per unit time-of-f.

Multiply by Tp to obtain the ba.

Compute true bore-pcint Az, and
obtained in Operation 16 above),

in Az, {

Compute gun lead errors
bore-pof

El, froe the actual gun

Convert gun lead errors

to mill:
errors in milliradians, |

Record|

Calculate Single Shot Probabili
1




GUN-CAMERA FILM GYRO FILM
screen A. Using projector and screen, scale wirg-lights 1, Read dials at selected
n screen, and/or wing-marks, and record in Cols 11-B and 11-D, frame intervals and recori
yaw, pitch, and roll arnygie
obtain B. Calculate range data from the formula:**s in Cols 21-C, 21-D and 21-
ror.t.* Kl Record in Cols 11-C and 11-E,
I in P 2 = OF — 2. Correct yaw, pitch, end
8 n roll for initial gyro read
j\f ing (see supervisor), Re-
1se target C. Plot and smooth range data against frame numbers cord in Cols 21-F, 21-G,
1 against and corresponding time scale, Roucord smoothed and 21-H.J$
rrespond- range data in Col 12-D, | ‘ T
rord 3, If necessary (see super-
act- I, ,Obtain bullet flight-time, T *%*®» to0 the nearest visor) correct pitch and
G and # 0,005 sec from proper AMG-N Table II, Record yaw readings for use in
f 0,1 jﬁ in Col 12-E, GLOOK (using AMG-N Table I
\
/ E, Calculate firing-time; (subtract time-of-flight, 4. Plot pitch, roll and yaw
e 6, the ;ﬁ T1, from 1mpact—timel}. Record in Col 12-F, against frame numbers and
—of £, corresponding time scale,
able F. Plot time-of-flighty against firing-timey,
ed. 5. Read graph (Item 4 above)
in Col 12-C. G. Choose firing-timep*** at Gun-Camera frame numbers} * and record on Form 23 the
Record in Cols 14-A and 34B-B, Read the corres- pitch, roll and yaw of the
bove) ponding time-of-flightp,*** and record in Cols 13-F turret axes at impact-
//1’timcp. Also record roll

and pitch at impect-timep
in Cols 32B-E, 32B-F and

3-B l i and 34B-J

Az, ard

1aR ‘K\\R\xx H.|Calculate impact-timer (corresponding to firing-
'xl 34B-C, $

timeF) by adding time-of-flight, Tp, to firing- %”
itimeF. Record in Cols 13-A and 34B-A,

7/
6. Compute for impact-times”
¥ = P - angle~cf-attack

o from Col 32B-F &nd racord

MONKEY to compute target Az, and El. at impact-timep w.r.t.* turret axes <«

F. Record in Cols 13-B and 13-C, \\\ in Col 34B-I, Compute

] N SinR, CosR, SinP, CosF to
oper DOFOGRAPH and correction tablea 415 and 2% (4,e,, ballistic effects\\\_ 0.01 and record in Cols
or unit time-of-flight}, Record in Cols 13-D and 13-E. 32B-G, 32B-H, 33B-PB and

33B-C,
to obtain the ballistic effects ( Ax and ag ), Record in Cols 13-G and 13-8\\\\5

{ AN
ore-point Az, and El, at firing-timep (subtract ballistic effects from values i
sration 16 above), Record in Cols 13-J and 13-K,

id errors in Az, and El, at firing-time;, ({Subtract true bore-point Az. and
stual gun bore-point (i.e., corrected RAZEL data)])., Record in Cols 14-D and 14-E.

\d errors to milliradians (Cols 14-F and 1;-G). Compute traverse and radial

lradians, Record in Cols 14-H and 14-J. ‘
le Shot Probability for known target size and bullet dispersion (see ANG-C Repori 302), »\\\\\\
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ve
o

clected

and record
roll angles
1-D and 21-KE

tch, and

|l gyro read-
isor), Re-
-F, 21-G,

ACCELEROMETER FILM

in Cols 31B-C, 31E-D, 31B-E and 31B-F,
Correct velocity and aceeleration readings
31B-H, 313-1I and 31B-J,

)

scale,

)e super-
yiteh and

* use in -
=N Table I} £

; and yaw
mbers and
me scale,

i 4 above)
rm 23 the
yaw of the
mpact-
ord roll

ac L-timep
2B-F and b

ct-times
ef-attack
nd record
ompute
y CosF to
in Cols
3-B and

Read dials at selected frame intervals and record velocity and X, Y,

(1f necessary*#*»*),

7

~

acceleraticns

Record in Cols 31B-G,

Plot velocity and acceleration readings against frame numbers and corresponding time

>4, Read graph (Item 3 above) and record acceleraticns to 0,01 at impact-timer in Cols

32B-B; 32B-C and 32B-D, Record veloecity in Col 33B-K.
¥

5.
33B-F and 33B-G. l

7.
34B-C, 34B-D, 34B-E and 34B-F,

Compute NxCosR, KzSinR, NySinR, and NzCosR to 0.0l and record in Cols 33B-D, 33B-E,

Compute Ay, Ap, Ay and record in Cols 33B-H, 33B-I and 33B-J.

