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FOREWORD

This Manual is intended for use in the training and maintenance of skill of the fighter pilot
in gunnery, rocketry and bombing.

The Manual is partly directive and partly informational in nature. The directive portion is
contained in Chapter 9 which prescribes procedures for practice and qualification operation of
fighter weapons, and provides standard methods of scoring, recording, and tactically evaluating
the results. The remainder of the Manual is for the information and guidance of all concerned with
furthering the proficiency of the fighter pilot in gunnery, rocketry and bombing. The scope of the
material in this Manual ranges from a discussion of the general fire control problem to the actual
mechanics of harmonization of weapons and sights. It also describes procedures for evaluating
the effectiveness of fighter weapons training by means of recording and assessing devices.

Recommendations and suggestions for the improvement or revision of this vManua.l are en-
couraged and should be forwarded to the Director, Personnel Procurement and Training, Head-
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To the fighter piiot

Proper employment of fighter weapons is one of the vital
functions of the United States Air Force. To insure the accomplish-
ment of this function at maximum efficiency, the Air Force is
continually improving its aircraft, its equipment, and its tech-
niques. In the final analysis, however, everything depends on you.
Your ability to use fighter aircraft and associated equipment is
the key to the entire situation.

Before you can use the aircraft as an effective weapon, you must
be able to solve certain problems. For most of these problems
this manual presents accepted solutions based on experience gained
from combat, from gunnery meets, and from extensive testing by
various units. Study of this manual will, therefore, provide you
with valid information pertinent to your gunnery problems and
will help you attain your maximum proficiency as a fighter pilot.
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The fighter aircraft in the role assigned to
it today must be able successfully to engage
both airborne and ground targets. The vulner-
ability of these targets is continually being
reduced by such measures as higher speed,
greater armor, and increased retaliatary fire
power. In order for the fighter aircraft to
keep ahead in this race, it has been given high
speed and maneuverability, and heavy hitting
power with guns, bombs and rockets. The
purpose of this manual is to set forth the
techniques that will combine these character-
istics of the fighter aircraft for maximum
effectiveness.

To cope with the newer targets, the fighter
aircraft must be able to deliver its fire with
extreme accuracy at hitherto impossible
ranges. Inevitably this has meant the develop-
ment of mechanical aids to assist the pilot —
devices such as computing sights and range-
and direction-sensing equipment. A critical
part of the problem in getting hits is to ensure
that these devices are properly oriented with
the aircraft and its armament. This adjust-
ment, called harmonization, is covered fully
in this manual.

Because the types of fighter aircraft and
their equipments are constantly changing, it
has been considered as important in the

CHAPTER ]

manual to tell why a thing is done as to de-
scribe how it is done. The why properly begins
with an explanation of the general fire control
problem that the fighter aircraft must meet.
The firing of a gun at pointblank range illus-
trates the simplest kind of fire control problem.
To score hits the gunner has only to aim direct-
ly at the target and to fire.

But when fire is conducted from a fighter
aircraft, many complicating factors are intro-
duced. The fighter aircraft is in rapid motion.
The target may also be moving rapidly.
Equally important, the distance between the
fighter aircraft and the target is usually as
great as accurate fire will permit. These condi-
tions give rise to errors in the fire, and a pro-
jectile aimed pointblank will miss the target.
The problem, then, is to find the magnitudes
of these errors and apply appropriate correc-
tions during the conduct of fire. When the
errors are small, the pilot can be trained to
make intelligent adjustments in his aiming.
When the errors are large, this function
must be assumed by a properly designed com-
puter. The several types of gunfire computers
that have been developed to meet this need
are described in chapter 2.

This chapter deals with the gunfire problem
and the rocket fire problem.
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THE GUNFIRE PROBLEM
Deflection Shooting

The armament of a fighter aircraft is charac-
terized by being fixed to the aircraft. In
effect, the aircraft itself becomes the weapon,
and fire is directed by aiming the aircraft.

In firing at an airborne target from a fighter
aircraft the most accurate fire can be con-
ducted from a direct stern or a head-on ap-
proach even though the target silhouette is
small. But the present-day high speeds and
defensive equipment of the usual targets make
this approach undersirable. Instead, deflec-
tion shooting from some type of side approach
must be followed.

LEAD PURSUIT COURSE FOR AIRCRAFT. In
deflection shooting, when a fighter aircraft is
making a pass at a target, there are obvious ad-
vantages in flying a course from any point of
which successful fire can be delivered. A
course of this kind is a called a lead pursuit

Lead Pursuit Course

course. Such a course is shown in the illus-
tration on the left below.

When a fighter aircraft follows a course of
this nature the guns are properly aimed at
every instant to score hits on the target. Note
that the guns are not aimed directly at the
target, but at a point in advance of the target,
toward which both projectile and target travel
to a collision.

COLLISION COURSE FOR PROJECTILES. The
aircraft and its guns are aimed correctly when
the projectile leaves the gun along a path
toward the target called a collision course.
A course of this nature becomes established
when the straight line joining the moving
projectile and the target remains parallel
to itself at successive instants of time, and
when the projectile is also moving in a general
direction to close with the target. The elements
of a typical collision course are shown in the
illustration below.

Collision Course for Projectiles

(;



Line of Sight

Elements of the Problem

The fire control problem, as it concerns the
fixed guns of fighter aircraft, is to determine
the lead pursuit course that will answer the re-
quirements of the target and attacking air-
craft courses and speeds, and the type of
projectile being fired. The elements of the
problem are discussed in the paragraphs which
follow.

LINE oF sIGHT. A typical approach in air-
to-air deflection shooting is shown in the
drawing on this page. A straight line is shown
joining the attacking aircraft and the target.
This line is called the line of sight. Practically,
it is the direction along which the pilot of the
attacking aircraft looks at any instant when
he is observing the target. This is an important
direction in fire control, because from the
successive positions of this line much can
be learned about the way in which the target
is moving. Note in this figure that the line
of sight is not necessarily along the direction
of flight of the fighter aircraft.

GuN LINE. The next drawing shows the
same situation as that in the previous one,
but now an additional line, called the gun
line, is shown. For a single gun this is the line
along which the gun is pointed. For multiple

Gun Line

Lead Angle

guns it refers to the mean gun line. In fighter
aircraft the gun line is very nearly along the
line of flight of the aircraft, and it is shown
this way in the figure. The gun line i8 an
important direction because it largely deter-
mines the line of departure of the projectile.

LeAD. The next drawing the gun line is
shown offset from the line of sight by the
lead angle. Lead is required whenever the line
of sight must turn to remain on the target.
Only in a stern chase, or when target and
attacker travel parallel courses at the same
speed, is there no turning motion of the line
of sight. In such cases no lead is required.
In all other cases the guns must be given an
angular offset, or lead, from the line of sight
in order to score hits. The figure shows why
this correction is required.

No matter how fast a bullet travels, it still
needs a measurable time to reach the target
after being fired. During this time the target
travels forward, so we must “lead” the target
by enough of an angle to meet it with the
bullet at a future point in the target path.

Lead is not required in fire against a station-
ary ground target. In this case the fighter
flies directly toward the target; consequently,
the line of sight does not change significantly
in direction.
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Angular Velocity of the Line of Sight

ANGULAR VELOCITY OF THE LINE OF SIGHT.
When the fighter closes on a target, it has
three kinds of motion (1) roll about the longi-
tudinal (or roll) axis, (2) forward motion in
the direction of flight, and (3) turning motion.
These are illustrated in the drawing on this
page. Because of the turning motion, the
pilot’s line of sight to the target sweeps out an
angle in space.

Lead occurs in the flat plane swept out
by this line of sight. A future position of the
target can be predicted a short time in ad-
vance by continuing the sweep of the line
of sight into the future. Thus, to find the lead
angle, the rate of sweep, or angular velocity
of the line of sight, must be measured.

The angular velocity of the line of sight is
measured by the pilot in the tracking opera-
tion. In good tracking, the pilot maneuvers
his aircraft to keep a tracking index in the
gunsight closely centered on the target. He
thus matches the turning rate of his aircraft
with the angular velocity of the line of sight.
The correctness of the lead angle calculated
by the sight depends on how well he achieves
this match.

Factors That Affect the Lead Angle

TiME OF FLIGHT. In order to know how
far into the future to continue the sweep of
the line of sight, the time of flight of the bullet
to the expected target position must be known.
Time of flight depends upon the range to the
target and the average velocity of the pro-
jectile over this range. This can be determined
closely if the muzzle velocity of the projec-
tile, the air resistance (which slows the

- projectile), and the range are known. These

quantities are illustrated in the drawing
above.

The average velocity of the projectile is
known and can be designed into the sight
mechanism. But both the range and the air
resistance vary so much that it is necessary
either to measure them or to estimate them
before the projectile is fired. Any device for
measuring the range to the target must meas-
ure this distance at it exists at the instant the
projectile is fired, that is, the present range.
On the other hand, the projectile traverses a
distance to some future target position — the
collision point. Nevertheless, it has been
found possible to base the lead angle success-
fully on measurements of the present range.

Q



Gravity Drop Angle

GRAVITY DROP. Any projectile, whether it
is a machine gun bullet, a bomb, or a rocket,
commences to fall under the pull of gravity
the instant it is released. In fire control this
effect is called gravity drop. It occurs only in
the vertical plane, and it depends only on the
time of fall and the force of gravity. However,
the projectile has a forward motion as well,
due to the muzzle velocity. Because the pro-
jectile is moving forward at the same time
it is falling, and because it falls at an ever-
increasing rate, the resulting trajectory is a
curved line, as illustrated above.

The amount of gravity drop is usually ex-
pressed in terms of the gravity drop angle,
which is governed by the amount of the
trajectory curvature. In caliber .50 machine
gun fire at usual ranges this angle is small;
in bombing or rocket-fire it may be very large.
This curvature is determined not by the
full force of gravity but by the component of
gravity perpendicular to the line of departure
of the projectile (practically, the gun line).
It is this component that must be measured
in computing the gravity drop angle. It is
shown in the drawing above.

AP 335-25 FEB 1956

Correction for Gravity Drop

The correction for gravity drop is called
the gravity drop correction and is made by
elevating the line of departure of the projectile
through the gravity drop angle. The time of
fall of the projectile is identical with its time
of flight and is determined as described in the
paragraph on lead.

VELocrTY JuMP. When a bullet is resting in
the breech of a gun in a moving fighter air-
craft, the pilot senses the bullet as not mov-
ing with respect to himself. However, with
respect to a possible target, the bullet is mov-
ing with the speed and direction of the attack-
ing aircraft. If the gun is then fired in exactly
the direction in which the aircraft is moving,
the projectile will start out along the gun line
with a speed that is the sum of the muzzle
velocity and the aircraft velocity. But it
frequently happens that the gun line forms an
angle with the flight path of the aircraft. In
this case, as shown in the illustration below,
the projectile does not start out along the
gun line. It takes, rather, an intermediate
path between the gun line and the flight path.
This intermediate direction depends upon the
muzzle velocity, the aircraft velocity, and

ARCRAFT vRLOOITY
mhm:‘d‘:‘hﬂﬂnpﬂaﬂmbphmh
iy ircraft velocity ( I

and direction in order to show the veloclty jump more clearly).
Velocity Jump
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the angle between their two directions. That
is, the two velocities compound to produce a
resultant velocity with a new direction, called
the effective gun bore line. The angle from the
gun line to the line of departure of the pro-
jectile, or effective gun bore line, is called the
velocity jump, and is classed as an error. This
error is sometimes referred to as the angle of
departure. Correction for this error is made
by displacing the gun line by a like angular
amount in the opposite direction. That is, the
velocity jump correction is an angle equal and
opposite to the velocity jump.

In gunfire from fighter aircraft, the velocity
jump correction under normal g loading is
usually small, perhaps 1 mil. However, in
maneuvers producing heavy g loading, velocity
jump becomes much more significant and may
be a source of considerable error in aiming.

In general, the geometrical plane in which
velocity jump takes place depends almost
wholly on the angle of bank, as shown in the
illustration below. But under typical condi-
tions or rocket release (wings level), velocity
jump occurs practically in the vertical plane.

The actual amount of velocity jump can
be closely determined from the relation:

angle
angle
Velocity  between
jump =the gun line x
(mils) and the fighter
flight path aircraft+ muzzle
(mils) velocity velocity

As an example, for a case in which the gun
line and the flight path differ by 18 mils,
the aircraft velocity is 800 feet per second

fighter aircraft
velocity (TAS)

(545 mph), and the muzzle velocity is 2,800
feet per second, the velocity jump will be
4 mils.

OTHER FACTORS. There are many other
errors occurring in gunfire, bombing, and
rocketfire, but which are minor in comparison
with those described. For example, a small
shift in the bullet trajectory, called drift,
occurs from a combination of the gyroscopic
properties of the spinning projectile with the
resistance of the atmosphere. A related
phenomenon called windage jump occurs from
the action of a cross wind at the gun muzzle.
(This effect becomes large in flexible gunnery).
These errors are so small as to be within the
tolerance limits of the fighter aircraft fire
control problem and need no further comment
here.

Prediction Angle

The angle from the present line of sight
to the gun line when it is properly pointed to
get hits is called the prediction angle. That is,
it is the angle by which the gun line must be
offset from the line of sight for the bullets
to collide with the target at a predicted point.
The illustration on this page shows that in
fighter gunnery the prediction angle is com-
pounded of lead, gravity drop correction, and
velocity jump correction. It can be seen that
for the instant of time illustrated on the next
page the gun line is in effect offset to the
right by the amount of the lead, and is then
elevated by the gravity drop correction and the
velocity jump correction. When the gun is
fired, the bullet takes off along a path lowered
from the gun line by the amount of the velocity
jump. Thence forward the bullet drops be-
cause of the pull of gravity so that it falls

Velocity Jump in a Banked Turn
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Prediction Angle and Its Components

to the path of the target and collides with it
when the target reaches the predicted point
of collision.

It is possible for the fighter pilot to make
a skillful guess as to the magnitude and direc-
tion of the prediction angle when speeds are
low and ranges are short. Even with high
speeds, if the range is short enough he can
use instruments for calculating lead, and rely
on his judgnment, plus arbitrary fixed correc-
tions, to account for gravity drop and velocity
jump. But if longer-range requirements are
added to those of high speed, accurate hitting
demands computing devices that will remove
all pilot estimation. In chapter 2 it is shown
how these increasingly severe requirements
are met in computing equipment available
to fighter pilots today.

THE ROCKETFIRE PROBLEM

The trajectory of a rocket launched from a
fighter aircraft differs greatly from that of a
bullet. With a bullet, the gun line has a
determining effect on the trajectory; with a
rocket, the direction of its launcher line has
very little effect on the trajectory. At the
instant of launch, the rocket velocity is largely
that of the launching aircraft. Also, at launch,
the rocket fins very quickly head the rocket
into the relative wind, that is, along the

flight path of the aircraft. For this reason the
actual effect of the launcher line on the rocket
trajectory is relatively small. Once launched,
the rocket propellent quickly speeds up the
rocket to a high velocity. At the same time
gravity is pulling the rocket toward the earth,
which acts to depress the line of rocket flight,
since the rocket seeks to head into the relative
wind. The result is that the rocket propellent
drives the rocket earthward faster than would
gravity acting alone, and a greatly increased
gravity drop is experienced.

During the boost period, the rocket tra-
jectory is not a simple curve but is rather an
oscillating path as the rocket seeks the direc-
tion of the relative wind. Nevertheless, the
average trajectory, important for fire control,
is as described.

After burnout, when the propellent has be-
come exhausted, the rocket assumes a free-
fall path governed by its velocity and aero-
dynamic configuration.

Present fire control systems for rocketfire
direct the rockets at a moving target from a
lead pursuit course.

Another type of course is called the rocket
collision course. 1t is shown in the illustration
on the next page. In this type of course the
flight path of the attacking aircraft is a
straight line which, when extended from the
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Rocket Collision Course

present position of the aircraft, intersects the
flight path of the target aircraft. The attack-
ing aircraft can secure a hit on the target at
one point, and one point only, during the
attack. This is the instant when the time
required for the projectile to reach the inter-
section of the two flight paths just equals
the time required for the target to reach the
intersection.

Dive Bombing with Fighter Aircraft

THE BOMBING PROBLEM

Bombing is to some extent a special prob-
lem for fighter aircraft, because, unlike a
rocket or a projectile, the bomb has no self-
generated velocity but must depend on the
velocity imparted to it by the launching air-
craft and by gravity. In bombing, there is no
velocity jump, but gravity drop becomes
comparable in importance to lead.

In dropping bombs two types of courses are
important: dive bombing and toss bombing.

Dive Bombing

In a dive-bombing run, the aircraft ap-
proaches from the horizontal and is made to
follow a downward-curving, ever-steepening
path that at one point becomes tangent
to a free-fall trajectory to the target. This
type of course is illustrated in the drawing
on the next page.

Toss Bombing

In a toss-bombing run, the aircraft ap-
proaches the target first at a fixed dive angle,
then in a constant g pullout straight ahead,
as shown in the drawing below. At some point
during pullout, the path becomes tangent
to a free-fall trajectory, at which point the
bomb is released.

Toss Bombing with Fighter Aircraft



The high speeds of fighter aircraft make
some form of computing gunsight a necessity.
However, whether the computing is done by
mechanical or electromechanical devices or
by human calculation, the general principles
are the same. Each method may handle the
problem differently, but to be successful all
of them must produce the same answer.

Two general types of computing sights are
in present use with fighter aircraft of the Air
Force. The K-series sights have been in use
for air-to-air gunnery since World War II.
The A-series sights were used extensively in
Korea.

This chapter begins with information on
early aiming systems and fixed optical sights,
leading to a discussion of the technique of esti-
mating range and lead with fixed sights. Ma-
terial is then presented outlining the frame-
work of the fighter weapons systems now in
use. General information on computing sys-
tems is followed by descriptive material on
the manually ranged (stadiametric) portion
of the K-series of sights. General information
on radar systems introduces discussions of
the K-19 radar-ranged sight and of the A-
series sights. Explanations are given of the
functioning of the A-series sights during gun-
fire, rocketfire, and bombing. The malfunc-
tions of the A-series sights are listed. Token
mention is made of the M-1 toss bomb com-
puter. The chapter closes with a discussion
of the AN/APG-30 radar system.

CHAPTER 2

fighter
weapons
systems

EARLY AIMING SYSTEMS

At the start of World War I it was found
that the airplane could be used advantageously
against the enemy. At first, the airplane was
used to observe enemy troops and supply
movements only. Soon a rivalry developed
between the opposing observer pilots, and a
new type of human being was born — the
fighter pilot.