Compute average values of Ay, Ar, Ay, V over the time-of-flight and record in Cols

Compute impact-timep values
of & = Pr - angle-of-attack and
record in Col 34B-H,

9. Compute x = and p = from

AT AP AT
Vv \')
Cols 35B-B, 34B-J and 34B-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, Ap, respectively,

Y
11, Compute tan ¢ and ¢
to 4 from Ay/Ag
in Cols 33B-H, 33B-J,
and record in Cols
35B~H and 35B-1.

10, Compute 6 to 4° from x,
p in Cols 35B-E and 35B-F,
with aid of chart and

record in Col 35B-G,

1

\ -

Y
12-16, Operate GLOOK and MONKEY.

B.

Y

A. Compute A = (Aﬁ + As)é

to 0,01 g from

Cols 3/B-C and 34B-E

with aid of Chart XI

and record in Col

35B-B, Note A has

same sign as Ag.

Compute A/ = (A2 + 2)%

to 0,01 g from Cols

35B-B and 3/B-D with aid
of Chart II and record in
Col3%B-C. ‘“ste A, {is
always resitive.

]
Compute o to 0.1 ft from
Cols 35v-C and 34B-J with
aid of Table IXI and
record in Col 35B-D,

D. Read plot of
" smoothed range
dat: at values
of impact-timep
and record in
Col 35B-J,

E. Compute L = LI
0,005" from 3D
Cols 35B-D and 35B-J
and record in Col
35B-K,

o
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N, U, P22E 15 Dec 'L5
Acc Observed Readings Corrected Readings
Film Time
Frame| (Sec) IAS Accelerations (g) TAS Accelerations (g)
No. Bomber Bomber
Speed Speed
(Mph) Ny (Mph) Ne Ny N,
—_—
A B C D G H 1 J
|
Flight No. By
Attack No. EVASIVE ACTION DATA Started
F. C. No. Completed
Form 31 | [Sheet_______ of

CONFIDENTIAL
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N. U, P22E 1 Dec '45

Smoothed Readings
Impact
Time
Accelerations, g's Roll Pitch
(Sec) Angle Angle
R P
Ny N, (Deg-Min) (Deg-iin) SinR Cosk
A D E F G H
==
» T
Flight No. By
Attack No. ; Started
F. C. No. ————— EVASIVE ACTION DATA Completed
‘_——_—]Fom 32 Sheet
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N. U, P22E 15 Dec '45

TAS
Impact; _ Stabilized Accelerations | Bomber
Time Speed
D+ E 32C-B FaG-C (kph)
(Sec)] SinP CosP NyCosR | N;SinR NxSinR | N;CosR Ay Ap Ay A
A B C D . E F G H I J K
N I - —
Flight No. By
Attack No. EVASIVE ACTION DATA Started
F. C. No. g Completed
Form 33 i l Sheet _-.O_f..—:-_—_—==
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P22E 15 Dec ‘L5
Impacy Firing Average Values of Initial | Transit
Time Time Value Time
Accelerations (g) Speed Pitch Climb g{im
(Sec)| (Sec) b
(l[ph) (Deg) (Deg) (Deg) (Sec)
Ay A l AN v P ¥ av 3o | AT
j B C D E F G H I J
Flight No. EVASIVE ACTION DATA By
Attack No. Method A Started
F. C. No. Completed
Form 3LA | [ Sheelt cf
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N. U, P22E 15 Dec 45

Impact Firing Average Values of Impact Time Transit
Time Time Values of Time
Accelerations (g) ?ﬁe;;l e X
P (Deg) [ (Deg) | (Sec)
(Sec) (Sec) Ap A v Py ¥y AT
A B D E F G H J
Flight No. By
Attack Ro. EVASIVE ACTION DATA Started
F. C, No. Method B Completed
m Sheet of

CONFIDENTIAL
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Impact |Average Accelerations| Deviation Dimensionless Ratios MONKEY Azimuth
Time From Based On
Straight Line Ag Ay 24A-C
(Ft) 35A-C (Deg)
(Sec) Ag ki m n Q tam « | o
A C D E F }. G ] H I
Flight No. By
Attack No, — EVASIVlE: :g'(l)‘§02 DATA Started
F. C. No. - Completed
~Fore 35A] | Sheet of
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P22E 15 Dec '45

Devia- l
Impact Average tion Dimensionless |MONKEY MONKEY Target |MONKEY | Ring | MONKEY
Time | Accelerations |from Ratios Azimuth Roll Range Tail |ingle Yaw
g Straighf Based on
Line A

(Sec . (Ft.) g (Deg) (Deg) (Yd) | (In) | (Deg) | (Deg)

Al A o | x| p | 5 ftan$] & | D | L |Ring |Yr-Ring
A B c D E F G H I J K L M
!
!
}
|
|
{
l
l
1

. 1 B S S —

Flight No, By i
F. C. No, Completed
- e —_— Method B A
Forn 353 ] | ST JE——
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N. U, P22E 15 Dec '105