The first fighter pilots downed enemy air-
craft by dropping scrap metal into the oppo-
nents’ propellers, or by close range fire with
small arms ammunition. Soon after the be-
ginning of the war, guns were installed on
aircraft. At first, the pilot fired his guns
without the aid of a sight. He merely pointed
the nose of the aircraft at the target, and pulled
the trigger. The results were poor. It became
apparent that some sort of an aiming device
was needed for the pilot to deliver his arma-
ment effectively. This led to the development
of the first aiming system.

Two-Post Sight

The two-post sight was the first gunsight.
It consisted merely of two posts alined on
the forward part of the aircraft fuselage. The
two posts were fixed in reference to the guns.
The pilot’s job in aiming was to position his
aircraft so as to aline the two posts with the
target. Obviously, this aiming system had its
shortcomings. Primarily it did not provide
the pilot with a method of measuring target
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POST

Ring-and-Bead Sight

range or deflection lead allowance. The poor
results obtained led to the development of
another sighting system.

Ring-and-Bead Sight

The ring-and-bead (or ring-and-post) sight
replaced the two posts. This sight consisted
of two elements alined on the forward part
of the fuselage and fixed in reference to the
guns. The rear element was a ring containing
coplanar concentric rings and having a center
cross. The inner rings were designed so as to
divide the horizontal and vertical diameters
of the outer ring into six equal segments. The
purpose of this was to aid in range estimation.
The front element was a bead supported on a
post. The sight is shown in the illustration
above.

To use the sight, the gunner placed his eye
at a predetermined fixed distance from the
ring, so that the ring formed a reticle of a
known mil value, usually 100 mils. To make
a no-deflection shot, the pilot maneuvered the
aircraft to aline the cross and bead upon the
target. To make a deflection shot, he ma-
neuvered the aircraft so that the cross and
bead were alined and pointing out ahead of
the target the proper amount of lead.

To estimate range the pilot had to know the
wingspan of his target. Using the known
wingspan and comparing the apparent size
of the target with the size of the 100-mil
reticle, he could estimate the target’s range.

Most pilots speak of the 100-mil sight as a
100-mph sight. What they mean ig that one
radius of the sight ring is the proper lead for
a 100-mph target at 90° angle-off. This tech-
nique for calculating deflection lead allowance
is discussed farther on in this chapter.

Although the ring-and-bead sight was far
superior to the two posts, it had some short-
comings that are worth mentioning.

a. There was only one eye position that
would provide an accurate sight picture for
the pilot. The mil value of the reticle was
based on the assumption that the pilot would
position his eye at exactly a predetermined
distance from the reticle. At that distance
the angle formed by the reticle with the pilot’s
eye was exactly 100 mils. If the pilot moved

. his eye from that position, he spoiled the mil

value of the reticle. As he moved his eye
closer to the reticle, the mil value increased.

Eye Position Affects Mil Yalue of Reticle

10




If he moved his eye farther back, the mil value
decreased. Errors in head position, therefore
affected the accuracy of range estimation.
This is shown in the illustration on the pre-
ceding page.

b. The pilot had to have the center cross,
bead, and target alined perfectly at the time
of firing. It has been calculated that if his
head was to one side spoiling the alinement by
as little as 14 inch, he would miss a target
by approximately 40 feet at a range of 1,000
feet. It is extremely difficult for a pilot to
maintain a head position within a plus or
minus l4-inch tolerance.

c. The pilot had to aline the center cross,
the bead, and the target in his aiming. This
meant that he had to focus his eyes simul-
taneously on the cross a few feet from his
eyes, on the bead a little farther out, and
finally on the target at hundreds of feet out.
This is a physical impossibility for any eye.
This made the problem of alining the three
references very difficult.

d. Estimating the deflection lead allow-
ance by laying off a number of reticle radii
lead ahead of the target was a difficult and
inaccurate method. First, there is the prob-
lem of focusing the eyes. Add to that the
problem of sighting in two directions simul-
taneously as would be the case in a deflection
shot. It is a wonder that the pilot was able to
shoot down an enemy aircraft at other than
a dead astern or head-on pass.

The ring-and-bead sight was in use from
the final months of World War I until after
Pearl Harbor. It became apparent at this time
that a better sighting system sight was bad-
ly needed. Engineers, therefore, set to work
devising the optical gunsight which, in prin-
ciple, is still the same sight in use today.

FIXED OPTICAL SIGHTS

Although computing sights are now stand-
ard installations on all fighter aircraft, the
successful use of these sights is still dependent
on the pilot’s knowledge of aerial gunnery as
practiced with the fixed sight. This is particu-
larly true of the present computing sights, the
accuracy of which depends on the pilot’s man-
ipulation of the sight controls and his ability
to do smooth, coordinated flying.

n
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Characteristics of Fixed Optical Sights
A fixed sight for fighter aircraft must pro-
vide: ‘

a. An aiming point, or sighting line, which
can be harmonized with the line of flight of
the aircraft and the bullet trajectories.

b. A method for quick estimation of
range and deflection allowance.

c. A method of sighting that is not
affected by movement of the pilot’s head.

The optical sight always gives a clear pic-
ture of the reticle image and the target.

In addition, an effective sight must be
adaptable to instal]ation in such a manner
that it will give: a

a. Good visibility with a clear view of
the target.

b. Maximum lead allowance over the
fighter aircraft’s nose.

c. A convenient harmonization adjust-
ment.

Optical System

Though various types of optical sights are
in use, their basic principles are the same.
There is little difference between the basic

‘design of the optical system of the fixed

sight and that of the computing sight. As
illustrated below, the optical system has four
main parts: light source, reticle, lens, and
reflector plate.

Light Source

The light source, or lamp, is usually housed
in a cavity designed to keep light losses at a

Schematic Drawing of Optical System
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minimum. All surfaces of the cavity that are
exposed to light are finished to produce as
high a degree of reflectivity as practicable.
A housing door is provided in such a manner
as to be light-tight, affording the pilot a
means of access for quick interchange of
light bulbs in case of light failure during flight.

Reticle

The ring and pipper image is formed from
the reticle. The reticle is a thin metal plate
installed between the light source (bulb) and
reflecting mirror, or, in some cases where no
reflecting mirrors are used, between the
light source and the lens. This plate is per-
forated with a circle (the ring) and a pinpoint
hole (the pipper). The remainder of the plate
blocks off all light rays except those passing
through the perforation. The reticles are us-
ually small in size, the diameters ranging from
14 to 1 inch.

Lens

The lens is a collimating type.

EFFECT OF LENS ON THE PIPPER. All of the
light rays from any one point on the reticle
are collimated, that is, are made parallel when
they pass through the lens. Therefore, the
pipper is made up of parallel, or collimated,
light rays. This effect may be visualized if,



for the parallel light rays seen as a pipper,
there is substituted a bundle of hollow tubes
or columns that are parallel.

Because of the collimation of the light rays,
the pilot can move his head, yet the pipper
remains on the target. Of course, in the case
of the hollow tubes, if he moves his head too
far, he will not be looking through any tube;
or, in the case of the light rays, he will not
see any pipper.

EFFECT OF LENS ON THE RING. As they
pass through the lens, all the light rays coming

AFM 335-25 FEB 1956

from the ring cut in the reticle are collimated,
or transformed into parallel rays of light. The
lens forms these parallel rays of light into a
cylinder.

RETICLE IMAGE. The cylinder and the
column of light appear as a ring and a det
of light on the reflector plate. This ring and
dot of light are the reticle image. Because of
the refractive effect of the lens, the reticle
image can be seen by the pilot on any portion
of the reflector plate. This condition permits
the pilot to move his head in any direction

A

| wv“@

_
A

the whole alrcriaft.

same way.

THIS IS THE RING SEEN

[N )

Now, point this bundle ot on aircraft 1,000 feet
away ond look through one of these tubes. You con see

Without moving the bundle, lock through a
different tube. You con siill see the same aircraft in the

IT COULD BE HERE

OR HERE ETC.

Effect of Parallel Light Rays
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(within limits determined by the size of the
lens and reflector plate) without altering the
relationship between the reticle image and
the target.

The reticle image can be extended to any
distance regardless of where the eyes are

focused. As a result, when the eyes are
focused on the target, the ring and pipper
appear at the same focal distance as the
target. This eliminates the tiring and in-
efficient necessity of constantly refocusing
the eyes as was necessary with the iron ring

and post.

But there are many of thse cones, and they

are parellel to each other. So the gunner can move his head

around (within limits) and his eye is still on the point of one

of the cones.

Effect of Head Movement

14
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The Mil

Reflector Plate

The reflector plate, which is located on
the top of the sight, is that part of the sight
that presents the reticle image to the pilot’s
eye. Being transparent and having a certain
amount of reflectivity, the reflector plate
permits the pilot to superimpose visually the
reticle image on the target.

The Mil

Because the cones of light are parallel,
they have equal angular values. Angles are
usually measured in degrees, but a degree
is too large a unit of measurement for aiming
purposes. For example, if a gun barrel is
swung 4°, the bullet will miss the target by
more than 70 feet at only a 1,000-foot range.
Therefore, since a smaller unit of measure-
ment is needed, the 360° circle is divided into
6,400 units. Each unit is 1 mil. The mil is a
convenient unit of measurement. At a range
of 1,000 feet, 1 mil equals 1 foot.

The diagram at the top of this page illus-
trates the mil.
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Parallax

The term parallax, as used here, is defined
as the apparent difference in the position of an
object when viewed from two different points.

Whenever the reticle image of the sight
moves away from a distant target as the head
moves, a condition termed parallax is present.
This occurs when the lens is out of adjust-
ment. In this case the light rays coming from
the reticle off the reflecting mirror are no
longer perfectly collimated after they pass
through the lens.

In earlier types of optical sights, lens ad-
justments could be made by screwing the
lens assemblies up or down, but, with the
present computing sights, the entire sight
head is returned to a qualified depot for the
necessary adjustments. Because there is a
certain amount of parallax present in all
lenses, careful and extremely accurate adjust-
ment is necessary to reduce this condition to
such an extent that, when the pilot moves his
head, there is no apparent shift between the
target and reticle images.

Parallax
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Sight Picture

TECHNIQUE OF ESTIMATING RANGE
AND LEAD USING THE FIXED SIGHT

In aerial gunnery, especially with the fixed
gun sight, obtaining the correct sight picture
is necessary for accuracy. The sight picture
is the relation of the sight to the target. If
the pilot knows which sight pictures result in
hits, if he can fly well enough to get these pic-
tures, and if the guns are harmonized so that
bullets properly intersect the sight line, he
can hit the target.

Learning the proper sight picture is rela-
tively simple. This is done on the ground.
Then, with this knewledge, the pilot attempts
to “fly the sight” and hit the target. Flying
the sight properly requires intensive and
analytical practice, because the bullets, the
aircraft, and the pilot have certain limita-
tions.

Normally, the fixed sight is used in event
of failure of the gyroscopic sight, in order to
check the operation of the gyroscope, or in
conjunction with the gyroscopic sight. The
pilot measures range and deflection with the
fixed sight.

To use any fixed sight in air-to-air or air-
to-ground attacks, the pilot must know the
size of the fixed ring and the speed value of
the sight. In some models of the K-14 sight
the fixed ring is 70 mils in diameter, and in
others the fixed ring is 100 mils. This is shown
in the illustration above.

The ring is formed by a cone of light. It
forms an angle (measured in mils) at the eye.
The field of view encompassed by the 70-mil
ring increases 7 feet in diameter for every
100-foot increase in range. The field of view
encompassed by the 100-mil ring increases

Optical Sight Reticles
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10 feet in diameter for every 100-foot increase
in range.

Since the size of the ring always appears
the same but the size of the target appears
to vary with range, the range can be estimated
if the actual size of the target is known. It

fills one-third, one-half, etc. of the ring at

various ranges.

Before the gunner can establish a sight
picture that results in hits, he must know
the limits of effective range and the best
range at which to fire. A fighter’s machine
guns have limitations, as do all weapons.
There is a limit to their effective range and
to their most effective range.

The farthest range at which the bullets
are effective is neither the maximum range
the gun can shoot nor the maximum range at
which the bullets still have penetrating power.
Bullets may be ineffective even when they
still have a high velocity and striking power,
because with a fixed gun sight, the gunner
can only aim them accurately and control
their trajectory ever short ranges. Aiming is
a deflection problem. With the fixed sight,
accuracy is largely dependent on the pilot’s
judgment of range and deflection. A small
sighting error is negligible at close range.
However, as the range increases, the error is
magnified and becomes important.

At a 1,000-foot range, it is difficult for even
an expert to hold his sight within 5 or 6
feet of the desired aiming point, and at 1,500
feet it is difficult to hold the sight within 8
or 9 feet. Therefore, since fighter aircraft
present a relatively small target area, the
pilot’s ability to aim becomes a major limita-
tion of effective range.

Various forces beyond the pilot’s control
affect the bullets and limit their effective
range. The cone of bullet dispersion from a
caliber .50 machine gun is about 4 mils for
759%, of the rounds. The effect of gravity on
the bullets is relatively small over ranges
requiring less than 14 second of flight, but
beyond these ranges, bullet drop increases
rapidly. In some aircraft, gun harmoniza-
tion can compensate for gravity drop of the
bullets over the first 1,800 to 2,000 feet when
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Target in Reticle

the aircraft is in level flight, and can partially
compensate for bullet drop when the aircraft
is banked.

Changes in bullet velocity caused by a
change of aircraft speed and variable air
resistance limit the accurate firing range. This
limitation is important because fast-moving
targets require lead allowances that are
based on carefully calculated bullet-speed
data. Because it is difficult to calculate the
exact target range, air density, and lead re-
quired each moment, and because the range
may be decreasing as the pilot is firing at the
target, the pilot must use an average bullet
velocity. Use of the average bullet velocity
gets the best results only at short ranges, be-
cause the farther the bullet travels, the greater
the error.

Ballistic tables can be used to determine the
maximum range at which the target can be
led with reasonable accuracy, using an average
bullet velocity. They show the maximum
range at which changes in altitude and air
speed make ne appreciable change in the
bullet’s speed, and the maximum range within
which the bullet’s time of flight is practically
proportional to the range covered. Such a
study of caliber .50 AP ammunition reveals
that, at a 600-foot range, excellent accuracy
is possible because variations in the bullet’s
time of flight are negligible under all operating
conditions of speed and altitude. At a 1,200-
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Effective Range

foot range, the bullet’s speed is still consistent
enough to permit reasonable accuracy. This is
shown in the illustration above.

Beyond a 1,200-foot range, changes in time
of flight of the bullet under different opera-
tional conditions and aiming errors by the
pilot using a fixed optical sight are too great
to permit accurate lead.

With the use of the fixed optical sight, the
limit of effective range is about 1,200 feet
and the most effective range is closer and
depends on the particular aircraft’s harmoni-
zation and the pilot’s ability. Since the pilot
does not remain at the most efféctive range
long enough to get a good burst at that range,
he should try to bracket the best range.

Since most combat-deflection shots are less
than approximately 30° angle-off, the pilot
must use the wingspan for target size and for-
get about target length. It should be remem-
bered that, at higher angles-off, the fore-
shortened wingspan does not fill quite so much
of the ring as it does at the dead-astern
position.

Examples of Range Estimation

The average wingspan of single-engine
fighter aircraft is about 35 feet. At firing range,
it equals approximately one-third of the
diameter of the ring of a 100-mil reticle. Two-
engine fighters having a wingspan of 50 feet
fill about half diameter of the ring at open-fire
range.

Aircraft with a 75-foot wingspan fill about
three-fourths of the diameter of the ring of the
100-mil reticle when they are in range.

Aircraft with a 100-foot wingspan are in
range when they fill the entire ring of the 100-
mil reticle.

The pilot should know the wingspans of the
types of aircraft he is likely to encounter and
visualize the amount of the fixed ring they will
fill at the correct firing range. In combat, the
fighter pilot does not have time for intricate
calculations. Therefore, he should memorize
sight pictures for expected targets before
takeoff. It should be remembered that these
sight pictures are for maximum range. Better
hits can be made at shorter ranges.

The standard 6- by 30-foot towed target at

1,200 feet equals three-fourths of the radius
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of a 100-mil sight at 90° angle-off. Since the
target foreshortens as the angle-off decreases,
it fills just over half of the radius at 45° angle-
off and a third at 30° angle-off. All of these
sight pictures are computed at the 1,200-foot
maximum rauge limit.

Deflection Allowance

Another step in determining sight pictures
using the fixed sight is estimating the amount
of deflection. If the target is moving directly
toward or away from the pilot, there is no
deflection problem. All that is necessary is to
aim straight at the target, fly smoothly, and
open fire when within range.
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However, most aerial shooting requires
deflection allowance, unless the attack is made
with complete surprise and there is no op-
portunity for evasive action by the target.
Whether the necessary deflection is large or
small, the exact amount must be allowed. If
the pilot is not dead astern, pointblank aim
may result in misses. The following informa-
tion will be useful in estimating deflection
allowance.

Lead Value of a Fixed Sight

The lead value of a fixed optical gun sight
is based on the assumption of a certain average
bullet velocity and on the speed of the target
crossing the line of sight at 90°. This lead
value is for all practical purposes independent
of range. That is because, as the size value of
the ring increases with range, the necessary
increase in lead is thereby compensated for.
The radii of lead for any one angle-off is the
same regardless of range if the range the bullet
is to cover is such that the bullet velocity re-
mains fairly constant. The formula for de-
termining lead value in mils is:

Lead in mils =
target speed (ft. /sec.) Xsine of angle-off x1,000

average bullet velocity

For the purpose of explaining the procedure
in determining the lead value of a fixed optical
sight for a 90° angle-off, the following condi-
tions are assumed: speed of firing aircraft,
350 IAS; target speed, 200 IAS; altitude,
15,000 feet; range, 1,000 feet. The procedure
is as follows:

1. Convert the indicated airspeed (IAS)
of the fighter aircraft and the target to true
airspeed (TAS) by increasing the IAS by 27,
per 1,000 feet of altitude:

a. Fighter speed:
350 %309, =106
350+105 =455 TAS
b. Target speed:
200x 309, =60
200+60 =260 TAS

2. Convert miles per hour to feet per
second by multiplying miles per hour by 1.47.

3. To find the average bullet velocity for
a given range, refer to a ballistic table for the
type of ammunition used and ascertain the
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time of flight of the bullet for a given range.
For example, for AP M2 ammunition, for a
1,000-foot range, the tables give a figure of
0.31 second (this figure includes correction for
altitude and aircraft speed). Next, divide the
distance the bullet travels by the time of flight
to obtain the average velocity for that range:

0.31 =time of flight

1,000 feet =distance traveled

1,000+0.31 =3,225 feet

(average bullet velocity).
4. In the formula substitute:

.. 382x1%1,000=118.4

Lead in mils = 3.9

The required lead in mils for a 90° deflection
shot under the above conditions would be
118.4 mils. Dividing the number of mils of
lead by the number of mils of the radius of the
reticle ring gives the radii lead necessary. For
a 100-mil reticle ring size, the radii of lead for
118.4 mil lead would be 114 -2.36. For a 70-
mil reticle ring, the radii of lead would be
118.4
35 =3.38.