Impact; Calculation of Tar
get | MONKEY | MONKEY MONKEY Azimuth
Time MONKEY Elevation Range Tail (Elevation|
(g) B/C (1d) ! (In) | (Deg) (Deg)
(See)[ w s tane, D L Em X4 | Ring X
A C D E F G H I J

[ ———

Flight No, B}’

Attack No. EVASIVE ACTION DATA Started

F. C. No. Method A .Completed

Form 36k Sheet of
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CHART IV
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SEC. n A,
P Ar

A. Calculation of M B. Calculation of N, %,pP
1, Obtain T from Col 34h~J. Enter on Scale 1. 1, Obtain AT from Col 34A~J. Enter on Scale 1,

2. Obtain V from Col 3LA-F. Enter on Scale 2, 2. Obtain V from Col 34A-F, Enter on Scale 2. o
3. Connect AT and V with a straight edge. Mark 3. Connect AT with V with a straight edge. Mark

be
5.

6.
7.

intersection on Scale 3.

Obtain A, from Col 34A-C. Enter on Scale 4.
Connect mark on Scale 3 with A, on Scale 4
with a straight edge. Mark intersection on
Scale 5,

Obtain 7‘ vy from Col 34A-H. Enter on Scale 6.
Connect mark on Scale 5 with V on Scale 6
with a straight edge. Read t.he desired value
of m from Scale 7 and record in Col 35A-E.

L.

5.

intersection on Scale 3.

Obtain A,, A or A (depending on whether

n, x, or p is desired) from Cols 34A-E, 35B-B
or 34B-D., Enter on Scale 4.

Connect mark on Scale 3 with A, A, or Acon
Scale L 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.
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CONFIDENTIAL Sec. C

NCMTENCLATURE

1. Coordinate Systems

Enl - Fixed Air-Mass Axes: The En-plane is parallel to the ground and the posi-
tive n-axis has the direction of the bomber's line-of-flight.

X'Y'Z' - Bomber Axes: Origin at ¢ , the vulnereble point,

XYZ - Stabilized Bomver Axes: Origin at Q and parallel to the &nl -system.

X;¥121 - Fighter Axes: For a left side attack the plane points along the positive
Xy-axis and the left wing along the positive yj-axis. For a right side attack
t%e plane points along the negative xj-axis and the right wing along the posi-
tive yy-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 XY%;system.

xjyizi (1 =1, 2, 3, 4) - Fighter Axes: Represent the axes of the fighter in the
various stages of the four planar rotations,

2. Constants
VB - Bomber Speed (yd per sec). The bomber velocity vector is constant.
Vg - Fighter Speed (yd per sec) relative to air-mass coordinates Ent .
Vyy - Muzzle Speed of Bullet (yd per sec) when fired from a stationary gun.
c5 - Ballistic Constant (dimensionless)
b - Relative Air Density (dimensionless).

3. Variables (the ranges of the variables are indicated).

g e; s T, = Coordinates of the Fighter Relative to the Unstabilized Bomber
Axes X'%'Z' .

0
0° £ & < 360 -90% £ ¢! £ 90°
o
0° € @ £180° for a right -90% £ ¢! £0° when the fighter
side attack is below the bomber
180° £ of < 360° for a left 0° £ ¢} £ 90° when the fighter

side attack is above the bomber

CONFIDENTIAL
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3, Variables (Continued)

9:, 9 ‘PL - Unctabilized angle off the bomber's nose, and tilt a , respectively,
of the fighter relative to the X'Y'Z'-system,

0® & @ £ 180° 0° £ 0! < 360°

(1

180° when the fighter
is above the bomber

HIN
]
)

180° £ 9} < 360° when the fighter
is below the bomber

% , ®o , r. =-Coordinates of the Fighter Relative to the Stabilized Bomber

Axes XYZ ©,

0° & o, < 360° -90° £ ¢, £ 90°

o . 4 (4 o * 0 2 P O .

0" 2 a, =180 for 4 right -90" £ ¢, = 0" when the fighter
side attack is below the bomber

o
180° < @ < 3600 for a leit 0 £ £ 900 when the fighter

side attack is above the bomber

8, » %o - Stabilized angle off the bomber's nose, and tilt angle, respectively,
of the fighter relative tc the XYZ-system.

(e}

0° £ 6, %£180° 0°£ @, <360°

1k

00

1IN

T & 180° when the fighter
is above the bomber

180°

1]

9, < 360° when the fighter
is below the bomber

8y , € ~ Coordinates of the fighter gun bore-point B ir the x'y'z'-system.
% 5 € - Coordinates of the fighter gun bore-point B in the xyz-system.

% , & =~ Coordinates of the effective bore-line in the xyz-system (resultant of
Vy and Vp without ballistic correction).

CONFIDENTIAL
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3. Variables (Continued).

@ , & - Coordinates of ths true bullet line in the xyz-system (i.e., the line
from the fighter at firing time to the target at impact time).

0° 24 < 360° -90° £ ¢

OO

side attack
o
180 £ 4 < 360° for a right
side attack
u - Bullet time-of-flight (seconds).

o - Radial bullet line error (milliradians). (p
and true bullet lines).

G - Grevity drop correction (minutes).

£q £ 180° for a left 3

90°

(RN

is the angle between the actual
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INITIAL DIRECTION O! BULLET

1

/_,,_4 ACTUAL PATH OF BULLET

B BORE=PHIINT
F '/f,ﬁ?’i/,”‘ \
7 T
, ! i / /
I_R' e, c | /
.‘__-' e "‘"1.““ i / ac
/ el /

£

Fig. 1.3

CONFIDENTIAL



1, Compute and record on Form 41 the valuef of the constants listed there, A,

2, Obtain the unstabilized coordinates of the fighter ro, «, , ¢ from bomber vs Al, |
fighter data and record in Cols 42-B, 4{2-0 and 42-D,

v
3. Compute 0}, ¢. from the formulas below and record in Cols 43-C and 43-E.
B.
cos 03 = cos =, cos £ ;
eot ¢, = sin <, cot €, . C.
¥

4. Graph 02 and @, , smooth and read their values at points corresponding to the fighter D,
film frames to be resd., Record in Cols 44-B and 44-C.

5. Using the GLOOK and fighter film determine the coordinates of the bore-point «g ty

in the x'y's'-system, Record in Cols 44-D and 44-E.

6. Using the GLOOK make a yaw, roll, pitch correction on oy 5 t, to determine the B
coordinates « , ¢, of the bore-point in the xys-system. Record in Cols 44-I, &—— 1
and 44-J. l

F, |

7. Graph +4 and ¢, , smooth and read their values for every 0.1 sec, Record in
Cols 47-B end 47-C.

8, Compute ths coordinates o, and €c of t|

xys-system frcm the formulas below and r

Ranges of the Variables tan «, = 8in <, cos8 g + o (Xi;;'
cos ol eos Eg &+ o (Yis.

0% S «,<360° ; 0°§ . & 180° for a right side attack, 8

180° & «_ < 360° for a left side attack.
< sin ¢ z M [lin tg » o (2
-90° = ¢,%90° ; H0°% ¢ & 0° when fighter is below W+ VF
bomber,
0° 2 ¢, 3 90° when fighter is above J/
bomber T _
9, Compute ¢ - G and record in Col 49-H.
0° £ ¢ £ 180°
8 . 10, Compute ¢ -G - ¢ 41in minutes and rec
0°% <360 ;0" % o, = 180° when fighter is
above bomber, 11, Compute «. - « in minutes and record :
180° & @, < 360° when fighter is
below bomber, 12, Compute the radial error » by the GLOO
and record in Col 50-K, The formula giw
0° £ «<360° ; 0°5 & & 180° for a left side
attack, .
1800 2 « < 360° for a right side o ,0,2909\/( o« - % )2 cos (
.ttQ-Cko °
290° 5 ¢ £900; ¢t and €, have opposite signs, —
“) y €5 » O} s @, bave respectively, the same !
ranges &g «, to 9 O s @ o f




ffght.er data. Graph and emooth,

A, Obtain values of Y, R, P from bomber vs
A1, Read their values at points corresponding to A2, Read their values at points correspc
the fighter film frames to be read and record bomber film frames to be read and re
in Cols 44-F, 44-G end 44-H, 43-F, 43-G and 43-H,
B. Using the GIOOK make a yaw, roll, pitch correction on =, , €, to determine the stabilizes
«, 5 t, of the fighter in the XYZ-system, Record in Cols 43-I and 43-J,
C. Graph ro, «, and c.‘,*, smooth and read their values for every 0.1 sec, Record in Cols 45-
iter D, Compute the coordinstes X, Y, Z of the fighter by the formulas:
X arocos ¢ 8in «, and record in Col 45-1,
ty Y =Ty 008 ¢, CO8B o and record in Col 45-J,
Z gry 8in o and record in Col 45-K.
B. Compute Xi,] - Xi-]1, the values of X at t-0,1 subtractea 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,
Vr/Vu
g
V(X101 - X1-1)2 * (Y441 - Y1.1)2 + (2441 - 24-1)?
5 o and €Ec of the effective bore line in the

rmulas below and record in Cols 49-K and 49-C.

tg + o (X41) - X3.3)
bos €g & o (Yis1 - Yi-1)

08

[nin tg o o (2443 'zi-l)]

l

scord in Col 49-H.

In minutes and record in Col 49
Inutes and record in Col 50-C,

or »» by the GLOOK or by the formula below
, The formula gives »# in milliradians,

ISR )2008( Ec-E)coat * ( £, =G~ E }2

FLOW CHART IX

G. Compute the "angle-off" @ of the fighter relai
bomber from the formula cos 64 = cos =, cos

record imn Col 48-C.

Compute the kinematic lead angle A from tabl
No. 24,. In these tables A is a function of
ard present lnglejoff 60. Record in Col 48-D,

Compute the quantity uVp to the nearest yard
formula below and record in Col 4B-H,

ro 8in )

uVB =
sin ( X & Q)

l

Compute the gravity drop correction G by the |
below and record in Col 49-G. This formula g!
in minutes,

\‘5 = (uVg a + b) uVy cos €
4

K, Compute oL and t from the formulas |
record in Cols 50-B and 49-1.