Up to this point the discussion has dealt
mainly with 90° deflection. The necessary de-
flection decreases as the angle-off decreases,
becoming zero when the firing aircraft is dead
astern of the target.

The amount of lead required for angles-off
which are less than 9(°, using the same con-
ditions that were used to determine the 90°
angle-off lead, is the same as the sine of the
lesser angle-off. To find the proper lead for
angles-off less than 90°, multiply the lead
needed for the 90° angle-off by the sine of each
of the lesser angles.

The above figures are obtained by first
finding the necessary lead for the 90° angle-off
and then other angles-off for one set of con-
ditions, that is, one attacking speed, one type
of ammunition, one altitude, and one target
speed. These figures are obtained without con-
sideration of angle-of-attack errors.

Before you go up to fire at a target, create a
mental sight picture of how you will vary the
lead as you turn with the target. This sight
picture should include range estimation, that
is, the comparative sizes of the ring and the
target.




Radii Lead

Angle-off Sine | Mils Lead | 100-Mil | 70-Mil
90° 1. 118.4 2.36 3.38
80° 9848  116.6 232 333
70° 9397 111.2 22 32
60° .8660  102.5 2. 3.
50° 7660  90.6 1.8 258
40° 6428 761 13 217
30° 5000  54.2 1.16 1.54
20° .3420 40.4 8 115
10° 1736 2.5 4 5

5° .0872 10.3 2 3
Sines

It is not easy to recognize various angles-
off, and learning to do so requires much prac-
tice. However, quick recognition of angles-off
is essential.

The foregoing applies only to the fixed
sight, as the computing sight has no lead value.

Alinement

The comparatively narrow width of aerial
targets in deflection shooting makes alinement
of the pipper with the target very important.
At normal firing ranges, target widths are
usually approximately 6 mils, and a high de-
gree of skill is required to hold the pipper with-
in this area. Attaining a high degree of skill
requires much practice in flying the sight.
Practice coordinated turns at various rates,
flying the sight exactly along the horizon until
you attain precise control of the sight.

Sometimes a target does not go in the direc-
tion of its longitudinal axis. You must train
yourself to recognize the true line of flight. An
accurate estimate of target speed indicates
flight direction. For example, aircraft fly nose
down at high speeds and nose-high at slow
speeds. Observation of target movement
against the background also helps you to
estimate the true line of flight. You can do this
by focusing on the sight with the target off
the center of vision. You should be line-of-
flight conscious and practice estimating it at
every opportunity in the air and on the ground.
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With a computing sight, alinement is little
cause for error because the pipper is placed
directly on the target, but holding the pipper
on the target during the process of tracking
becomes vital.

FIGHTER WEAPON SYSTEM FRAMEWORK

The fighter weapon system is the total air
effort required to shoot down the target. It
consists of the pilot, the aircraft, the gunsight,
and the weapon. Weapon systems follow the
same general pattern of operation.

The general system consists of seven basic
elements. These are the comparator, pilot,
aircraft, computer, range generator, summer,
and weapon. These elements are shown in the
illustration below.

The system operates to point the weapon in
the direction to hit the target. The comparator
indicates to the pilot which direction the air-
craft should follow, and the pilot then flies the
aircraft along that direction. The computer
generates the prediction necessary, basing it
on the direction that the aircraft is flying and
using the range information. The computer
provides continuous correction information to
the pilot. This is the general pattern of opera-
tion, independent of mechanization.

Fighter Weapon Systems
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The first fire control systems were those used
in World War I. Mechanically they consisted
of a pilot, an aircraft with its weapon, and a
fixed reference mark. In this system the pilot
fulfilled many of the functions in the fighter
weapon system. He flew the aircraft and from
the motion of his own aircraft and the motion
of the target, and by estimating his range, he
computed a prediction for his aircraft. He then
flew the aircraft and brought his fixed reference
ahead of the target enough to score hits.

Today’s most complicated fighter weapon
systems have relieved the pilot of many of
those functions and have made the compu-
tation of the prediction much more accurate.
In the case of both the K-14 type and the A-1
type of gunsight, they now serve as the com-
puter, comparator, and summer. Radar serves
as the method of measuring the range. For a
fighter weapon system employing a computing
gunsight, the pilot need not compute his pre-
diction but instead depends on the gunsight
to furnish this information. In the case of the
A-series gun-bomb-rocket sights employed on
the AN/APG-30 radar, the computer, range,
summer, and comparator portions of fighter
weapon systems are mechanically present.

The gunsights are discussed in detail later
in this chapter, and it can be seen how they
fit into the general weapon systems.

GENERAL INFORMATION
ON COMPUTING SYSTEMS

The main disadvantage of firing with fixed
sights (ring-and-bead and early optical sights)
was the great amount of experience and train-
ing required for a pilot to learn to fire them
effectively. A sighting system that would
automatically compute the required lead for
the pilot was needed. Such a sight would re-
duce the amount of training necessary to teach
a new pilot to fire accurately and would im-
prove the accuracy of the more experienced
pilots.

Engineers came up with the idea of attach-
ing gyroscopes to sights, then controlling the
gyro movement, to allow it to compute the
required lead to hit a target. Shortly before
the end of World War II, computing sights
began to appear in our aircraft. In the de-
velopment, an attempt was made to attach
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gyroscopes to the optical sights then in use,
but little success accompanied the effort.

The K-14 was the first computing gunsight
used extensively by the Air Force. It was
designed from the beginning to be a comput-
ing sight and was the first that produced
satisfactory results. If ranged properly, the
K-14 automatically computed the lead re-
quirement for the motion of the target.

Any gyro sight will compute the trajectory
shift component of the prediction problem if
it is properly calibrated, and if the proper
range information is fed into the sight at all
times throughout the pursuit curve. K-14
sights that were accurately calibrated auto-
matically calculated the trajectory shift for
the pilot in addition to the target motion lead.
However, for the sight to do this, it was
necessary for the pilot to supply accurate
range information to the sight continuously.
In addition, pilots had to estimate the lead
requirement for gravity drop which is always
present and acting upon a projectile in flight.

Later computing sights, the A-1 and A-4,
went further in solving the prediction prob-
lem by including corrections for gravity drop
and air density in addition to trajectory shift
and lead for target motion. These sights sim-
plify the lead problem to such an extent,
that it is merely necessary for the pilot to
smoothly keep the pipper on the target and
then fire when in effective range to obtain
hits.

Theory of Computing Gunsights

All computing sights may be classified into
two general groups.

a. K-series sights contain only one gyro
in their computing systems, (K-14, K-13,
K-15, K-18, and K-19).

b. A-series sights contain two or more
gyros in their computing systems (A-1, A-4,
A-5).

In each of the above groups, the gyroscopes
are utilized somewhat differently; that is,
different properties of the gyros are used in
each. Gyroscopes have two properties that
may be used in computing sights: rigidity in
space, and precession.

Rigidity in space is the property of a gyro
that causes it to maintain its orientation in




space. All K-series gunsights utilize this
principle of the gyroscopes. A gyro mounting
is referred to as a gimbal. In order for a gyro
to exercise the principle of rigidity in space,
it must be mounted on a universal gimbal.
The gimbal provides complete freedom of
movement for the gyro in relation to the
unit within which the gyro is housed. It
allows the unit housing of the gyro to move
all around the gyro without affecting the
gyro position in space.

Precession is basically defined as a change
in the plane of rotation of the gyroscope.
It is the gyroscopic principle utilized by all
A-series gunsights. If a torque is applied to a
gyroscope, the gyro will precess in response
to the torque, resulting in changing the plane
of rotation of the gyro. The gyro will resist
angular movement in the plane of the torque,

but instead will precess or move in a plane

at right angles to the original torque. In
other words, when a force is applied to a gyro,
the reaction to that force will be 90° in the
direction of rotation of the gyro from the
original force, and the gyro will change its
plane of rotation as though the original force
were applied at that position. The gyro is
mounted on a single-plane-of-freedom gim-
bal, not the universal gimbal which allows
freedom of movement in all directions.

In all cases, the gyroscopes are controlled,
to produce the desired lead for the varied
conditions. Certain facts are necessary in
computing any lead problem. The essential
information must be put into the sight com-
puters and applied to the gyros, modifying
their movement in such a manner as to cause
the gyros to compute the proper lead require-
ment for us.

All computing sights need two main in-
puts of information: target range information
and target motion information.

Target range information is fed into the
gights either automatically by radar, or by
stadiametric ranging accomplished manually
by the pilot.

The radar measures the range to a target
by measuring the time required for a radio
impulse to travel to the target and back
again. The time information is translated into
an electrical signal that is a measurement of
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the range. When the range is long, the elec-
trical signal is slight. As range decreases, the
signal becomes greater. This electrical signal
is transmitted into the sight as range informa-
tion. It is this current that is applied to the
gyro and modifies its action for varying tar-
get ranges.

Stadiametric ranging (manual ranging) is
the responsibility of the pilot. In this method,
the pilot has direct control over the size of
the reticle, and he can vary the reticle size
however he desires. Normally, he controls
the reticle size by twisting the throttle grip
which in turn is connected either mechanically
or electrically with the mechanism that con-
trols the reticle size.

The pilot’s job is to adjust the reticle ring
8o that its diameter will have the same appar-
ent size as the wingspan of the target aircraft.
If the target is at close range, the ring will
have to be large to span the wings of the tar-
get. As range increases the target will seem
to become smaller, and the reticle must be
decreased in size to keep the wings spanned.

As with radar, this process also controls
an electrical signal that is transmitted into
the sight to control the gyro with range in-
formation. If the reticle is large, a large elec-
trical signal is sent into the sight; as the
reticle size decreases with increasing range,
the signal becomes smaller. In this method,
it is necessary for the pilot to adjust the basic
diameter of the reticle to conform to the wing-
span of the target aircraft. He must set that
wingspan information into the sight before
attempting to manually range the target.
This properly calibrates the manual ranging
system for the particular target selected.
Otherwise, the range information to the sight
will be inaccurate.

Target motion information is transmitted
into the sight by the tracking process in
conjunction with the-proper range informa-
tion being fed into the sight. If a pilot tracks
a target traveling 200 mph at a given range,
he must turn his aircraft at a certain rate. For
a target traveling twice as fast, he will have
to turn his aircraft twice as fast in order to
keep the pipper on the target. The angular
velocity of the tracking aircraft, that is, the
degrees per second through which it turns,
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is directly proportional to the target speed.
The angular velocity of the tracking aircraft
is a representation of the target motion. It is
this angular velocity information that is
fed into the sights and to the gyros. This turn-
ing motion of the aircraft results in the gyro
being offset from their normal alinement within
the aircraft. The amount that they are offset
depends upon the range information fed into
the sight.

The two inputs are combined in the sight.
The electrical signal representing range in-
formation is used to control or restrain the
gyro action. The larger the current the greater
the restraint applied to the gyro movements.
Therefore, short ranges represented by large
currents result in the greatest amount of
restraint upon the gyro action. Longer ranges
and smaller currents exert the least control
upon the gyros.

As the aircraft turns while tracking a target,
the gyro is offset from its normal alinement
within the airframe. The amount that it is
offset depends upon the range information
received. The range information limits the
amount that the gyro is offset by applying
restraint to retain the gyro in its normal

GYRO M(

FXED

alinement. The greater the restraint upon the
gyro, the less it will be displaced, and the
smaller the lead computed. This is logical
since at close ranges, resulting in maximum
restraint, the lead required is small. At longer
ranges where a greater amount of lead is re-
quired, less restraint is applied to the gyro
movement permitting them to compute the
larger lead requirement. Therefore, assum-
ing the sight is properly calibrated when the
two inputs of range and target motion are
combined, the gyro will be offset the proper
amount representing the correct lead to hit
the target.

K-14 SIGHT

The K-14 is a single-gyro sight designed to
compute automatically the correct lead to
hit an airborne target with fixed guns from a
fighter aircraft. This sight is really two sights
in one. One is a computing sight and the other
is a noncomputing, or fixed, sight. The only
difference between the fixed sight of the K-14
and the earlier fixed sights is a large cross that

replaces the pipper. The fixed sight provides

a means of harmonization and maintenance
checks. It may be used as a standby if the

(NOB
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K-14 Sight
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Schematic Drawing of K-14 Sight Installation

BLifEc

GYRO SIGHT
Compensates for Velocity of Target Aircraft, Velocity Effect on
Bullet, and Apparent Size of Target Aircraft (Range) When
the Pilet Swings His Aircraft in “Tracking”, the Gyro Dome and
Gyro Mirror Lag the Necessory Amount to Correct the Lead.
The Resuitant Angle of the Gyro Mirror Determines the Exact Dis-
tance the Movable Reticle Image Appears Behind the Gun Bore

wWITeIn 18 wwInI WIIwn muIv—

matically as Pilot Finds the
Correct Range

Fixed and Gyro Sight
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Schematic Drawing of K-14 Sight

computing sight is inoperative. The range of
the sight is 600 to 2,400 feet.

The K-14 installation package consists of
a sight head, complete with selector-dimmer,
voltage regulator, radio noise suppressor, plug
package, mounting bracket, and spare lamp
package. The twist-grip drive cable for the
range drum and the spare lamp holder are
furnished by the aircraft manufacturer. The
controls operated by the pilot are the selector-
dimmer, span setting knob, and twist grip.
The controls and components of the sight are
shown in the preceding illustrations.

Movable Reticles
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Optical Sight Paths

The reticle images are light patterns pro-
duced by lamps mounted in line with per-
forated metal reticles. The light images of
the reticle patterns are projected onto the
two mirrors of the gyroscopic unit and are
reflected by them to a front mirror. The front
mirror in turn reflects both images through
twin collimating lenses to an inclined com-
bining glass and from these to the pilot.

Lamps

Each of the sighting systems is illuminated
by a 12-watt, 22-volt lamp. The lamps are
located in a chamber behind the lamp cover
on the front of the sight head.

Movable Reticles

Two superimposed reticle disks form the
reticle image of the right sighting system.
The front reticle design consists of a central
round perforation and six radial straight per-
forations. The rear reticle design consists of
a central round perforation and six radial
curved perforations. The intersection of the
straight and curved perforations forms the
reticle image for the right eye — a circle of
diamond-shaped dots. The circle can be
varied in diameter by rotating either element.

The front disk is rotated by operating the
span control knob, located on the front of the
sight unit. This sets the position of the front



disk to give in feet a circle diameter propor-
tional to the known wingspan of the target
aircraft. The rear disk is geared to the range
drum on the left side of the housing. A range
drive-cable system enables the pilot to rotate
the rear reticle disk and thus to adjust the
diameter of the reticle image to frame the
target and automatically set the range into
the sight.

Fixed Reticle

The fixed reticle image of the left sighting
system is formed by a single fixed reticle,
perforated to form a 71.12-mil circle, and a
small centrally located cross. This is commonly
called the 70-mil reticle. The reticle image also
includes diagonal and horizontal lines and a
small dot which lies below the cross. A mask,
with a small hole in its center, is provided
to blank out all of the fixed reticle pattern
with the exception of the cross. The mask is
operated by a lever on the left side of the
sight unit.

A later type of reticle of the fixed sight has
an image pattern, consisting of a centrally
located hole with the cross slightly above it.
Two diagonal slots, one to each side of the
cross and dot, form an open ‘‘V’’ below the cen-
ter hole. In line with and below the cross are
two horizontal slots 30 and 40 mils from the
center of the cross. Near the bottom of the
reticle is a four-segment arc, 101 mils in
diameter. This is commonly called the 100-
mil reticle.

Fixed Reticle Pattern, K-14 Sight,
Diameter 71.12 Mils
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Gyroscopic Mirror and Fixed Mirror

Light passing through the reticle is pro-
jected to the revolving gvroscopic mirror,
which reflects it to the right side of the front
mirror. Light passing through the left reticle
is projected to a fixed mirror on the back
plate, from which it is a four-segment arc,
100 mils in diameter.

Rectangular Mirror

The rectangular (front) mirror is aluminized
on its front surface. It extends across the sight
housing and is inclined so that it reflects
both sighting patterns through the collimat-
ing lenses to the combining glass.

Lens Assemblies

The collimating lenses are identical. They
are mounted in threaded rings. The lens
assemblies are held in position over the mirror
by the lens bracket.

Combining Glass

The combining glass (sometimes called
reflector plate) is located above the collimat-
ing lenses and is inclined so that it reflects
the reticle images to the pilot’s eyes. The pilot,
sighting the target through the combining
glass, sees the reticle images superimposed
on the field of view. Since the images are
projected to infinity, they appear sharply
defined even when the pilot’s eyes are focused
on distant objects.

Fixed Reticle Pattern, K-14 Sight,
Diameter 100 Mils
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Range Control Mechanism

Span-Control Mechanism

The span-control knob is preset manually
to a figure on the span dial which corresponds
to the dimensional wingspan of the target
aircraft.

The span-control knob is mounted on a
shaft which has a pinion at its opposite end.
The pinion meshes with an intermediate gear
which, in turn, is meshed with the span reticle
gear of the gyroscopic reticle. The basic
diameter of the right reticle pattern is changed
with the span-control knob in accordance
with the wingspan of the target aircraft.

Range Control Mechanism

The range drive cable connects the twist
grip to the range drum. The range drum is
mounted on a shaft which, through a clutch
and gear assembly, drives the range disk of
the gyroscopic reticle. As light can pass
only through that portion of the two super-
imposed reticle disks where their perforated
straight and curved radial lines intersect,
the resulting image is a circular formation of
six diamond-shaped dots. As either reticle ro-
tates over the other, the diamond-shaped dots
move in or out, providing a variable-diameter
circle.

The pilot maintains correct range by keep-
ing the target frames within the circle of the
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diamond-shaped dots. As the range shortens
and the target appears larger, the circle is
expanded by operation of the twist grip. This
action establishes a stadiametric range finder.
The initial span setting must be set into the
sight with the span lever. The six diamond-
shaped dots must be adjusted by the pilot’s
operation of the throttle twist grip so that
they exactly encircle the target aircraft.
The range of the target can then be read di-
rectly from the range drum.

The basic diameter of the circle formed by
the centers of the diamond-shaped dots is
preset with the span-control knob. This
diameter is then varied in accordance with
the range of the target.

The gyroscopic reticle is not designed to
accommodate, to the minimum range, a target
which nears the maximum in span. For
example, if the target has a span of 120 feet,
the circle of diamond-shaped dots will reach
its maximum diameter at a range of about
900 feet. From 900 feet down to 600 feet
(minimum range) the diameter does not
change, although the range drum can be
turned and the electrical control units func-
tion in accordance with the shorter range.

An override spring, which carries the torque
of the drive through the clutch assembly,
permits continued rotation of the range drum
after the reticle pattern has been expanded
to its maximum diameter. A scale in feet is
provided on the range drum for reference.

The range dial is provided with two scales,
one in feet and the other in yards. The yard
scale is calibrated 2-3-4-5-6-7-8, whereas the
foot scale is calibrated 6-10-15-24. A double
zero (00) is assumed after each numeral since
the scales are in hundreds of yards and feet.

The range unit also incorporates a resistor,
which is varied in value as the range drum
is turned for a greater or lesser range. This
varies the current fed to the range coils in
the gyroscopic unit.

Labyrinth

The air inlet port near the bottom of the
sight case is connected with the silica gel cell
by means of a labyrinth and a connecting
tube. The labyrinth provides a long, tortuous
path of small diameter for the air that enters



or leaves the sight case through the gel cell.
The purpose of the labyrinth and the gel cell
is to prevent an excessive amount of moisture
from entering the sight head.

Gyroscope and Housing

The gyroscope assembly consists of a ro-
tating mirror, mirror holder, coupling, stem,
and aluminum dome. This assembly is driven
by the motor through a spring belt and is
mounted on a universal joint turning on a
ball bearing. Located directly in front of the
gyroscope mirror is a rubber-lined bumper
assembly. The bumper assembly limits the
angular displacement of the gyroscope. Fas-
" tened to the gyroscope housing, surrounding
the gyroscope dome, and located so that the
desired electrical effects may be obtained, are
the elevation, gravity, azimuth, and range
coils. The range coils are the only coils normal-
ly used on the sight. In some installations,
however, the elevation coils or azimuth coils
are used. The pole pieces of all the coils are al-
ways used as part of the magnetic circuit.

Gyroscope Motor

The motor is a series-wound direct-current
type. A centrifugal governor speed control is
used to maintain a constant speed of 5,200
(plus or minus 200) rpm. A pulley for driving
the gyroscope is provided on the governor
end of the armature.

Silica Gel Cell

All air entering the sight head travels
through a replaceable cell containing silica gel.
The silica gel absorbs moisture from the air
and thus prevents condensation on the optical
surfaces and retards corrosion of aluminized
mirror surfaces and metal parts. The cell,
formed of transparent plastic so that the con-
dition of the silica gel can be readily checked
visually, is mounted on the gyroscope unit
immediately above the gyroscope drive motor.

Fixed Mirror

The fixed mirror is mounted on the fixed-
mirror assembly directly in front of the gyro-
scope motor. The mirror is adjustable during
harmonization by the use of the two adjust-
able ratchet-head screws, which are locked
in place by clicker springs.
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Electrical Connections

Fastened directly to the mechanism plate
is a triple-blade contact assembly and a seven-
terminal block. The contact assembly makes
the electrical connection to the sight unit
when the mechanism plate is assembled to
the back of the sight unit. The terminal
block is used as a convenient means of mak-
ing electrical connections in the assembly.
A 10-conductor shielded cable enters through
the back of the mechanism plate and is used
to make the necessary electrical connections
to the complete sight-head assembly. Fas-
tened to the conductors on the external end
of the cable is a 10-pin female socket, which
is used to make the electrical connections to
the other units.

Sight-Head Mount

A differential-toothed adjusting ring in-
corporated in the mounting bracket provides
a means of alining the sight within 1.778 mils
of the mark on the boresight target.

Selector-Dimmer Unit

The selector-dimmer unit consists of a
selector switch, rheostat, circuit breaker, and
four fixed resistors.

The selector switch is connected to the
circuit in such a manner as to permit selection
of any one of the three operating conditions:
FIXED, FIXED AND GYRO, and GYRO.
The three operating positions are marked
as indicated above. The switch has a detent
mechanism to prevent accidental displace-.
ment of the settings.

The rheostat varies the illumination of both
the fixed and the moving reticles of the sight.
Clockwise rotation of the control knob in-
creases the illumination, and counterclockwise
rotation decreases the illumination. Arrows
marked BRIGHT and DIM indicate the
proper direction of the rotation.

Fixed Resistors

The two 69-ohm resistors limit the maxi-
mum current to the range and eltvation coils
in the sight head. The two 50-ohm resistors,
which are connected in parallel to give an
effective resistance of 25 ohms, are in use
when the selector switch is moved from
FIXED AND GYRO to GYRO or to FIXED.
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Yoltage
Regulator

These resistors replace the resistance taken
out of the lamp circuits when either lamp is
disconnected to prevent voltage variations
which would cause changes in illumination
at the other reticle.

Voltage Regulator

The voltage regulator is the carbon-pile
type, designed to maintain the voltage sup-
plied to the sight at 22 volts, plus or minus
0.5 volt. The input voltage to the regulator
must be between 24 and 29 volts.

Voltage control is obtained through a car-
bon pile (stack of carbon disks) which changes
its resistance by change in pressure of the
armature contact plug against the carbon
pile. When there is light pressure on the
pile, the disks tend to separate and reduce
the area of contact between them. This separa-
tion causes the pile resistance to increase. An
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increase of pressure on the carbon pile in-
creases the contact area between disks, thus
reducing the pile resistance. The compression
force on the carbon pile is transmitted by the
armature core plug and depends on the differ-
ence between the force of the magnet coil
and the opposing force exerted by the leaf
springs. A bimetal, leaf-spring support com-
pensates for minor temperature variations.
Resistors in the base compensate for major
temperature variations.

Radio Noise Suppressor

The radio noise suppressor, which consists
of a capacitive network, is so designed and
located in the power supply system that it
effectively filters (traps) any interference that
may be introduced into the aircraft’s radio
receiver as a result of the making and break-
ing of electrical circuits. The gyroscope motor
is the main source of radio interference.

Radio
Noise
Suppressor
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Sight Picture

The pilot observes two images reflected on
a reflector plate, one a computing sight reticle
and the other a fixed sight reticle. The reticle
of the gyroscopic sight consists of six diamond-
shaped dots with a pipper in the middle. These
diamond-shaped dots form an imaginary
circle along the inner points. This circle can
be varied in diameter. It is necessary to span
the target properly with this imaginary circle.
The fixed sight of early models has a 71.12-
mil ring and the fixed sight of late models
has a 101-mil ring. The 71.12-mil and 101-
mil rings are commonly called 70-mil and
100-mil rings and hereafter will be referred
to as such in this manual. Both rings have a
cross in the center, which eliminates any
doubt as to which pipper is to be placed on
the target aircraft.

By closing the right eye and looking at the
reflector plate with the left, the gunner sees
the fixed ring. Reversing the process and look-
ing only with the right eye, he sees the six
diamond-shaped dots. Using both eyes, he
sees the two images superimposed as shown
in the next two illustrations.

Principles of Operation

The pilot views the area directly ahead of
his aircraft through the combining glass of the
sight head as he is tracking the target. The
movable and fixed reticle images seen in the

Compvuting Lead, Target from Right
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Fixed and Computing Reticles Super-
imposed at Infinity
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combining glass are focused at infinity by
means of the collimating lenses. Because the
lenses are focused very accurately, parallax
is reduced to a minimum to allow motion of
the pilot’s head without any apparent shift
between the position of the target and the
position of the reticle image.

The image of the movable reticle is not
fixed in space as is the fixed-sight image. Its
position is controlled by the action of the
gyroscope, which computes the necessary
lead. The range is determined by setting in
the wingspan of the target and adjusting the
size of the imaginary circle formed by the
inner points of the six diamond-shaped dots
to frame the target. When this is done, the
reticle image is shifted the proper amount
to provide the correct lead.

SiGHT HEAD. In operation, the gyroscope
unit, together with the sight and the associated
equipment, makes the necessary corrections
so that the angle between the axis of the gun
bore and the line of sight equals the correct
lead. The position of the movable reticle image
is gyroscopically and electrically determined
by the gyroscope unit as follows:

The gyroscope assembly is spun by the
small, direct-current motor at approximately
2,830 rpm. The assembly, which includes the
mirror, stem, and dome, is mounted on the
universal joint and has the characteristics of
a gyroscope. The assembly is shown in the
illustration on the next page.

When the aircraft turns, as in tracking a
target, the gyroscope (mirror, stem, and dome
operate as one) tends to maintain a fixed
plane of rotation, and the angle between the
axis of the gyroscope and the flight path
changes accordingly. This change of angle
is restrained electrically by means of the coils
in the coil housing.

The electrical force is used to control the
position of the gyroscope mirror and thus
determine the position of the movable reticle
image.

The gyroscope dome is located so that it
spins between the range coils and cuts the
magnetic field created by the two coils. Small
currents, known as eddy currents, flow in
the spinning dome in such a way as to pro-



FRICTIC
GOVEI

CURRENT
SELECTOR

AFM 335-25 FEB 1956

JP A MAGNETIC
NGTH IN WHICH
/PENDED.

JOME AND
AIRROR
DICTATED BY
GNETIC FIELD
DRRECT LEAD.

'RING BELT
RIVES GYRO

COILS ARE NOT
ED IN THE K-14
‘OlL POLES ARE
SIGHT CALIBRA

IGHT BULBS
NCLE IMAGES)

Gyro Function

duce an induced magnetic field which opposes
the original ‘magnetic field produced by the
range coils. The field produced by the cur-
rents flowing in the spinning dome tends to
oppose the displacement of the gyroscope
axis from center. The position of these mag-
netic fields, which act as drag forces acting
on the dome, is uniform from the center of
the dome to the outer edge when the dome is
spinning in the center of the magnetic field
produced by the range coils. When the air-
craft is in straight-and-level flight, the drag
forces hold the gyroscope in its neutral posi-
tion and the movable reticle image remains
centered with respect to the fixed reticle
image.

There are two main factors which determine
the angle by which the gunbore axis leads the
sight line. They are the range of the target
and the angular tracking rate. Angular track-
ing rate is proportional to target speed, at-
tacking speed, and velocity.

When the target is framed, the amount of
current that flows in the range coils for the
particular range determines the strength of
the magnetic field produced by the range
coils. When the aircraft is turned to follow
the target, the gyroscope assembly, including
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the gyroscope mirror, tends to remain fixed
in space while the aircraft and sight housing
rotate about the gyroscope. The range coils,
which are secured to the sight housing, also
shift their position relative to the spinning
dome. The forces set up by the magnetic field
of the range coils are no longer central with
respect to the dome. Therefore, the dome im-
mediately tends to precess toward the new
location of the magnetic center where the
forces are again equal.

If the aircraft continues to turn, however,
drag forces set up in the spinning dome can-
not precess the gyroscope assembly to the
central position. Consequently, the gyroscope
assembly assumes a certain angular position
with respect to the flight path of the aircraft.
This angular position remains constant as
long as the rate of turn of the aircraft and
the rate at which the gyroscope is being pre-
cessed toward the magnetic center are equal.
The angular displacement of the gyroscope
mirror relative to the flight path of the air-
craft determines the position of the movable
reticle image with respect to the central posi-
tion, and this determines the angle that the
gun-bore axis assumes with relation to the
line of sight.
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Selector Dimmer

Operating Instructions

The selector-dimmer controls should be
set before flight to the position normally used.

Before starting the aircraft engine, place
the switches of the sight in operating position,
the gun switch at CAMERA AND SIGHT,
and the selector switch at FIXED AND
GYRO or GYRO. Before landing, place the
gun switch at the CAMERA AND SIGHT
position. Do not turn the sight off until the
aircraft is landed and the engine is turned
off. The reason for these procedures is that
engine vibration and landing shocks may dam-
age gyroscope pivots if the unit is not operat-
ing. :

Adapter for K-14 Sight

Although the K-14C-series sight with its
adjustable single-plate reflector provides many
depressed sight settings for rocket fire, there
still éxists the need for a depressed sight setting
for bombing, leaving the normal bore-sight-
setting reticle image undisturbed. A simple
method for providing this depressed sighting
is to use an additional reflector plate from a
discarded sight and construct a variable
adapter from duralumin, as shown in the
illustration below.
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After the reflector plate has been carefully
inserted into the adapter and bolted securely
in place, attach the entire assembly to the
gunsight, in the position provided for the
sun filter, in the following manner:

1. Fit the female lugs of the adapter
over the male lugs on the top forward sight
of the sight.

2. Fasten into place with two 34-inch
long bolts.

3. Move the variable reflector plate down
into position above the original reflector
plate, the elliptical spacer arms of the adapter
being allowed to slide over the lower two of
the four small threaded holes on the side of
the sight head.

4. Lock the spacer arms in place with two
of the small screws that were removed in
the disassembly of the sun filter.

Flight Tests of Sight
TEST ONE — 70-MIL RETICLE.

1. After the sight has warmed up for a
minimum of 15 minutes, set the selector at
FIXED AND GYRO, move the fixed reticle
mask lever up, and set the range at 2,400
feet (the smallest reticle diameter). The super-
imposed reticles are shown below.

2. Establish a steady turn at a rate which
will deflect the pipper of the moving reticle
to the circumference of the fixed reticle ring,
that is a 35-mil deflection, as shown in the
illustration on the next page.

3. Holding this rate of turn constant, note
the time indicated by the second hand of the
clock when the directional gyro passes 0°.

4. Maintain a constant rate of turn by

Superimposed Fixed and Computing Reticles



keeping the pipper on the ring with a 35-mil
deflection for 60 seconds.

5. Note the position of the directional
gyro after 60 seconds have elapsed.

6. Repeat the foregoing steps for a turn
in the opposite direction.

The correct amount of turn should be 130°
plus or minus 10°. If it is not, misalinement
of the reticle is probable. If the amount of
turn is greater than 140° and a check of the
wiring circuits does not reveal any fault, the
gyro pivot friction is probably too high and
the sight should be turned in to a depot for
repair. If the amount of turn is less than 120°,
the electrical circuits should be carefully
checked to see that the proper resistances
are in the range circuit. If no improper resist-
ances are found and the amount of the turn
is too small, the sight should be turned in to
a depot for repair.

TEST TWO — 70-MIL RETICLE.

1. After the sight was warmed up for a
minimum of 15 minutes, set the selector at
FIXED AND GYRO, move the fixed reticle
mask lever up, and set the range at 1,000
feet.

2. Establish a steady turn at a rate which
will deflect the pipper of the moving reticle
to the circumference of the fixed reticle ring,
that is, a 35-mil deflection.

3. Holding this rate of turn constant, note
the time indicated by the second hand of the
clock when the pipper passes through some
prominent point on the horizon.

4. Maintain a constant rate of turn by
keeping the pipper on the ring with a 35-mil
deflection until the pipper has again passed
through the same point, indicating a 360°
turn and check the time at the instant it
passes through the point.

5. Repeat the foregoing steps for a turn
in the opposite direction.

The correct amount of time to complete
the turn should be 60 seconds, plus or minus
5 seconds. If it is not, misalinement of the
reticle is probable. If the amount of time re-
quired for the turn is less than 55 seconds, the
sight is underleading. If the time required is
longer than 65 seconds, the sight is over-
leading. If the amount of time is greater than
65 seconds and a check of the wiring circuits
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70-Mil Sight Check

does not reveal any fault, the gyro pivot fric-
tion is probably too high and the sight should
be turned in to a depot for repair. If the
amount of time is less than 55 seconds, the
electrical circuits should be carefully checked
to see that the proper resistances are in the
range circuit. If no improper resistances are
found and the amount of time is too small,
the sight should be turned in to a depot for
repair.

TEST THREE — 100-MIL RETICLE.

1. After the sight has warmed up for 15
minutes, set the selector at FIXED AND
GYRO, move the fixed reticle mask lever up,
and set the range at 1,400 feet.

2. Establish a steady turn at a rate which
will deflect the pipper of the moving reticle
to the circumference of the ring, that is, a
50-mil deflection. This is shown below.

100-Mil Sight Check
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K-18 Sight
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3. Holding this rate of turn constant, note
the time indicated by the second hand of the
clock when the pipper passes through some
prominent point on the horizon.

4. Maintain a constant rate of turn by
keeping the pipper on the ring with a 50-mil
deflection until the pipper has again passed
through the same point, indicating a 360°
turn, and check the time the instant it passes
through the point.

5. Repeat the foregoing steps for a turn
in the opposite direction.

The correct amount of time should be 60
seconds, plus or munus 5 seconds. If it is
not, misalinement of the reticle is probable.
If the amount of time required for the turn
is less than 55 seconds, the sight is under-
leading. If the time required is longer than
65 seconds, the sight is overleading. If the
amount of time is greater than 65 seconds
and a check of the wiring circuits does not
reveal any fault, the gyro pivot friction is
probably too high and the sight should be
turned in to a depot for repair. If the amount
of time is less than 55 seconds, the electrical
circuits should be carefully checked to see
that the proper resistances are in the range
circuit. If no improper resistances are found
and the amount of timing is too small, the
sight should be turned in to a depot for repair.
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K-18 SIGHT -

The K-18 and K-14 computing sights are
similar in construction, operation, and main-
tenance principles. Their primary differences
are in the range-control systems used and the
boresighting methods employed. The K-18
uses an actuated electrical range-control
system; the K-14 uses a mechanical cable
linkage range-control system, which was dis-
cussed earlier in this manual.

The actuated electrical range-control system
of the K-18 consists of an electrical rheostat
in the pilot’s right-engine throttle grip, a radio-
noise filter, a range-control relay, and a small
positioning motor attached to the range drum
on the left side of the sight. These devices
are shown on the preceding page.

Installing Range Control Positioning Motor

1. Remove stud.

2. Insert pin in sheave slot, then adjust
sheave so pin is 45° aft from vertical when
range dial is on “8.”

3. Make sure motor is set at corresponding
full travel (twist grip turned counterclock-
wise). Then position motor over ranging dial.
See that pin on sheave is engaged in motor
drive slot.

4. Secure positioning motor to gun sight
with four screws, and safety.
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K-14C
Sight

K-14C AND K-18A SIGHTS

The K-14C and K-18A sights shown on this
page are modifications of the K-14 and K-18
sights. They are designed to provide variable
settings of the line of sight in the vertical
plane and an additional control of the gyro
field current to permit accurate sighting for
air-to-ground rocket firing. Except for a
variable reflector, a 267-ohm resistor, and a
relay, the K-14C and the K-18A are almost
identical to the K-14.

The selector-dimmer unit of the K-14C con-
tains, in addition to its four fixed resistors, a
267-ohm resistor and a relay.

In addition to the four fixed resistors, a
267-ohm fixed resistor is switched into the
range coil circuit, when the relay is operated
by the pilot’s throttle pushbutton switch, to
decrease the current to the range coil in the
sight head for rocket firing.

The ON-OFF switch has been eliminated
from the K-14 and K-14C installations.

The relay, which is actuated by the pilot’s
pushbutton switch, is used to change the
range coil circuit for rocket firing. The relay
employed in the K-18A sight includes addi-

tional contacts, normally closed, which open
the azimuth coil circuit when the pilot’s
throttle pushbutton switch is closed.