Jo

o — Y - u¥v
cot x:.._B )
X
sin £ == 230 Ee gin (X s 0p)

FIGHTER VS BOMBER

sin 6,



r vs fighter data, Graph and smooth,

onding to A2, Read their values at points corresponding to tt
and record bomber film fremes to be read and record in Cols

43-F, 43¢-G and 43-H.

itch correction on =, y €6 to determine the stabilized coordinates
Z-system, Record in Cols 43-I and 43-J.

read their values for every 0.1 sec, Record in Cols 45-B, 45-C and I.S-D.\

the fighter by the formulas:

cord in Col 45-1,
cord in Col 45-J,
cord imn Col 45-K.

X at t-0.1 subtracted from the values of X at t+0,1, Similarly for Y &nd 2,

ecord in Col 46-J.

——

= Y3-1)2 + (2341 - 24-1)%

G. Compute the "angle-off" © of the fighter relative to the
/ bomber from the formula cos 64 = cos «, cos ¢, and
record in Col 48-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 angleLoff 0. Record in Col 48-D.

\?I. Compute the quantity uVp to the nearest yard from the
formula below and record in Col 48-H,

ro 8in A

sin ( » & Qp)

l

J. Compute the gravity drop correction G by the formula
below and record in Col 49-G. This formula gives G
in minutes,

\IVB =

/W

AN

AN

\\“5 = (uVg a + b) uVp cos €
;5" 4

K, Compute ol and & from the formulas below and
record in Cols 50-B and 49-I. /

Y - uvy

cot « = = .

L N

in ¢
sin sin 8,

-
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CONFIDENTIAL Sec.

A VB = ; D § =
B VM = L Cg =
C VF =

e Vy+Vp = B+ c =

o h = .ooos9cif3o(v'M+vF) = '_QO_O.Q%}.(_DX 30x F =
5
: a = _6246.671h - 626671 x G -
Wy + VplV@  FxAxA
. b = 18,427.680 _ 18,427.680 _
(VM+VF)VB FxA
J !E = g =
Vy B
K. W_ - B -
VM * VF F

Flight No. By

Attack No., ATTACK CONSTANTS Started
F. C. No. ‘ Completed
Form 41 | | Sheet of

CONFIDENTIAL



CONFIDENTIAL

N.U, P22E 15 Dec, 45
Frame
No. Ty Ol(; f-c', cos 0((') cos 5:) sin ﬁé cot E:)
[Bomber | (Yards) (Deg-Min) (Deg~iin)
Camera)
From Bomber vs Fighter Data cos C cos D sin C cot D
= A B C D b F C H
C — — __J = — 1L - -—JL_ — — R
Flight No. By
Attack No. BOLBER CALERA DATA I Started
F. C. lo. Completed
" Form 42 ] | Sheet of
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N.U. P225 15 Dec. '45

h?me cos Oé Oé cot ?é ¢é Y R | P A €,
No. [ Deg-t1in) (Deg-iiin)(Deg-Lin) Deg-kin){ Deg-iiin) | (Deg-l.in) (Deg-iin)
Pomben !
C
aner L y From Bomber vs From 42C, 42D
L2ExXL2F | cos B L2Gx,2H ] cot D Fighter Data via GLOOK
A B c D E F G B ] 1 gl
Flight No. By
Attack No. BOMB=R CAMERA DATA II Started
F. C. No. Completed
Form 43 | Sheet of
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N.U, P22 15 Dec, '45
1 1 o ! € ! = €
Frame| %o ®o B B Y R P B B
No, | (Deg-tiin)(Deg~i.in){Deg~liin)| (Deg-.in}(Deg~Ltin)|(Deg—.in){( Deg—iiin)(Dez-Lin)[Deg-i/in)
Fig
Cameraj pom Greghifrom Greph| From Fighter From Bomber vs From D, E
of 43C of 43x Film via GLOOK Fighter Data via GLOCK
=== ———
A B G D B F G H it J
==
Flight No. By
Attack No. BORE-POINT COORDINATZS Started
F. C. No. (Stabilized Spherical) Completed
Form Lk | [ Sheet of
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N.U, P22E 15 Dec. '45
Time &S s €, | cos € | sin Ay | COS do sin € X Y Z
(Yards) | (Deg~L.in] (Deg-iiin] (Yards) |(Yards) |{(Yards)
From Graph From Grag}from G
o(f)‘] L2§p of L;BIFr of 1+31:?m cos D sin C cos C sin D BxlixF BxkExG |B x H
e p—— ——e —————— ———————
B C D F G i J I K
Flight No, By
Attack No, FIGHT=R COORDINATLES Started
F. C. No. (Stabilized Cartesian) Completed
orm L | Sheet of
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N.U, P22E 15 Dec, '45

Time {X{a = Xiav | Yiwr = Yie ] Ziy, — Ziey (xm-xi_‘)‘ (Y(.. N Y{-.)l (Zin— Zl'.'l)‘ Z J_i-
From 45I{From 45J | From 4580 Bx B | CxC | DxD |84+ F+G VH 413/1
—— = — == ———e