Operation

The K-14C and K-18A sights are identical
in operation to the K-14 and K-18 computing
sights when used in gunfire.

K-18A Sight



The variable reflector assembly which was
added to the sight head, together with a
relay and resistor installed in the selector-
dimmer box, adapts this equipment for ac-
curate air-to-ground rocket firing.

The fixed reticle is the same as in the K-14
sight. It is provided for harmonizing and
maintenance checks but can also be used as a
standby if circumstances require its use.

The controls operated by the pilot when
firing rockets are the variable reflector dial
and a pushbutton switch on the throttle grip.
The selector-dimmer, span-setting knob, and
twist grip are used when the sight is operated
as a gunsight. In this case the variable re-
flector dial must be set to zero.

For all normal conditions, the fixed reticle
should be blanked out by turning the selector-
dimmer switch to GYRO.

GENERAL INFORMATION
ON RADAR SYSTEMS

Radar is a modification of radio but operates
on a much shorter wavelength than ordinary
shortwave radio sets. It was developed during
World War II to detect and locate distant
objects under conditions of poor visibility
with very high precision. The word RADAR
was coined from the words “‘radio detection and
ranging,” and, as the name suggests, radar
can measure the range to objects it detects.

The radar systems in use on fighter aircraft
equipped with computing sights are of two
types: range-only radar systems that supply
only range information, and search-and-track
radar systems that supply information on
both the range and position of the target.
Range-only radar systems are used in fighter
aircraft that normally engage in daylight
missions under conditions of good visibility.
Under these conditions the pilot searches for
targets visually and tracks them with a
reticle image. A search-and-track radar system
is one of the major components of an inter-
ceptor fire control system. Fighter aircraft
that are used under conditions of poor
visibility, including night missions, rely almost
completely on search-and-track radar systems.
Since he cannot see his targets directly, the
pilot must detect and track them from a
radar display oscilloscope.
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The range-only radar system in present use
with the A/1-series gun-bomb-rocket sights is
the AN/APG-30.

Functional Components

The major functional components in a
radar system are the timer, transmitter,
antenna, receiver, range unit, and indicator.

The timer, sometimes known as the syn-
chronizer, the keyer, or the control central,
supplies signals that measure the interval
between the pulse and the echo.

The transmitter generates the radar pulses
and sends them to the antenna.

The antenna takes the radar pulses from the
transmitter and radiates them in a highly
directional beam. In the periods of silence
between pulses, the antenna detects reflected
echo pulses and passes them on to the receiver.

The electrical characteristics and physical
appearance of radar antenna systems vary.
The size of the antenna depends on the
frequency of the radiation used for radar
pulses and the type of antenna installation.
The actual design depends upon the efficiency
and accuracy required.

The receiver receives weak radar pulses
reflected from the target, amplifies them, and
sends them to the range unit.

The range unit compares the original pulse
with the echo, determines the time interval
between the two, and converts this information
into a range signal that can be used by the
automatic computing sight.

The indicator produces a visual representa-
tion of the echo pulses.

An actual radar system may contain several
functional components within one physical
component, or a single function may be per-
formed in several physical components. How-
ever, the arrangement of components does
not alter the operating principles of the set.

Principles of Operation

Radar pulses are transmitted in short, very
intense bursts or pulses of energy with a
relatively long interval between pulses. These
pulses leave the radar antenna in a tight beam.
The purpose of the highly directional beam is
to permit a target to be located accurately and
to distinguish between targets that are close
together.
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Cone of Observation

To make the radar antenna respond to
targets in an area larger than that covered
by the radar beam, the radar antenna has a
feature called conical scan. The radar antenna
dish spins at a rate depending on the par-
ticular antenna design. The radiating-receiv-
ing element of the antenna is so designed that
the source of radiation is slightly off center.
As the dish rotates and produces the conical
scan, the radar beam swings out a cone in
space, as shown in the illustration above. This
cone is called the cone of observation.

In range-only radar systems, the antenna
assembly is usually mounted in a fixed
position, in the direction of the gun line.

Search Area of a Search-and-Track Radar
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In search-and-track radar systems the area
that the radar system can search is made
larger than the cone of observation by having
the antenna assembly so mounted that it can
turn away from the gun line. During search,
the antenna assembly turns through a fixed
pattern, searching for targets through a large,
rectangular, solid angle in front of the air-
craft, as shown below.

The antenna completes its search pattern 10
to 20 times a minute. When the radar has
locked on a target, the movable antenna
allows the search-and-track radar to track
the target. The antenna turns until the target
lies on the centerline of the cone of observation.
It is possible to use the conical scan feature
of the radiating-receiving element to locate
targets very accurately.

A small fraction of the energy in a radar
pulse sent out by the antenna will strike a
target within the radar field of scan and return
as an echo to the radar receiver. During the
interval between pulses, when the antenna is
not radiating, the radar system can detect
echoes from the last pulse sent out. The
interval between the time a pulse is trans-
mitted and the time its echo is received is a
direct measure of the range to the target
because:

a. The pulse travels from the antenna to
the target and back again.




b. Radar waves, like light waves, travel
in straight lines at the speed of light.

c. The speed of light is a constant that has
been measured very accurately. The measure-
ment of range can therefore be reduced to the
measurement of time, and time can be
measured more precisely than any other basic
quantity.

The radar system measures the time inter-
val between a transmitted pulse and its
echo by comparing the echo pulse-with a
reference pulse generated at the same time as
the transmitted pulse.
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K-19 SIGHT

The K-19 sight is a single-gyro, computing
gunsight that computes lead angle and
gravity drop for fixed gun fighter aircraft
flying lead pursuit courses. This sight is a
repackaged version of the Navy Mk. 20
antiaircraft director. The sight and the
equipment used with it are shown in the
illustrations below.

Like the K-14A, the K-19 sight computes
the lead angle by means of a single gyro
mounted in the sight head and acted upon by
eddy currents. Improved accuracy at longer

Schematic of K-19 Sight and Equipment
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ranges has been achieved by adding an
accelerometer for introducing gravity drop
corrections, and by other design features.

The sight accepts either manual or radar
range voltage inputs and transmits lead angle
outputs electrically. It is equipped with a
projection optical system employing a variable
diameter reticle adjustable for use in manual
ranging.

The tracking index and manual ranging
systems of the K-19 sight are similar to those
in the K-14A. The K-19 can be electrically
caged during search for a target. It can also
be mechanically caged and used as a fixed
sight.

When used in gunfire and rocketfire, the

sight has a maximum accuracy range of 2,250
to 250 yards. The optical lead limits are plus
or minus 9° in azimuth, and minus 15° to
plus 3° in elevation. The sight can be operated
to an altitude of 60,000 feet without pressur-
ization.

The K-19 is a disturbed reticle computing
sight in which a single electrically driven
gyroscope is the principal computing element.
It is designed for installation in aircraft with
fixed forward firing weapons and may be used
for air-to-air and air-to-ground gunnery and
rocketry and for air-to-ground bombing.

The arrangement of various parts of the
sight and their operating relationships are
described in the drawing below.

K-19 Sight
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Reticle Display on Combining Glass

Sight Head

The sight head is mounted in the cockpit,
forward of the instrument panel. Its location
is such as not to obstruct the pilot’s line of
vision over the nose of the aircraft. It contains
the lead angle computing gyroscope and eddy
current precessing system, a direct-coupled
optical system of 3l4-inch aperture, range
servo drive, a gyro precession torque motor
to introduce gravity drop correction, a me-
chanical caging mechanism, a variable diam-
eter ranging reticle, range-driven potentiom-
eters of the sensitivity computing network,
and lead angle pickoffs.

When the sight is in operation and the
pilot looks through the combining glass, he
sees the reticle image as shown in the illustra-
tion above. He tracks a target by holding the
center pip on the target. In the upper left is
visible the numeral indicating either the
manual or radar range information received
by the sight. The numeral in the lower right
shows in feet the span setting of the reticle
when it is used for manual ranging. An in-
range indicator covers this numeral when the
range information received by the sight
indicated that the target is too far away.

43

AFM 335-25 FEB 1956

Gravity Drop Unit

Sensitivity Amplifier Assembly

The sensitivity amplifier assembly contains
a power supply for the sight, a magnet cur-
rent supply for the eddy current precessing
magnet, the range servo amplifier, a precession
amplifier to control the gyro torque motor,
a bomb program timing motor and cam, and
many of the components of the magnet cur-
rent and precession current computing net-
works. Since the sensitivity amplifier assem-
bly also functions as a junction box for the
entire system, its location in the aircraft
should be such as to keep the length of neces-
sary interconnecting cabling at a minimum.

Gravity Drop Unit

The gravity drop unit should be located
at a point in the fuselage of the aircraft near
the center of gravity and should be mounted
in a normally horizontal plane, preferably
with the axis of the unit alined fore and aft.
Two sub-units, the accelerometer unit and
the torque response unit, comprise the gravity
drop unit. The unit is shown in the illustra-
tion above.

The accelerometer unit consists of a weight
mounted on an arm extending horizontally
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Pressure
Sensing
Unit

from the shaft of a torque motor. Mounted
at the end of the torque motor shaft is an
alternating current (AC) pickoff. Accelera-
tions of gravity and centrifugal force acting
on the weight produce slight rotational move-
ments of the motor shaft driving the pickoff.
The precession amplifier amplifies the pickoff
signal, and a portion of the amplified signal
is applied to the torque motor control wind-
ing to produce a torque which balances the
torque applied by the weight. The amplifier
output is applied to the gyro precession torque
motor which precesses the gyro in elevation,
applying a gravity drop correction for all
modes of operation except bombing.

The components of the torque response unit
are essentially the same as those in the ac-
celerometer. On the torque response unit,
however, a spring replaces the pendulous
weight. The torque produced by this spring
displaces the pickoff to produce a signal, a
portion of which, when amplified in the pre-
cession amplifier, is applied to the torque
motor to balance the torque of the spring.
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This voltage, applied to the gyro precession
torque motor, precesses the gyro downward
in elevation. The torque response unit is
used in bombing operation only.

Pressure Sensing Unit

The pressure sensing unit contains static
and dynamic pressure sensing units and should
be located close to static and dynamic pressure
lines. These sensing units are pressure actuated
to drive potentiometers which indicate air
density, indicated airspeed, and true air-
speed.

Weapon Selector

The weapon selector may be located at
any point in the cockpit convenient to the
pilot. It is a five-position rotary selector
switch with six decks and twelve switching
sections used to make the connections with
the computing networks, the gravity drop
unit, and the sensing unit necessary for the
desired mode of operation of the sight.

Weapon
Selector



Reticle Brightness Control

A 75-ohm nonlinear rheostat is used to
control the brightness of the filaments in
the reticle lamp which, in turn, controls the
brightness of the reticle. Rotating the control
clockwise from the OFF position lights and
increases the brightness of one of the two
reticle lamp filaments; rotating the control
counterclockwise controls the brightness of
the other filament. The reticle brightness
control may be mounted in any convenient
position in the cockpit.

Bomb Program Selector

The bomb program selector units for serial
No. Y-2W, Y-3F, and Y-3W consist of four
ganged rheostats manually driven by means
of a gear train. (In serial No. Y-1F, Y-1W,
and Y-2F, these rheostats are nonlinear and
are directly driven.) These rheostats are part
of the sensitivity computing network for
bombing. They are set by the pilot as a
function of true airspeed and range. The unit
may be mounted in the cockpit in any con-
venient location.

Manual Ranging Control

The manual range control, a 10,000-ohm
potentiometer, is most conveniently located
on the throttle grip. It is used by the pilot,
in the absence of a radar range signal, to
adjust the diameter of the sight reticle to
span the fuselage or wingspan of the target,
thereby setting the range potentiometers to
the range of the target.
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Reticle Brightness Control

Bomb Start Switch

The bomb start switch may be mounted on
the control stick. Its function is to start the
bomb program timing motor on its 6-second
cycle. At the end of 5 seconds, a circuit is
closed permitting bombs to be released.

Preparation for Flight

FOR AMPLIFIER SERIAL NO. Y-2F, Y-3F,
Y-2W, Y-3W. When guns are to be fired, place
S52, the .50 cal-20-mm gun switch, and S50,
and the tow target (training) gunnery switch,
in the desired positions. When rockets are to
be fired air-to-ground, check that S51, the
ground ranging radar switch, is in the correct
position.

For ALL unrts. When rockets are to be
fired, adjust potentiometers R64, R68, and
R75 to the propellent temperature predicted
at time of firing.

Bomb
Program
Selector
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Before Takeoff Gyroscope Check

Check before takeoff to insure that the
gyroscope in the sight head is mechanically
caged. Caging is accomplished by rotating the
gyro cage knob on the sight in a clockwise
direction.

CAUTION

To avoid damage, the gyroscope should be
mechanically caged at all times when not running,
and throughout the starting operation.

Starting

1. Turn on the gunsight power switch,
applying AC power to the sighting system.
(Thermostatically controlled heaters in the
sight head are connected to the aircraft’s
28-volt direct current [DC] supply.)

2. After a wait of about 1 minute to allow
the sensitivity amplifier to warm up and to
allow the gyroscope to come up to speed, un-
cage the gyroscope.

Note: When the ambient temperature around

the sight head is between —20° C. (—4° F.) and

—54° C. (—65° F.), a warmup period varying

from 1 minute at —20° C. to 8 minutes at —54° C.

is necessary prior to uncaging the sight gyroscope.

After warmup, watch that the reticle holds steady

when the gyroscope is uncaged. If the reticle

oscillates, recage the gyroscope and allow
additional warmup time.

3. Rotate the knob on the reticle bright-
ness control to left or to right, to adjust the
brightness of the reticle image.

Nore: There are two filaments in the reticle

lamp, one of which lights when the brightness

control is rotated to the left, the other when
the control is rotated to the right from the OFF
position. If one filament burns out during flight,

set the brightness control to use the alternate
filament.

Use in Gunnery

1. Place the weapon selector switch on
GUNS.

2. For manual ranging, set the reticle
span control for the span of the target.
(The numerals indicating the span setting
appear on the reticle outside the ranging
circle.) Press the electrical caging button on
the throttle grip control while turning into
position for a pass at the target on completion
of the turn, release the button. Track the
target by holding the reticle centered on the
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target and adjust the reticle size by rotating
the throttle grip control.

3. For radar ranging, press the electrical
caging button on the throttle grip control
while turning into position for a pass at the
target. On completion of the turn, release
the button. Track the target by holding the
reticle centered on the target. Check that
the radar set has locked on the target, giving
automatic range data to the sight.

4. Fire the guns at any time the range
to the target is less than 1,600 yards.

Use in Air-to-Air Rocketry

1. Place the weapon selector switch on
ROCKETS, AIR, 2.75.

2. For manual ranging, use the same pro-
cedure as for gunnery.

3. For radar ranging, use the same pro-
cedure as for gunnery.

4. When the range to the target is less
than 1,600 yards, rockets may be released
to hit the target.

Use in Air-to-Ground Rocketry

1. Place the weapon selector switch on
ROCKETS, GROUND, 2.75 or on ROCK-
ETS, GROUND, 5.0, 2.26 depending on the
type of rockets to be fired. If 5.0-inch or
2.25-inch rockets are to be fired, place S402
(on the weapon selector) in the “5.0” or the
“2.25” position as required.

2. For manual ranging, select the preset
range at which rockets will be released by
means of the long-short switch on the weapon
selector. (In the LONG position, rockets
must be released at an estimated 1,200-yard
range; in the SHORT position, at an esti-
mated 600-yard range.) Depress the electrical
caging switch while turning toward the
target. When sight is alined with the target,
release the electrical caging switch. Hold the
reticle centered on the target and when at
the correct range, release rockets.

3. For radar ranging, depress the electrical
caging switch while turning toward the target
On completion of the turn, release the button.
Hold the reticle centered on the target. Radar
should now lock on the target, providing auto-
matic range data to the sight. Fire rockets
at a range of less than 1,500 yards.



Use in Bombing

1. Place the weapon selector switch in
the BOMBS position.

2. Set the bomb program selector so that
the estimated range of the target at start of
the bomb run is opposite the expected airspeed
on the bomb run.

3. Press the electrical caging button while
turning into the bomb run; release button
when alined with target.

4. When at the predetermined estimated
range for the run, press the bomb start button
on the aircraft control stick to start the bomb
program timing cycle.

Nore: Hold the bomb start button depressed
for at least 1 second.

5. During the bomb timing cycle, fly the
aircraft to keep the reticle centered on the
target. At the end of 5 seconds, contacts in the
bomb timing unit will close allowing bombs to
be released automatically.

Nore: For specific aircraft installations, refer
to the applicable instruction manual.

Use as a Fixed Sight

To used as a fixed sight in any function,
operate the sight with the gyroscope me-
chanically caged. This alines the line of sight
with the armament datum line. Leads must
now be estimated as with any fixed sight.
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After Use
1. Mechanically cage the gyroscope.
2. Turn off the gunsight power switches.

GENERAL INFORMATION
ON A-SERIES SIGHTS

The A-series gun-bomb-rocket sights were
developed for use in fighter aircraft only, as
opposed to the K-series, which could be used
in both flexible gunnery and fixed gunnery.
The design of the A-type sights incorporates
both radar and manual ranging with automatic
gunfire prediction, rocketfire prediction, and
bomb release computations. The sights extend
the range of the fighter’s effectiveness by in-
cluding automatic calculations not only for
target motion and trajectory shift, but also
for gravity drop, and air density. These ele-
ments comprise the total prediction angle sup-
plied by the sight. This angle is shown in the
illustration below.

The series consists primarily of the A-1 and
the A-4 gunsights. The following discussion
will deal mostly with the A-4 sight. The A-4
sight is merely a “dressed-up’’ version of the

A-1. The A-4 is a later model that works a

little more smoothly and is improved from the
maintenance standpoint. The operation and
basic principles of the two are alinost identical.

Total Prediction Angle
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The range of the sights is from 600 to 6,000
feet. They will compute the proper prediction
angle for a target over that range from the
ground up to 50,000 feet if the pilot can track
the target properly. Correct prediction will be
computed from a 0 g force to 9 positive g’s.
It is improbable that a pilot would be able to
deliver a lethal burst of fire much beyond
3,000-foot range because of bullet dispersion
and the difficulty in tracking beyond that
range. The sight will, therefore, actually com-
pute for conditions which are beyond the
present capabilities of the other gunnery
equipment in the aircraft.

The sights may be used in five different
ways:

a. In the gunfire function with automatic
radar ranging against aerial targets.

b. In the gunfire function with manual
ranging against aerial targets.

c. As an air-to-ground automatic com-
puting gunfire and rocket fire sight.

d. Asan automatic computing bomb sight.

e. In the event that all of its automatic
functions fail, it may be used as a fixed optical
sight in its manually caged position.

Principles of Operation

The A-series sight is a two gyro gunsight,
consisting of an elevation gyro and a deflection
gyro. The elevation gyro gives a component of
prediction about the elevation axis of the
tracking aircraft. The deflection gyro com-
putes the prediction component parallel to
the wings of the tracking aircraft, that is,
about the deflection axis of the aircraft. The
two components are combined mechanically
to form the total prediction angle requirement.

The sight utilizes the gyroscopic principle
of precession in its calculations. The gyros
are rate-gyros and are mounted in single-
plane-of-freedom gimbals. From the earlier
discussion on gyroscopic principles, you will
recall that if a force is applied to a gyro, the
reaction to that force will be 90° in the direc-
tion of the gyro rotation from the original
force. The effect will be that the gyro will
change its plane of rotation, that is, precess,
as though the force were applied from the
latter position.
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The turning motion of the aircraft during
tracking exerts the original force on the gyros,
causing them to precess in accordance with the
principle stated above. The turning motion of
the aircraft is a measurement of the target
motion. The amount the gyro precesses in
response to a given force (a given rate of turn
of the aircraft) can be measured and cali-
brated for use in calculating a prediction angle.

The range is obtained automatically by a
radar unit. This information is transmitted to
the sight to exert restraint upon the gyro,
making it a rate-of-turn-measuring gyro. The
amount that the gyro precesses, in response to
aircraft turning rate, is modified by the range
input. The range information arrives within
the computer as an electrical current that is
inversely proportional to the range. The long-
er the range to the target, the smaller is the
current sent to the computer; consequently,
the less the restraint upon the gyro movement.
The electrical range current can be thought of
as a stiffness current, since it results in a
stiffness being applied to the freedom of action
of the gyros. Long ranges produce low stiff-
ness upon the gyro movement. Short ranges
produce high stiffness upon the gyro move-
ment.

Therefore, in common with all computing
sights, the A-series sights compute a predic-
tion angle upon the basis of two main inputs:

a. Range to the target. This is measured
automatically by radar, or manually by the
pilot using stadiametric ranging.

b. Target motion information, of which
the angular velocity of the tracking aircraft
is a direct measurement, (as long as the proper
range information is fed into the sight simul-
taneously).

Components

There are four main components and sev-
eral supporting components that make up the
sighting system. The main parts are the sight
head, computer, amplifier, and sight selector
unit (similar component in the A-1 is called
the rocket selector unit).

The supporting units that are necessary for
the sight to operate are the dimmer control,
range servo, radar unit, manual ranging sys-
tem, and power supply.
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Typical Sight Installation

Above is a diagram of a few of the various
components of the sight system as they appear
in a typical installation within an aircraft.

For all practical purposes, the four main
components of the A-1 sight may be consid-
ered as one unit. They are calibrated together.
Minor repairs within each unit may be accom-
plished in the field. However, if a complete
major unit must be replaced, then all of them
must be removed and returned to the depot for
correction and recalibration of a complete new
set. In the A-4, excellent changes were made
from the maintenance standpoint. The sepa-
rate components of the A-4 are calibrated
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individually. This greatly facilitates mainte-
nance, since complete system changes are
unnecessary.

The following discussion of the various com-
ponents of the system is designed to give you
a general understanding of the overall work-
ings of the sight system. Each component is
covered more thoroughly in the next section.

The computer is the unit that houses the
computing portions of the sight. It contains
three main assemblies: the elevation gyro
assembly, deflection gyro assembly, and bomb
computing assembly. The elevation and de-
flection gyro assemblies contain all the ele-

Computer
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Amplifier, Type A-1

ments of the computer for calculating the
prediction angle requirements for both gunfire
and rocketfire. The bomb computing assembly
comes into play whenever the bomb function
is engaged. It computes the automatic release
point for bombs.

The sight head contains the essential units
for presenting the prediction data calculated
by the computer to the pilot. It contains:

a. An optical system for collimating the
light rays of the reticle picture.

b. The reticle system and the components
that vary the reticle size during the ranging.

c. The range dial positioning mechanism
which presents the range information to the
pilot.

d. A variable position mirror called the
prediction mirror. It reflects the reticle
picture to the reflector plate presenting to the
pilot the sight picture of the prediction angle
generated by the computer.

The amplifier does just what its name
implies. It receives weak signals from various
sources throughout the system, and amplifies
the signals into a proper magnitude for use
elsewhere within the sight. Actually there are
four separate amplifiers within this unit. They
are called amplifier channels. Each has a
particular signal to amplify.
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a. The deflection channel amplifies signals
from the deflection gyro assembly in the
computer. It passes the amplified information
on to the prediction mirror within the sight
head.

b. The elevation channel amplifies signals
received from the elevation gyro assembly and
passes it on to the prediction mirror.

c. The range channel amplifies range
signals sent into the sight from the range
servo. It passes that information on to the
sight head where it positions the range dial
and varies reticle size.

d. The sensitivity channel also amplifies
range information received from the range
servo, but it passes that data to the gyro
assemblies of the computer. It is this signal
that is used in the actual computing of the
prediction angle. This signal modifies the
action of the gyros for range.

Nore: The amplifier also contains the air

density unit, the electrical cage relay, and five
dive bomb relays that will be discussed later.

Range information is supplied either by the
radar range unit or by the manual ranging
system. These units initially measure the
range to the target, and send the information
to the range servo to be distributed through-
out the sight. All range information must



electrical current ot the proper type and
magnitude, and sends it into the sight. It
distributes range information to channels
within the amplifier, (the range channel, and
the sensitivity channel).

The sight selector unit in the A-4 is the
central control box of the gunsight. With this
unit the pilot can select the sight computing
function; either bombing, gunfire, or rocket-
fire. In addition, various rocket types and
dive angles may be selected for the rocket
function. In gunfire, a TR—(train), HI-(high),
and LO-(low) switch allows the pilot to select
the target-speed-to-fighter-speed ratio that
most nearly approximates his attack con-
ditions. It sets the sight to compute either for
a training target, a high speed target, or a
low-speed target.

The comparable unit in the A-1 is called the
rocket selector unit.

With this unit the pilot may select the type
of rocket for which he wishes the sight to
compute, and the desired dive angle. The A-1
has nothing comparable to the TR, HI, LO
Switch. This switch improves the accuracy
of the A-4 over the A-1.
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A-4 Sight Selector Unit

A-1 Rocket Selector Unit
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Dimmer Control

Bomb-Target- Wind-Scale

The dimmer control allows the pilot to in-
crease or decrease the brightness of the reticle
picture merely by rotating the rheostat dial.

The bomb-target-wind scale is used only in
the bombing function of the sight. It permits
the pilot to put in corrections for either head-
wind or tailwind bombing passes. It will be
discussed later in more detail in the bombing
function.

The power supply originates in the aircraft
generator and is distributed to the sight
components via the secondary bus bar.
Naturally, the 28-volt DC output of the
generator is not of the proper type or magni-
tude to power all of the varied components of
the sight system. For instance, the amplifier
requires a relatively high voltage to amplify
the very tiny signals that it receives. There-
fore, the output of the generator must be
increased in voltage before being sent into the
amplifier. To aid in obtaining electrical
currents of the proper magnitude and cyclic
output, several inverter and converter units
are used.

The power supply diagram is shown below.

The aircraft generator is the primary power
source. It delivers a 28-volt direct current

Power Supply Diagram
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via the secondary bus bar to the following
units.

a. Sight power inverter, which converts
the current into a 28-volt, 3-phase, alternating
current of 400 14 cycles.

b. Aircraft inverter, which boosts up the
voltage to a 115-volt alternating current.

c. Range servo, where it powers the
manual ranging relay, space heater, and pilot
light.

d. Amplifier, where it is used to operate
six relays within that unit. These relays will
be discussed later in detail, all of them
except one are used only in the automatic
bombing function. The main power supply
for the amplifier comes from the E-1 converter.

e. Sight head, supplying current for the
sight reticle light source.

The aircraft battery has no function in the
power supply system. It is mentioned here
merely because there is an outlet provided
from the sight head for connection to the
battery. If the generator should malfunction,
this connection would allow the battery to
continue to supply power for the light bulb.
Therefore, the pilot would still have a fixed
optical sight even with generator failure.
Presently, however, this connection is not
being utilized in any Air Force aircraft.

The 115-volt aircraft inverter transforms
the generator output into an alternating
current of higher voltage. In addition to its
normal aircraft functions, it supplies 115 volts
to the E-1 converter.

The E-1 is an electronic converter that
transforms the aircraft inverter output into
a higher 300-volt output which it delivers to
the amplifier. This is the voltage that fur-
nishes the main power for the amplifier
operation.

The sight power inverter transforms the in-
put from the generator into a 28-volt, 3-phase,
alternating current of 400 +4 cycles for use
in the sight computer assemblies. The primary
job of this unit is to maintain the 400-cycle
output. The output is very essential for the
proper operation of the computer, since it
controls the rpm of the gyros. For every one-
cycle change, the gyro rpm will vary by
approximately 60 rpm. The prediction angle
computations of the computer will be inac-
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curate unless the gyro rpm is maintained
within very close limits.

Many modifications of the sight power
inverter have been tried in an attempt to
find a unit that was both sturdy and accurate
enough in its cyclic output.

a. Electronic sight power inverters are the
best from the standpoint of sight accuracy.
They can maintain the cyclic output within
the very close limits required ( +4). However,
they are quite fragile, and a rough landing or
a violent maneuver with the aircraft can
damage them, causing them to fail. The D-2
and the D-4 are types that have been used.
The D-4 was a more sturdy version of the
earlier D-2.

b. Rotary inverters were then used. These
units were very sturdy and could withstand
rough treatment without failing. Their main
drawback was that they could not maintain
the cyclic output within the degired tolerances
to insure accurate computations. The D-7
was the most popular of this type, and until
recently, was being installed in all aircraft.

c. Presently, an improved version of the
D-4 is being adopted. It is fast replacing the
D-7 in the field and is being installed in all
new aircraft. The use of this inverter has
resulted in slightly more accurate calculations
by the sights.

DETAILED INFORMATION
ON A-SERIES SIGHTS

This section covers the sight components in
greater detail.

Amplifier

The amplifier contains the principal com-
ponents required for the amplification of the
weak signals that it receives. It transforms
them into signals strong enough to be used by
other components within the sight. As men-
tioned earlier, it has four channels. The various
components are shown in the diagram on the
following page.

The range channel receives and amplifies
range information transmitted from the range
servo. It sends the amplified range informa-
tion into the sight head, positioning the range
dial and the reticle size. This is not a necessary
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Schematic Diagram of Amplifier Components

part of the computing operation. It could be
removed from the system and still the sight
would provide correct computations of the
prediction angle. When the sight is working
properly, its functions of varying the reticle
size and moving the range dial merely provide
added information for the pilot’s convenience.
However, if the radar fails and the sight must
obtain range information from manual rang-
ing, then this information becomes vitally
important. In order for the pilot to manually
range a target, he must have control over the
reticle size. This is obtained through the
operation of the range channel.

The sensitivity channel receives and amplifies
range information from the range servo. This
range data first passes through the air density
unit. This channel then transmits the amplified
range information to the stiffness units of the
elevation and deflection gyro assemblies of
the sight computer. These, in turn, create a
restraint or stiffness upon the movement of the
gyros, dependent upon the range to the target.
It is this range information that is used in
the actual calculation of the prediction angle.
It controls the gyro sensitivity to aircraft
turning rate, that is, it controls the amount
the gyro will precess in response to aircraft
movement. At long ranges the gyro will
precess greatly in response to small changes

54

A-4 Amplifier

in the flight of the aircraft. In this case, the
gyro is highly sensitive. Short ranges will
result in low gyro sensitivity, that is small
responses to aircraft movement. Since the
movement of the gyros control the pipper
action, the pipper reacts similarly in sensitiv-
ity in response to varying ranges and aircraft
movement.

The deflection channel receives information
from the pickoff unit of the deflection gyro
assembly regarding the displacement of that
gyro. After that small signal is amplified, it is
transmitted to the deflection torque motor in
the sight head. This unit then positions the
prediction mirror with the deflection com-
ponent of the prediction angle.

The elevation channel receives information
from the pickoff unit of the elevation gyro
assembly regarding the displacement of that
gyro. Similarly, it amplifies that signal and
sends it to the elevation torque motor in the
sight head. This unit then positions the
prediction mirror with the elevation com-
ponent of the prediction angle.

The air density unit is also a component of
the amplifier. It is used to compensate for the
effect of air resistance on the speed of a
projectile after it leaves the gun muzzle. It
consists of a potentiometer whose shaft is
linked and geared to an aneroid bellows sealed



at standard atmospheric pressure. The entire
unit is mounted in a housing that is maintained
at local static pressure. As the altitude of the
aircraft is increased, the air pressure decreases,
causing the aneroid bellows to expand. This
movement of the bellows moves the poten-
tiometer shaft which, in turn, varies an
electrical signal that is a measure of the
relative air density. The air density unit
modifies the range information sent to the
sensitivity channel from the range servo. As
the altitude increases, resulting in an increased
bullet velocity, the unit makes a small
calibrated addition to the strength of the
range information being sent to the sensitivity
channel. From there, the modified signal is
transmitted to the elevation and deflection
computer stiffness units, thereby introducing
the correction for air density into the pre-
diction angle computation.

The electrical cage relay is one of the six
relays mentioned earlier as a part of the
amplifier. The other five are used only when
the sight is operating as a bomb sight. They
are inactive at all other times. The electrical
cage, however, is operational during all the
sight functions. The unit was placed in the
sight system primarily to afford the pilot a
rapid means of bringing his reticle image
back into his field of vision if it should ever
disappear as a result of a violent maneuver.
When the electrical cage button the on
throttle is engaged, the relay in the amplifier
disconnects the normal flow of range informa-
tion from the sensitivity channel to the
computer gyro assemblies. It then allows an
artificial fixed range signal to be transmitted
into the stiffness units of the gyro assemblies.
In the A-1 the electrical cage range is approx-
imately 600 feet. In the A-4, this artificial
range input was increased, but it is sufficient
to accomplish the purpose of the unit. Gen-
erally, the A-4 range input in electrical cage
will be very close to 850 feet.

The five bombing relays, although a part of
the amplifier, are discussed in detail in the
section on bombing function.

The adapter unit appears only in the A-4
amplifier. The A-1 has no comparable unit.
This unit makes it possible to interchange the
components of the sight in the field, facil-
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itating maintenance in the A-4 sight system.

The A-4 amplifier differs from the A-1
amplifier as follows:

a. The A-1 amplifier is one single unit
with its various functions not visibly dif-
ferentiated. If one major part of the amplifier
fails, the whole amplifier is inoperative and
must be replaced.

b. The A-4 amplifier is subdivided for
better and faster maintenance. It is actually
separated according to its various functions —
the four amplifying channels, the air density
unit, the relays, and the adapter unit — both
visually and functionally. If any one of the
components in the A-4 amplifier malfunctions,
that unit may simply be removed and replaced
with a new unit, which will already be properly
calibrated. This greatly simplifies and speeds
up maintenance, allowing the sight to remain
in the field longer, and in commission a higher
percentage of the time.

Computer

The computer contains the two gyro pre-
diction assemblies and the bombing assembly.
In the gunfire function the two gyro assemblies
are responsible for computing the elevation
and deflection components of the prediction
angle. In the bombing function the computer
calculates the release point for bombs. The
gyros make their computations on the basis of
the range information input from the sensitiv-
ity channel of the amplifier, and the angular
velocity input from the motion of the attack-
ing aircraft as it tracks the target.

The elevation gyro assembly computes the
elevation component of the prediction angle.
Its components are shown in the illustration
on the following page.

The elevation gyro is mounted with a single
plane of freedom gyro gimbal. It is connected
to the computer shaft by a mechanical ball-
and-arm arrangement. The connection is such
that the computer shaft will rotate in response
to gyro precession. The amount that it
rotates is a direct measurement of the amount
of gyro movement.

The elevation pickoff unit reports the amount
of movement of the gyro to the elevation
channel of the amplifier. The coils of the
pickoff unit generate a magnetic field. An
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Elevation and Deflection Computing Assemblies

armature is attached to the computer shaft
so that it turns within this field. When the
computer shaft is rotated by the gyro, a
current is generated in the coils proportional
to the gyro movement. This is the voltage
delivered to the amplifier. It is a measurement
of the amount of gyro precession.

The stiffness unit throws restraint upon the
movement of the computer shaft, which
therefore causes restraint to be applied to the
movement of the gyro. The restraint current
comes from the sensitivity channel of the
amplifier and is an expression of target range.
Short ranges produce high restraint. Longer
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ranges produce less restraint. The design of
the stiffness unit is very similar to that of the
pickoff unit. It contains four coils arranged
around an armature attached to the computer
shaft. The range information is sent into the
four coils, resulting in a magnetic field
emanating from the coils. These magnetic
fields grip the armature and tend to hold it in
a neutral position. The strength of the mag-
netic field and the force with which the
armature is held in its neutral position depend
on the range information supplied to the unit.
As the gyro precesses causing the computer
shaft and its attached armature to rotate, a



magnetic restraint is applied to the movement
of the armature as it attempts to move from
its neutral position. In applying restraint
upon the movement of the armature, the
stiffness unit is also applying restraint to the
gyro precession, modifying the magnitude of
its computation for range.

The viscous damper is merely a cavity at
the base of the computer shaft which is filled
with a heavy viscous fluid, and within which
the base of the computer shaft rotates. It
accomplishes three very important functions.

a. It prevents damage to the gyro assem-
blies that might result from a hard landing or
a violent maneuver.

b. It smooths out the oscillations of the
gyro as it searches for the proper depression
position. This operation smooths out the
oscillations of the pipper and makes tracking
easier for the pilot.

c. It relates the angular velocity of the
aircraft to the angular velocity of the sight
line. As long as the amount of lead is constant,
the angular velocity of the aircraft and sight
line are identical. If the lead angle is changing,
these two angular velocities are not equal.
The sight line always lags behind aircraft
movement. Since the pilot keeps the pipper
upon the target, the sight line angular veloc-
ity is the correct measurement of the target
motion. Since the computer measures the
attacking aircraft’s angular velocity, the
measurement must be modified and related
to the true measurement of target motion,
that is, the sight line. The viscous damper
accomplishes this function. This is the most
important of its functions from the standpoint
of accuracy of the lead calculation.

The viscous damper is the unit within the
sight that makes a 15-minute warmup neces-
sary. Obviously, it is necessary to maintain
the temperature of the viscous fluid within
very close limits to insure proper working of
the sight. Heaters surrounding the viscous
damper maintain the proper temperature of
the fluid.