B C D b o G H 1
Flight No. By
Attack No. TANGENT TO FIGHTER PATH Started
F. C. No, Completed
Form L4 | Sheet of
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N.U. P22E 15 Dec. 'L5
, |
Time ) qB EB sin QB cos & SeE) (XB sin tB Swn Ag (osE‘ CosdgCan Eg
(Deg-Min)|(Deg-¥in) t TG %Y ot Yl tan a, |sin §
From GrephFrom Graph| (D) + (2xF) + {16920
of 41 of LiJ sin B | cos C cos B | sin C K 46JIxL6BN(L6IxL6C)
v ] 5 ] I F G H I

CONFIDENTIAL

Flight No. By
Attack No, EFFECTIVE BORE LINE Started
F. C. No. Completed
Form 47 | Sheet of
S |




CONFIDENTIAL

N, Us P25 15 Jec., 'L5
Time | cos o, A A+ Oo sin A sin(h+%, uVB Y - uVB cot o sin O’O
(Deg~iin)}(Dez=-.iin)[( Deg-iiin) (Yards)
» From 45B x F
.54 x L5G| cos B Tables C«+D sin D sin E G 45J = H| I/451 sin C
FA B ;‘ﬂ © D E F G H I J K
Flight No. By
Attack No. TILE OF FLIGHT Started
F. C. No. Conpleted
| Form L€ [ Sheet of

CONFIDENTIAL
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N, U. P225 15 Dec., "45
Time sin € €, cos Wwga + b|(uVgash) G | £, - & € EC_F,_E a
(Deg-iiin) X Wg | (kin) [Deg-in)|{ (Veg-uin) (Min) (Jeg—'..ir*
_L5HXAEG o (4L8Hx 41H) 4 y
‘ 3 LEK sin L7K cos ( +« 41T | b x LEH Fx?D c -G sin B H~-1 |Jtan 47
A I B c D 5 F B H I g K
Flisht No. By
Attack No. GRAVITY DROP CCRRLCTION Started
F. C. No. Completed
Form 49 } | Sheet of
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N, U, P22L 15 Dec, '45
Time = a, -a | (a, —d)2 cos (E~G)| cos & {ec_E-e)?- 2
(Deg-win){ (kin) (11111 irad)
cot-.ABJ L9K - B Cx C |cos 49H | cos 491 | D x & xF 49Ix49J | G + H / 1 0.2909xJ
A B C D B F G H I J K
Flieht No. By
Attack No. RADIAL BULLET LINE ERROR Started
F. C. No, Completed
Form 50 ] | Sheet of
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CONFIDENTIAL Sec. D

NOMENCLATURE

1, Coordinate Systems

XYZ - Fixed Ground System: Origin at T , XY-plane on the ground, and Z-axis
directed upward,

X3y 2] - Fighter's Own System: The plane points along the positive yp-axis and
the right wing along the positive xy-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 €

- ry - Coordinates of the fighter relative to the XYZ~-system. (See
Figo

[} ?
1.1).

S 0° £ ay <360° 0" £¢

( @ generally will
be in Bhe neighborhood
of 180 )o

ay €y - Coordinates of the target center T relative to the X1¥121-system.

»

% » ¢ =~ Coordinates relative to the x;y;z)-system of the point of intersection
of the positive X-axis and the target circle.

B, s Yo ~ Traverse and inclination angles, respectively, of the fighter relative
to the XYZ-system (see Fig. 1.4).
0° &g, £ 180° 0° £y, < 360°

% , E¢ =~ Direction of the tangent to the flight path relative to the xyz-system
(see Fig. 1.2).

0° & o ¢360° -90° £ ¢, £ 90°

%, ey - Direction of the tangent to the flight path relative to the X121~

»

aystem (see Fig. 1.2).

4 » v - Angles cf attack and skid, respectively, of the fighter (see Fig. 1.3).

-90° £ o° £ v'<3600

CONFIDENTIAL
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2. Variables (Continued)

R¥ - Bank Angle: Angle between the plane of symmetry and the vertical plane
through the datum line.

R* £ 90°
P¥ ~ Dive ingle: Angle between the datum line and the horizontal plane.

p# £ 90°

3. Miscellaneous
Datum Line : Optical-axis of the fighter camera.

Plane of Symmetry ¢ Plane perpendicular to the airplane's wings and containing
the datum linse.

CONFIDENTIAL



- -

CONFIDENTIAL

/ FLIGHT=
/ < PATH

TARGET
CIRCLE

Fig. l.l. The coordinate systems.
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Fige 1.3

Fig. 1.4
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3.

5.