From the instant the aircraft generator
starts working, the viscous damper heaters
start warming the fluid. It takes 15 minutes
from engine startup to insure the proper
temperature of the viscous damper fluid.
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From the time the gunsight master switch
on the armament panel is turned on, an
additional 1 to 2 minutes is required for the
tubes in-the amplifier to warm up, and start
working properly. If this switch is engaged
during the first 13 minutes, then 15 minutes
is all the time required for sight warmup.

If you have been airborne for 30 minutes
without the sight master switch engaged, the
sight will still need 1 to 2 minutes after it is
turned on before the amplifier will operate
properly.

There are four heaters within the main
components of the sight. ‘

a. A damping fluid heater is located in
each gyro assembly.

b. A sight head heater maintains tem-
perature of the metallic parts in the sight head.

c. A computer heater regulates the tem-
perature of the computer parts.

The gravity drop accelerometer is attached to
a lever arm extending out from the elevation
gyro gymbal as shown in the illustration
below. The torque that it exerts on the gyro
results in a computation of the elevation
component for gravity drop.

Gravity Drop Accelerometer
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While the wings of the fighter are level,
only an elevation component for gravity drop
is needed. In this case, the gravity correction
is computed as follows.

a. The gravity drop accelerometer pre-
cesses the gyro down until the restraint
applied by the stiffness unit equals the force
applied by the accelerometer. A balanced
condition then exists between the two forces.

b. As the range increases, the restraint
upon gyro movement decreases. This allows
the gravity drop accelerometer to precess the
gyro an additional amount providing a greater
gravity correction for the increased range.

c. As range decreases, the stiffness unit
restraint increases. This increased stiffness
force applied to the gyro movement, being
greater than the accelerometer force, causes
the gyro to partially right itself. This takes
out a part of the accelerometer induced
precession, providing a smaller gravity cor-
rection for the shorter range.

When wings of the fighter are not level, a
deflection gravity drop correction is required
in addition to the elevation component. It is
not possible to use an unbalanced accelerom-
eter mass on the deflection gyro. Since the
aircraft is always flown in a coordinated
manner, no resulting force would be applied
to the accelerometer mass. Therefore, to
supply this correction, the stiffness of the
deflection gyro assembly is offset so that its
computation will contain a small calibrated
correction for gravity drop while the aircraft
is in a banking attitude.

The deflection gyro assembly computes the
deflection component of the prediction angle.
It has the same component parts as the
elevation gyro assembly minus the gravity
drop accelerometer. These components serve
the same functions and act in the same manner
as the corresponding units in the elevation
assembly, except that their action is about the
deflection axis of the sight, that is, parallel
to the aircraft wings.

The deflection gyro performs one additional
function, however. It is tilted down 10° along
the deflection axis to provide a correction for
cross-roll error. Cross-roll error is the error
resulting from rolling the wings or changing

58

the bank of the aircraft while tracking a target
with the sight depressed. It is the same as the
pendulum action of the fixed sight that is
encountered when trying to keep the pipper
on a ground target in a bomb run with the
pipper depressed 70 or 80 mils. The 10° tilt
of the gyro is such that the rolling action of
the wings produces a force on the gyro. This
causes the gyro to precess and reposition the
pipper during the roll. The correction makes
it possible for the pilot to increase the bank
of the aircraft in a pursuit curve, still keep
the pipper on the target, and also hit the
target with his fire. It makes the roll error in
the sight negligible in the gunfire function.
However, it is designed to correct only for
normal roll encountered in an average pursuit
curve. Violent roll will not be completely
compensated.

Although the TR-HI-LO (train-high-low)
switch is a part of the A-4 selector unit, its
action is applied within the computer.

The TR-HI-LO switch is sometimes referred
to as the target speed selector. It allows the
pilot to change the sight computing to be
more accurage for varying target speed con-
ditions. It was included in the A-4 sight in an
effort to surpass the accuracy of the A-1. The
A-1, as mentioned earlier, has no comparable
unit. This unit provides three different
calibration curves within the A-4, and the
pilot may select the one that most nearly
approximates his firing conditions.

TR is the average training pursuit curve
selection. This is the proper selection for
training engagements where the attacker is at
moderate speed and the target is at low speed.

HI is the average fighter-versus-fighter
pursuit curve selection. It should be used
when the target’s speed is high in relation to
the fighter’s speed.

LO is the average low-speed target pursuit
curve. It should be used for a high fighter
speed and a low target speed.

The target speed-to-fighter speed ratio
determines the type of pursuit curve that a
pilot must fly. The TR-HI-LO selections

represent the following target-to-fighter speed
ratios.



Target  Fighter = Approx-

Selection Speed Speed imate Ratio
TR 205 300 2:3
HI 511 600 5:6
LO 205 600 1:3

If the attack exactly matches the above
conditions, the impact point will be very close
to the pipper. As it varies from the above
calibrated conditions, the impact will vary
from pipper position slightly.

The A-1 has only one curve calibrated into
it. The exact target-to-fighter speed ratio is
not known. However, it is a fighter-versus-
fighter calibration very similar to the HI curve
of the A-4. This explains the underlead
characteristic of the A-1 against aerial train-
ing targets. The A-4, in HI position, will also
underlead a training target in much the same
manner as the A-1. The A-1 lead for fighter-
versus-fighter conditions will be quite ac-
curate. However, since the A-1 has only one
average pursuit curve calibration, the impact
point for different attack conditions may vary
from the pipper position by a slightly greater
amount than it will when using the A-4 sight.

The TR-HI-LO switch modifies the stiffness
current applied to the deflection gyro within
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the computer. Using TR as the standard com-
puted prediction angle, HI will provide greater
restraint and a smaller prediction angle for any
given target than will the TR position. LO
will provide less restraint and a larger pre-
diction than will TR.

The bomb drop assembly is used only when
the sight is operating in bombing function and
is discussed in detail in a later section of this
chapter.

Sight Head Assembly

The sight head assembly has the job of pre-
senting to the pilot, by means of the reticle
image, a continuous indication of the predic-
tion angle. It has the components shown in the
diagram on this page.

In the elevation torque motor and elevation
torque motor pickoff assembly, the elevation
torque motor receives the amplified signal of
the amount of gyro precession from the ele-
vation channel of the amplifier. The signal to
the torque motor results in a shaft being ro-
tated that, through a system of levers, posi-
tions the prediction mirror.

The pickoff measures the amount of rotation
of the torque motor shaft, and returns that
signal to the elevation amplifier. When this

ELEVATION CHANNR

TORQUE MOTOR SHAFT
><L

WINGSPAN LEVER

Schematic Diagram of the Sight Head Torque Motor Assemblies
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return signal to the amplifier equals the input
from the gyro pickoff unit, the torque motor
ceases to rotate, and the mirror position is
held constant.

The components of the deflection torque
motor and deflection torque motor pickoff as-
sembly operate exactly the same as the cor-
responding units in the elevation assembly.
They act in response to the amplified signal of
the deflection gyro from the amplifier. They,
in turn, position the prediction mirror with the
deflection component of the lead angle.

The elevation torque motor assembly and
the deflection torque motor assembly are com-
bined mechanically by a ball arm and lever
arrangement. They get their impulses indi-
vidually from their respective channels of the
amplifier. Their mechanical connection, the
ball arm, enables them to position the pre-
diction mirror jointly to give the total pre-
diction angle to the pilot. The ball arm
mechanical connection is quite fragile. It is
this unit that is damaged by a violent maneu-
ver or a hard landing with the sight in the
uncaged position, and not the gyros as is com-
monly believed. The action of the viscous
dampers makes it difficult to damage the
gyros. The ball arm, when damaged, results
in improper positioning of the prediction
mirror, and necessitates reharmonization of
the sight.

The prediction mirror receives the informa-
tion from the elevation and deflection torque
motors and is positioned accordingly. It re-
flects the reticle image onto the sight reflector
plate presenting the sight picture of the proper
prediction angle to the pilot.

The two components of the range motor
and range motor pickoff assembly operate in the
same general manner as their corresponding
parts in the elevation and deflection torque
motor assemblies. This assembly, however,
gets its information from the range channel
of the amplifier.

The action of the range motor is to position
the range dial properly to present a visual
range indication to the pilot, and to vary the
size of the computing reticle as the range
varies.

The wing span control is located on the sight
head, and is operated by the pilot primarily
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for manual ranging. The wingspan scale is
calibrated from 30 to 120 feet. The pilot puts
the target wingspan information into the sight
by positioning the span scale pointer. This
varies the basic size of the reticle and cali-
brates the ranging system so that by spanning
a target’s wings, accurate range information
will be fed into the sight computer. The correct
wingspan setting is unimportant when the
sight is operating in its full “radar’’ function.
The radar measures the time for an impulse to
travel to the target and back. The wingspan
setting has no effect on its accuracy. During
radar ranging, however, the reticle size will
vary continuously even though it need not
necessarily span the target’s wings. Accurate
wingspan settings are only important during
manual ranging.

The range dial is located in the sight head
and presents the target range information to
the pilot. It is marked with indications for
ranges from 600 to 6,000 feet. However, mark-
ings on the drum beyond 4800 feet are too
small to be useful to the pilot. It is positioned
by the radar or by manual range information
acting through the range channel and range
motor assembly. It is not necessarily an indi-
cation of the exact range for which the sight
is computing. A master range dial in the range
servo determines the range information sent
into the amplifier channels and hence to the
computer. The sight head range dial should
read the same as the range servo dial. How-
ever, due to manufacturing tolerances of
mechanical and electrical components, it may
be off in its indications as much as plus or
minus 150 feet at long ranges.

The optical system consists of the compo-
nents that form the reticle image and present
it to the pilot. It collimates all the light rays of
the reticle and focuses them at infinity. The
reticle image will, therefore, appear to be
superimposed upon the target regardless of the
target’s range.

The A-1 optical system is shown in the illus-
tration on the following page.

The A-1 optical system has two light bulbs,
each with a primary and a secondary (or
emergency) filament. You can select the sec-
ondary filament by engaging a switch on the
armament panel. One of the light bulbs forms
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A-1 Optical System

the light source for the variable computing
circle; the other forms the pipper light source,
with an additional function as the fixed reticle
light source.

The A-1 computing circle assembly con-
sists of two condenser lenses to focus the light
rays into a light tube. The light tube is a coat-
ed quartz rod that prevents any of the light
rays from escaping. The light rays are trans-
ported through the quartz rod to its opposite
end which extends into the range cone. The
inner face of the range cone is a mirror. Near
the end of the quartz rod, a thin line around
the rod is uncoated. In the diagram this is
labeled as reticle slits. Here the light rays
escape to form a continuous reticle circle on
the cone mirror. The quarts rod is moved in
and out within the cone mirror, increasing or
decreasing the size of the circle as the range or
wingspan controls are changed. The range

é1

motor varies the position of the quartz rod
to vary the circle size for range. The wingspan
varies its position for target size.

The range cone mirror reflects the circle
image to the fixed semi-silvered mirror. This
mirror reflects the image up to the fixed mirror.
At the same time, it allows the pipper to pass
through it from beneath so that the pipper
joins the reticle circle at the fixed mirror.

The pipper is supplied by the second light
bulb located below the semisilvered fixed
mirror. This light source also supplies the fixed
100-mil broken reticle image that is displayed
when the fixed reticle mask is raised by the
mechanical caging lever.

From the fixed mirror, the circle and pipper,
now combined, are directed through the colli-
mating lens and onto the variable position
prediction mirror.
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The prediction mirror directs the reticle
picture onto the reflector plate displaying the
proper prediction angle to the pilot.

The minimum size of the A-1 computing
reticle is 20 mils. The maximum size is 160
mils.

The A-4 optical system is illustrated on this
page.

The reticle in the A-4 is a 10-diamond circle,
which is formed by rotatable disks. The mech-
anism is very similar to that used to form
the K-14 computing reticle. It consists of the
following components:

There is only one light bulb with a primary
and secondary filament. It provides the light
for both the computing and fixed sight pictures.

The diamond reticle assembly provides a
more intense illumination of the circle than the
reticle system of the A-1.

The reticle mechanism consists of three
disks: one controlled by the range control,
one by the wingspan control, and a masking
disk between the two.

The range reticle disk is composed of 10
spiral lines. This disk is alined with the other
two disks to allow each spiral line to form a
diamond of the circle. It is rotated by the
range motor to vary the size of the circle in
response to the range of the target.

The wingspan disk contains 10 spiral lines
in the opposite direction of those on the range
disk. It is set by the span control lever.

LIGHT BULB

A-4 Optical System
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The masking disk contains 10 linear radial
lines and allows only 10 diamonds to be dis-
played. The design of the spirals is such that
it is possible to have a second row of diamonds
without the masking disk.

The fixed mirror reflects the reticle image
through the collimating lens to the prediction
mirror, and from there up to the reflector
plate to the pilot.

The minimum reticle size of the A-4 com-
puting reticle is 16 mils, the maximum size is
150 mils.

The mechanical caging lever inactivates the
computing system and provides a fixed optical
sight as an alternate sight for the pilot.

In the A-1 sight, the manual caging lever
accomplishes the following:

a. It mechanically locks the prediction
mirror in a set position.

b. It extinguishes the variable reticle light
source.

c. It raises the fixed reticle mask exposing
the fixed sight picture.

d. It disconnects the power supply (300
volts) to the amplifier, inactivating the com-
puting system of the sight.

In the A-4 sight, the following things occur
when the manual caging lever is engaged.

a. It mechanically locks the prediction
mirror thereby fixing its position.

b. The computing system is deenergized
by disconnecting the power supply to the
amplifier.

c. A microswitch is energized that causes
the range motor to drive the range reticle disk
to the 600-foot range position.

Because of the nature of the caging system
in the A-4, the pilot will not always have a
fixed 100-mil reticle in the caged position as
in the A-1. The reticle size will depend upon
the wingspan setting. To determine the reticle
size in the caged position, you can use the
following ratio. (Keep in mind that the range
is locked at 600 feet.)

Wingspan setting _mil value
600 feet 1,000 feet
Therefore:

Wingspan x1,000 _mil value
600 " of reticle.
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EXAMPLE:

Wingspan =60 feet; caged
60—2(1).'?—00 =mil value
Reticle mil value =100 mils.

Therefore, in order to obtain a 100-mil
reticle with the A-4 gunsight manually caged,
you must set the wingspan at 60 feet.

A ratio similar to the one above can be used
for determining the mil value at any setting
of the range, or it can be used to determine
the wingspan setting to obtain a desired reticle
mil size for a given range. Examples are given
below:

a. Determination of the mil value at a
range of 1200 feet, wingspan set at 60 feet.

Wingspan setting mil value

range " 1,000 feet
60 _mil value
1,200~ 1,000

Mil value of reticle size =50 mils

b. Determination of wingspan setting to
obtain a 30-mil reticle with the range set at
1,100 feet.
__30

1,000
30x1,100

1,000
Wingspan =33 feet.

Due to manufacturing tolerances in the
mechanical caging mechanism, the caged pip-
per will not always be positioned exactly where
the zero prediction computing pipper (the 600
feet of range pipper position) was located. The
pilot should be aware of this discrepancy in
case he should have to use the fixed sight pic-
ture. In the A-1, the manual caged pipper can
differ as much as 7 mils from the zero predic-
tion pipper position. In the A-4 it may differ
as much as 5 mils. The correction is made by
alternately caging and uncaging the sight until
the caged pipper falls as near as possible to the
electrical cage pipper position. Only in this
manner can the pilot be assured that his caged
sight is properly alined with his guns. In later
models of the A-4 the electrical cage pipper
may be adjusted to coincide with the me-
chanical cage pipper position.

Wingspan
1,100

Wingspan =
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A-SERIES SIGHT GUNFIRE FUNCTION

Operational Factors

The operational factors of A-series sights
are known as inputs and corrections. Some of
the factors in the gun sight function listed be-
low are diagrammed in the accompanying
illustration.

InPUTS.

a. Range — radar or stadiametric (man-
ual).

b. Angular velocity of the aircraft about
the elevation axis.

c. Angular velocity of the aircraft about
the deflection axis.

d. Angular velocity of the aircraft about
the controlled line.

e. Atmospheric pressure.

f. Resultant linear acceleration, including
gravity, along the deflection axis.
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CORRECTIONS.

a. Velocity of the target.

b. Velocity of the attacking aircraft.

c. Relationship of the attacking aircraft
about the controlled line.

d. Gravity drop of the projectiles.

e. Air density.

f. Range.

Corrections a, b, and c are based on angular-

velocity components detected by the gyro-
scopic elements.

Correction d is based on the linear accelera-
tion of the aircraft as detected by the gravity-
drop accelerometer in conjunction with the
dynamic behavior of the prediction mechanism
itself.

Correction e is based on the effect of static
pressure on the aneroid bellows. The calibra-
tion is based on the assumption that the actual




pressure variation with changing altitude
follows the standard atmosphere.

Correction f is based on range information
on the assumption that the aircraft carrying
the sight follows the proper curve of pursuit
against a target that flies in a straight line
during the attack.

Radar range information is received auto-
matically during normal operation, and range
corrections are based on this information.
When the radar range information is not avail-
able, the sight takes the required range input
from the stadiametric ranging system, which
is manually operated by the pilot.

Two main inputs are needed by the sight to
provide an accurate prediction angle solution.
These inputs are target range information and
target motion information.

The flow of gunfire information throughout
the system is shown in the illustrations below
and on the following pages, and is explained
in the following paragraphs.

AFM 335-25 FEB 1956

Target Range Information Flow

The target range information is fed into the
range servo by either of two methods.

a. From the automatic radar range unit
which supplies high voltage for long ranges
and lower voltage for shorter ranges.

b. From the manual ranging twist grip
operated by the pilot. This supplies the same
type of range information as the radar.

The range servo receives the range informa-
tion, transforms it into the proper type of
electrical signal, that is, low current for long
ranges and higher current for shorter ranges.
The range is then delivered in usable form to:

a. The range channel of the amplifier.

b. The sensitivity channel of the amplifier
via the air density unit.

The range channel of the amplifier, amplifies

the range signal and delivers it to the range
motor in the sight head.

Operation of the A-1 Gun-Bomb-Rocket Sight as a Gunsight
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The range motor accepts the signal and
rotates the range motor shaft. This in turn
varies the size of the reticle and positions the
range dial telling the pilot the range to the
target.

The range motor pickoff measures the move-
ment of the range motor shaft and refers that
measurement back to the range channel. The
range channel compares this return input with
the original range input from the range servo.
When the two inputs to the range channel are
completely balanced out, the position of range
dial and the reticle size are held constant.

The range information, delivered to the
sensitivity channel of the amplifier by the
range servo, first passes through the air density
unit where it is corrected for changes in bullet
trajectory for altitude.

The air density unit makes a tiny addition
to the range current before it is transmitted to
the sensitivity channel. Because of the addi-
tion, the restraint applied to the gyro move-
ment for range is slightly increased as altitude
is increased, compensating for the increased
bullet velocity at the higher altitude.