CONFIDENTL L

Using CRADLE read A, , ¥ , A. (a) From fighter camera film read
from target camera film and re- A g bty g Xq 9 taq » using
cord in Cols 61-B and 61-C, — CRADLE, ang.record in Cols 61-E,
i OIS 61-F, 61-G, and 61-H.
—

ﬁﬁ“‘maﬁhhh (b) Measure the length s (inches) of

the major axis of the elliptical image
Compute ‘he range r, . jﬁxgﬂﬁ,,ffﬂﬂﬂﬂﬂfﬂ,;

#-on the screen and record in Col 61-I.
from the formula ro = £ —

and record in Col 61-J° <«
(get value of k from the

supervisor),
l = v
Plot 4 , Yy , ro smooth B, Plot <, & , g 9 ¢q
and read their values for every smooth and read their values for
0.1 sec, Record in Cols 62-B, every 0.1 sec, Record in Cols 64-B,
o2-C, and €2-D, 64-C, 64-D, and 64-E,
Compute the coordinates X, Y, Z of
the fighter by the formulas
X =z -ro sin B8, ,
Y = -ro cos R, cos vy, ,
2= rocos g sin . ,
and record in Cols 62-1, 62-J, and
62-K.,
Compute Xji] - Xj-1 , the values of X ///
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.

Compute «, , t¢ by the formulas

Xia1 - X3

Yi"‘l - !1_1 /

Zi41 = 23]

tan <, -

tan ¢ = cos «

Tiel = Yi-1
and record in Cols 63-F and 63-J. FLOW CHART X
Using tiis GLOOK find .« , -~ , ANGLE OF ATTACK AND SKID PROBLEM

R*, P* and record in Cols 64-F, 64~G,
64-H, and 64-I.



CONFIDENTIAL
N.U. P22E 1 Dec. '45
|
Target Camera ‘ Fighter Camera |
Frame A WV ] Frame s 8 &y Aq £q S ' L)
unber|(Deiin)} (Degiiin]| Number |(Deg-iiin) (Deg=kin)|(Deg-biin JDegtiin Winches ) | (yards)
' F
From Target Camera' I'rom Fighter Camera Fiéﬁ'{‘er
Film via CRADLE | Film via CRADLE Film From I
A | B ¢ D B % F G H _L J .
Fiight No. By
Attack No. Started
F. C. No. CAMERA DATA Completed
Form 61 [Sheet of
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N, U. P225 1 Dec. '45

Time g P 'y sin g |Jcos a,/ cos y [sin y X Y Z
(Deg:Min) \Deg=i-in}] (Yards) - ° ° |(Yards) | (Yards)| (Yards)
From Graphsof From .
sin B s B os C in C - Dx E | -DxFxG D FxH
61-B and 61-C | Graph c© . = * .
of 61-J
A B C D E F G
Flight No. FLIGHT PATH COORDINATES By
Attack No, (Rectangular) Started
. C. No. = Completed
Sheet of

Form 62 |
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N. U. P22E 1 Dec. '45
Time | X~ Xig|Yie= Yiey [Zin= Zi_y| tanag | ¢ cos @y |Lin= Zif  tan €, Ee
(Deg-kiin) Yiw- Ty (Deg-iin |
From 62I| From 62J |From 62K B/C tan " E cos F D/C GxH tan™' I
G H i i J l |
Flight- No. By
Attack No.’ FLIGHT PATH QOORDINATES Started
F. C. No. (Spherical) Completed
Form 63 ISheet of
‘==:=_J




CON FIDENTIAL N.U, P22E 1 Dec. 'L45

o ¢ o 3
Time T T 2 2 & & R P
(Deg-Min) | (Deg-Min) (Deg~Min) (Deg-Min) | (Deg~Min)| (Deg-Min)| (Deg=uin) (Deg-hiin)
From Graphs of 6lE, F, G, H Via GLOOK
A B € D E F 1 G (LN I I | A i I
Flight No. By
Attack No. ANGLES OF ATTACK, SKID, Started
F. C. No, ____ ROLL AND PITCH Completed
Form 6l | [Shest of

CONFIDENTIAL
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: CONFIDENTIAL Sec. k

GLOSSARY

(see also Section A)
.

ACTUAL CURVES: the projections of the fighter's path reletive 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 and 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 is 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 from the origin onto the XY-plane.

STABILIZED ELEVATION ( € ): with respect to stabilized axes (XY4), the angle between the

projection of a given direction from the origin onto the XY-plane and the direction

itself.

CONFIDENTIAL
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CONFIDENTIAL Sec. E

NOTATION AND ABBREVIATIONS

(see also Section A)

®: stabilized azimuth,

€: stabilized elevation,

€': stabilized elevation if the fighter stays in the plane of action.

RP-63: an Army fighter, a modified Kingcobra, manufactured by Bell Airzraft Corporation.

t: time (seconds) since the start of an attack.

Vi, ¢ Dbomber's TAS.
XYZ: stabilized axes.

XY'Z: air mass axes,

X, ¥, 2z: rectangular coordinates of a point with respect to stabilized axes.,

X, y', z: rectangular coordinates of a point with respect to air mass axes,

CONFIDENTIAL
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CONFIDENTIAL Sec. E

F.C. #36 N.U. P1LE 8/22/L5
Position of RP-63 with respect to forward crown-turret on PBLY-2
Flight IC, Attack 2, Type ayvy

Time Range Stabilized Stabilized
: Azimuth Elevation

(sec) (yards) (deg-min) (deg-min)
0.0 825 26° 54 7° s8¢
0.2 812 L5 51 7 55
0.4 799 244 L9 2t
0.6 786 243 48 T 45
0.8 773 242 45 7 39
1.0 761 20 42 T 35
1.2 748 240 40 7 26
1.4 734 239 38 7 20
1.6 720 238 33 7 13
1,8 707 237 2., 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 26 2 6 07
3.6 605 227 15 5 58
3.8 595 226 06 5 50
4.0 585 22, 56 5 40
L.2 575 223 48 5 2R
Loy 566 222 11 5 22
4.6 557 221 33 5 12
4.8 548 220 24 5 02
5.0 539 219 18 L 52
5.2 530 2i8 12 L 42
5.4 522 247 09 L 31
5.6 514 216 05 L 2
5.8 506 215 01 L 10
6.0 497 213 59 4 00
6.2 489 212 55 3 49
6o 481 A1 54 3 38
6.6 474 210 53 3 27
6.8 L67 209 52 3 16
7.0 L59 208 53 3 04
Te2 452 207 5S4 2 52
Tk LiL5 206 55 2 L0
) L37 206 00 2 28
7.8 430 205 07 2 16
8.0 L24 204 15 2 O4
8.2 417 203 24 1 52
8.4 410 202 33 1 40

Fig. 1.01l. Sample fighter-position data,

- CONFIDEMTIAL
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Fig. 1.02. Transformation of coordinates.
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1,

3.

RAZEL FILM
Forward crown-turret

Read scales at selected frame 1.
intervals and record gun Az,

and El, w.r.t.* turret axes in

Col 10-C and 10-D,**

Correct Cols 10-C &nd 10-D,
recording in Cols 10-F and 10-G. >

Plot these gun Az, and El. read-
ings against frame numbers and 3.
corresponding time scale,

4

®* w,r.t. = with respect to

%1t

* %%

These instructions assume that all films
correspond frame by frame., If they do
not, interpolation of the graphs will

be required to "synchronize" data,

Supervisor will supply values of Kg or
depending on use of wing-lights or wing-marks,

-

GUN-CAMERA FILM

Forward crown-turret

Using 35 mm projector and screen in 1.1

Booth No. 2 plot target-points on

screen,

Using CRADLE, obtain target Az, and
El. readings w,r.t.* bomber axes
centered at forward crown-turret, **

Ca M

[o%)
[
~

[y, N

Record in Cols 11-F and 11-G.

Plot these unstabilized target Az,
and El, readings against frame

3.

—ttd 2

numbers and corresponding time

ccale as a check on Step 2, e

Record in Cols 24~C and 24-D the
unstabilized target Az, and El,

w.r.t.* turret axes,

5.

9.

o= . B

}
Use GLOOK to compute stabil

target Az, and El, w.r.t.*
&Xes-

Plot and smooth these stabi
target Az, and El, readinges
frame numbers and correspor
tine scale, Record smoothe
data (intervals of 0,2 sec)
Cols 25-C and 25-D,

Record in Cols 25-E, 25-F,
25-H the values of sin El,,
sin Az,, and cos Az,

Compute the rectangular coc
r cos & sin =

rcos € cos «
r gin €

B -y

of the fighter w,r,t.* the
Record in Cols 25-J, 25-K

Compute the actual coordina
of the fighter w.r.t.* the
I'"=Y » Vb, where Vo= b
t =time (Col 25-4).



GYRO FIIM

1. Read dials at selected freme intervals
and record yaw, pitch ard 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 2]1-F, 21-G and 21-H,

3. If necessary (see supervisor) correct
roll and yaw readings for use in GLOOK
(using AMG-N Table I),

4, Plot pitech, roll, and yaw against frame
numbers and corresponding time scale,
Record in Cols 24-E, 24-F and 2{-G at
forward gun camera frame numbers,

ipute stabilized
J, w.r.t.* turret

these stabilized v
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

GUN-CAMFRA FILM
Rear crown-turret

Using 35 mm projector and screen
in Booth No, 2, scale wing-lights
and/or wing-marks, and record in
Cols 11-B and 11-D,

Calculate range data from the
formula:

r - Eé or EZ IGHE Record
3 m

in Col}s 11-C and 11l-E,

Flot and smooth range data against
frame numbers and corresponding
time scale, &

Read smoothed range data (intervals
of 0.2 sec), Correct for the
forward turret from the table pro-
vided, Record in Col 25-B,

gin
08 o

v.r.t.* the bomber,
25-J, 25-K and 25-L.

1l coordinates X, ¥', Z
,r.t.* the ‘
1ere V, - elocity and

).

FLOW CHART XI
FLIGHT PATH OF FIGHTER 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,

CONFIDENTIAL —)
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Time
( Sec)

299s TNO*® 3Sadeou

SpU0das 0% PaIsAusd y—OT 100

Gun

N. U, PLLE 25 Lay ‘45
Elevation
(Deg - Min)

utul 1saJaesu
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