The sensitivity channel receives the cor-
rected range signal from the air density unit,
amplifies it, and delivers the range information
to the stiffness units of the computer gyro
assemblies.

The current to the deflection stiffness unit
first passes through the TR-HI-LO switch
where it is modified for the target speed-to-
fighter speed ratio selected by the pilot.

The stiffness tnits of the gyro assemblies
utilize the range information by applying
restraint to the movement of the gyro assem-
bly computer shafts. This, in turn, restrains
the movement of the gyros a proper amount
in relation to the range to the target.

Aircraft Motion Information Flow

The aircraft motion information is received
by the gyros in the elevation and deflection
assemblies of the computer. These, in turn,
precess a proportionate amount in response to
the aircraft motion. They are restrained in the
amount that they precess by the range infor-
mation fed into their respective stiffness units.
The movement of each is expressed as a rota-
tion of their computer shafts. Within the
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gyros, the target motion information is com-
bined with the range input, cross roll, and the
gravity drop and trajectory shift corrections.
The components of the prediction angle are
computed by the gyros.

The deflection gyro assembly computes:

a. The deflection component of the lead
for target motion.

b. The correction for cross roll error.

c. A deflection component for gravity drop
while in a bank. '

The elevation gyro assembly computes:

a. The elevation component of the lead for
target motion.

b. The correction for trajectory shift.

c. An elevation correction for gravity drop
resulting from the action of the gravity drop
accelerometer.

Computed Prediction Flow

The amount the computer shafts rotate is
detected by the pickoff units which deliver
signals to the amplifier proportional to the
amount of shaft rotation.

The elevation gyro pickoff delivers its signal
to the elevation channel of the amplifier.

The deflection gyro pickoff delivers its signal
to the deflection channel of the amplifier.

The elevation channel amplifies that signal
and delivers it to the elevation torque motor
in the sight head.

The deflection channel, amplifies its signal
and delivers it to the deflection torque motor
in the sight head.

The respective torque motors combine their
information mechanically and position the
prediction mirror with the correct prediction
angle.

The torque motor pickoff units detect the
amount of shaft movement resulting from their
torque motor actions, and they relay their
measurements to the proper amplifier channel.
Within the elevation and deflection amplifier
channels, the balancing out of inputs takes
place, insuring proper positioning of the
prediction mirror.

The optical system supplies the sight pic-
ture, collimates all the light rays, and re-
flects the image onto the prediction mirror.
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The prediction mirror is offset from its
neutral position by the action of the elevation
and deflection torque motors. It is within this
unit that the two components of prediction
are combined into one prediction angle. From
here, the sight picture is reflected up to the
reflector plate presenting the sight picture and
proper prediction angle requirement to the
pilot.

The pilot must track the target for 24 the
time of flight of the projectile for the sight to
calculate the proper prediction requirement.
The accuracy of the calculation depends upon
the pilot’s tracking ability. The better the
tracking, the more accurate the prediction
angle computed by the sight.

A-4 SIGHT RATE-OF-TURN CHECK

The A-4 gunsight rate-of-turn check de-
scribed here is an in-flight check of the sight.
In areas where maintenance facilities, per-
sonnel and test equipment are lacking, this
check provides a simple and effective means of
determining whether or not the sight is per-
forming as it was designed to function.

The A-4 sight is much more complicated
than the K-14 or the Mk. 18. The in-flight
check, itself, may be compared to that per-
formed with the older single-gyro sights.
However, the calculations involved in deter-
mining the prediction angle requirement for
a given set of conditions are much more com-
plex.

Pilots performing the check should be selected
with care as it requires proficiency in the air-
craft and good technique in its employment.
Even experienced pilots will have to practice
making the check, to meet the prescribed con-
ditions exactly.

Preparatory Step

1. Mount the optical sight tester on the
sight head. This is a small unit which is nor-
mally part of the ground test equipment for
the sight.

2. Turn the TR-HI-LO switch to the TR
position.

3. Make sure that the pipper is located at
the zero index of the optical sight tester. If
it is not located there, make the proper adjust-
ment. The zeroing-in of the pipper must be
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done with the sight electrically caged. The
brightness of the indexes of the optical sight
tester can be varied by a rheostat arrangement.

4. The range must be 1,200 feet while the
check is being flown. There are several meth-
ods by which you may accomplish this.

a. Have the sight mechanic set the range
servo to read 1,200 feet and lock it there by
pulling the fuse. The advantage of this
method is that it releases your attention
from maintaining the proper range, and
allows you to concentrate on flying the
check correctly.

b. Set the throttle stop so that the
minimum throttle position will give 1,200
feet of range. This is the next best method.
You must hold the throttle against the stop
during the flight check, but you are still
relatively free to concentrate on the flight.

c. The third method is merely to twist
the throttle around to the 1200-foot mark
and attempt to hold it there. This is the
least accurate and requires more of your
attention than either of the two above. For
that reason, this method is not recommend-
ed, and should be used only as a last resort.
The results using this method should not be
considered conclusive evidence of the valid-
ity of the sight computations.

Flight Check

1. The basic requirement for an accurate
“in-flight” check is to establish a given set of
conditions prior to beginning the timing of the
turn. These conditions must be held constant
throughout the turn.

2. Climb the aircraft to 10,000 feet and
select a horizon landmark which will be useful
in noting the beginning and end of the 360°
turn. Remember that this test is predicated
upon your maintaining a constant rate of turn
at the prescribed altitude of 10,000 feet and
at an indicated airspeed of 350 m.p.h. or 304
knots. Power will have to be applied to main-
tain the desired airspeed during this turn, and
you must keep the altitude constant.

3. Establish the conditions above and pull
45 mils lead as indicated by the optical sight
tester prior to timing the turn. A stopwatch
will be helpful. Begin the timing of the turn
as the nose of the aircraft passes through the



check point, holding the 45 mils lead indication
throughout the turn. Cease timing the turn
when the nose of the aircraft once again passes
through the check point.

4. The sight picture during the flight check
should be as shown in the illustration below.

5. The turn should be completed in 60
seconds, and your job is to note the variance
in time. Plus or minus 10 seconds is considered
to be within tolerance.

Note: These condition figures should resuilt
from the 45-mil lead: 62.6° bank, 2.18 g’s. These
are for information only, and not for use during
the turn.

6. The check should be valid in either a
left or right hand turn.

Analysis of Results

If the sight prediction value of approxi-
mately 45 mils does not permit you to com-
plete the timed turn within the 10-second
tolerance period, the sight should be written
up as giving an erroneous prediction angle.

If it takes longer than the allowable limit,
70 seconds, the sight is overleading.

If it takes less than the allowable limit,
50 seconds, then the sight is underleading.

ANV TSN IS WY
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Sight Picture During Flight Check

A-SERIES SIGHT ROCKET FUNCTION

In recent years rockets have become in-
creasingly important elements in. aircraft
armament. Although rockets are less accurate
than guns, they provide increased striking
power for fighter aircraft. For this reason an
air-to-ground rocket computing system has
been included in the A-series gunsights. The
illustration below shows how the A-1 sight
is operated as a rocketsight.

Operation of A-1 Gun-Bomb-Rocket Sight as a Rocket Sight
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ROCKETFIRE

Operational Factors

Because released rockets somewhat re-
semble gun-fired projectiles, the gunfire con-
trol system of A-series sights can be used to
control rocket fire. When A-series sights are
used for rocket firing, many of the operational
factors (inputs and corrections) are similar to
those which govern the use of sights for gun-
firing.

INPUTS.

a. Absolute angular velocity about the
elevation axis.

b. Absolute angular velocity about the
deflection axis.

c. Absolute angular velocity about the
controlled line.

d. Linear acceleration along the deflec-
tion axis.

CORRECTIONS.
a. Gravity drop.
b. Target speed.

c. Wind velocity.
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d. Air speed of the attacking aircraft.

e. Range.

f. Dive angle of the attacking aircraft.

The above-listed operational factors are
diagrammed on this page.

However, certain corrections must be made
within the sight to compensate for conditions
which are peculiar to rocketfire. To under-
stand the changes made within the sight for
rockets, first consider the manner in which
rocket fire differs from gunfire.

Rocket Characteristics

From the standpoint of fire control, rockets
carried by aircraft are similar to bombs and
also to the projectiles fired from guns. They
are similar to bombs in that they commence
their independent flight with approximately
the same velocity as the aircraft from which
they are launched. When a rocket is fired, a
period of acceleration begins and continues
until the propelling charge is burned out. Dur-
ing this period, the rocket can be considered



to be a projectile fired from an ‘‘equivalent
gun” carried by the aircraft. Following the
burning period, the rocket behaves like a
projectile fired from a stationary gun with a
muzzle velocity equal to the aircraft velocity
plus the propellent-produced velocity.

The maximum velocity attained by an air-
craft rocket is considerably less than the maxi-
mum velocity of a caliber .50 machine gun
bullet. For example, a 5-inch HVAR (high
velocity aircraft rocket) attains a velocity
of approximately 1,350 feet per second. The
muzzle velocity of a caliber .50 bullet is more
than twice as great. Thus, over a given range,
the rocket’s time of flight will be much greater
than that of a bullet.

The fins of the rocket and the fact that it
leaves the aircraft at nearly the same speed
of the aircraft cause the rocket to aline itself
more closely with the flight path of the air-
craft than do bullets.

These factors, especially the slower velocity
of the rocket, indicate that over a given
range of fire, greater corrections are needed
for all the elements of the lead problem than
in gunfire. Gravity drop, lead for target mo-
tion (a moving target on the ground, or a
wind condition), and trajectory shift (F-
factor) will all need to be greater than for
bullets.

Moreover, the velocities and trajectories
of the different rockets will vary and must be
corrected for in the computed prediction angle.

Corrections for Rocket Characteristics

The following corrections have been in-
corporated in the A-1 and the A-4 gunsights
to compensate for the rocket characteristics.

ROCKET SENSITIVITY NETWORK. T'o compen-
sate for the decreased velocity of rockets, and
obtain greater corrections. for all the lead
elements, the restraint applied to the gyro
movement must be decreased. A decrease in
the stiffness applied to each gyro will provide
larger corrections in response to aircraft mo-
tion. The rocket sensitivity network does just
that.

When the rocket system is engaged, normal
range information is cut off between the air
density unit and the sensitivity channel.
The sensitivity network transmits a fixed
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current into the sensitivity channel for the
type rocket selected. That current is trans-
mitted to the stiffness units of the gyro as-
semblies.

In air-to-ground work all rockets are; fired
at approximately the same ranges (between
3,000 and 5,000 feet). It has been determined
that the desired accuracy may be obtained
merely by supplying an average range stiff-
ness to the gyros. The sensitivity network sup-
plies that average range signal. Changes in
range will not affect this current.

In composition, the sensitivity network con-
sists of a group of resistors to which a fixed
voltage is applied. Each resistor corresponds
to a particular rocket.

When a rocket is selected, the fixed current
is channeled through the resistor designed
for that rocket. The current that is remaining
after passing through the resistor is trans-
mitted on to the stiffness units of the gyros.
This will apply the proper restraint to the
gyro movement and allow the gyros to com-
pute the proper prediction for the rocket
selected.

The size of the resistor varies for different
rockets. The slow rockets have large resistors
that permit a smaller current to reach the
gyro stiffness units. The restraint applied
will then be small and the gyros will compute
a greater prediction angle requirement for the
slower rockets. Faster rockets have smaller
resistors that permit larger restraint currents
to be applied to the gyro movement. This re-
duces the size of the prediction angle com-
puted.

ROCKET DEPRESSION NETWORK. The gravity
drop accelerometer depresses the elevation
gyro considerably as a result of the decreased
restraint applied to gyro movement. This re-
sults in an added gravity drop correction.
The gravity drop accelerometer, however, is
calibrated for gunfire, and its gravity correc-
tion will be insufficient for rocketfire. To make
the gravity correction accurate it becomes
necessary to provide added lead by depress-
ing the prediction mirror an amount appro-
priate for each particular rocket and dive
angle selected. The rocket depression net-
work of resistors supplies this correction.

The rocket depression network is a system
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of resistors to which a fixed voltage is applied. It
contains two resistors for each type rocket that
can be selected. One is for a steep dive angle
depression, and the other is for a normal dive
angle depression. After a study of the effects
of gravity on a rocket trajectory, it was appar-
ent that more lead for gravity was required
in a normal dive than in a steep dive. Conse-
quently, the steep dive setting will always re-
sult in less depression than the normal setting.

The output of each resistor is applied to the
elevation torque motor pickoff current re-
turning to the elevation amplifier channel.
This addition to the pickoff signal results
in repositioning the prediction mirror with
the required depression for the rocket, range
and dive angle selected.

The depression supplied by the depression
network is that selected for a particular
range. (The exact ranges will be given later.)
In order for it to be accurate, a pilot must fire
his rockets at very nearly that range. Vary-
ing the firing range considerably from the one
selected will result in either overhsooting or
undershooting the target slightly.

Both the rocket sensitivity network of
resistors and the depression network of re-
gistors are components of the sight selector
units. In the A-1 that unit is referred to as the
rocket selector unit, in the A-4 it is called
the sight selector unit. These selector units
are discussed later in this section.

Flow of Information

The various sight selector units contain the
rocket sensitivity network and the rocket
depression network. The networks are shown
in the illustration on the next page.

When a rocket selection is made, the follow-
ing changes occur.

a. 'The range servo input to the sensitivity
channel is disconnected between the air den-
gity unit and the sensitivity channel. Since
all air-to-ground work is accomplished within
a small range of altitude, air density correc-
tions are unnecessary. At the same time, the
rocket sensitivity network of resistors trans-
mits a fixed voltage to the sensitivity amplifier
for the type rocket selected. This signal is
then delivered to the stiffness units of the
gyro assemblies.
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b. The rocket depression network de-
presses the prediction mirror by sending a
signal up to join the signal coming from the
pickoff of the elevation torque motor. The
two signals are combined and delivered to the
elevation channel, which in turn sends a
corrective impulse to the elevation torque
motor resulting in a depression of the mirror
for gravity drop.

Range information may be fed into the
range servo and up to the air density unit,
but it can progress no farther into the com-
puting system of the sight. Range informa-
tion will also be transmitted into the range
channel and on over to the sight head where
it will result in repositioning the range dial
and varying the reticle size.” This particular
channel is not interrupted in the change-
over to a rocket sight; however, this informa-
tion cannot affect the computing of the sight.
If anything, the constant changing of the
reticle size as the radar locks on and off the
ground, constitutes an annoyance to the
pilot. The pilot can prevent this action of
the reticle, if he desires, merely by twisting
the throttle twist grip out of detent and hold-
ing it in one constant position. That cuts
the radar out of the system and gives control
over the reticle size to the manual twist grip.

The current from the rocket sensitivity
network constitutes the range information
that is fed into the sight computer. It passes
through the sensitivity channel where it is
amplified, and on over to the stiffness units
of the elevation and deflection gyro assem-
blies. Here, it applies proper restraint to the
movement of the gyros.

Target motion information is fed into the
gyros as a force resulting from the turning
motion of the attacking aircraft as it tracks
the target. Within the gyros the range in-
formation and target motion information are
combined and generated into a deflection
component and elevation component of the
prediction angle. These components contain
the elements of lead for target motion, gravity
drop (partial correction), trajectory shift,
and cross roll correction.

The gyro pickoff units deliver the combined
prediction calculation to the elevation and
deflection channels of the amplifier.
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Rocket Selector Unit A-1 Sight

The information is amplified within the
amplifier channels and is delivered to the
elevation and deflection torque motors within
the sight head. These combine their actions
into the positioning of the prediction mirror.

The prediction mirror is held in a constant
depression by the action of the depression
network. The amount of the depression is
that addition required to supplement the
gravity drop accelerometer correction, and
to give an accurate gravity correction to the
pilot. The signals from the torque motors
further reposition the prediction mirror, add-
ing to its position the computed elements of
the prediction requirement. From here, the
reticle image is reflected on to the reflector
plate presenting to the pilot the required
prediction angle to hit the target.

Rocket Selector Unit in A-1 Sight

The rocket selector unit in the A-1 sight
is shown in the illustration above.

Whenever the sight is used in the gun or
bomb functions, the rocket setting unit pointer
is placed on the gun-bomb position.

When rockets are to be fired, the pointer
must be moved to the position indicated for
the type rocket being fired, and for the type
of diving pass that will be used on the firing
run.
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On the selector, “S” stands for steep dive
angle and is any dive angle from 40° to 60°
with 50° considered the average steep dive.
“N” stands for normal dive angle and is
any dive angle from 0° to 40°, with 28°
considered the average normal dive.

For each position selected, one of a set
of resistors puts in a constant stiffness voltage
to the gyro assemblies. This voltage will be
correct for the type rocket selected.

At the same time, the rocket depression
system in the unit depresses the prediction
mirror the proper amount for the rocket
selected.

Selecting a rocket position results in dis-
connecting the normal range servo informa-
tion and the air density information from the
sensitivity channel of the amplifier. The range
information flow through the range channel
is still complete to the reticle and range dial;
consequently, the radar or manual ranging
will still vary the reticle size and dial setting.
This has no effect on the computing, however.

The sensitivity furnished to the computer
and the additional depression input are based
on a predetermined range for firing. Because
the radar system cannot pick out specific
targets against ground return, radar informa-
tion and correct varying range information
is not available for rocket computation. The
A-1 operates with a fixed range setting chosen
to provide optimum aiming at a range of
4,500 feet for all its rockets. The range input
is relatively uncritical to the rocketfire com-
putation and thus will provide the desired
impact accuracy from about 4,800 feet into
the breakaway point.

The depression amounts (below zero pre-

diction sight line) for the various rocket set-
tings in the A-1 are as follows:

Setting Mils
5” HVAR, S 42
5” HVAR, N 51
3.5” AR, S 54
3.5” AR, N 68
5” AR, S 87
57 AR, N 110

Note: On later model rocket selector units,
the obsolete 3.5” AR has been replaced by the
2.25” SCAR. The depression amounts for both
the S and N positions remain the same.



The depressions above will differ when the
electrical cage button is depressed. The elec-
trical cage causes a high gunfire stiffness to
flow to the gyro assemblies. The resulting high
stiffness applied to the elevation gyro will
overcome the effect of the gravity drop ac-
celerometer, raising it and decreasing the
gravity correction applied to the elevation
gyro. Therefore, while in electrical cage, the
sight will not compute as a rocket sight since
gunfire stiffness is applied to the gyros, and
the depression will not be accurate for the
calibrated range. When in electrical cage the
following number of mils are subtracted from
the total depression:

5” HVAR, S & N, 21 mils

2.25” SCAR or 3.5” AR, S & N, 21 mils

5” AR, S & N, 28 mils

After the caged button is released, the
gravity drop accelerometer takes a few sec-
onds to depress the gyro down to the proper
depression for rocketfire (approximately 5
seconds for the A-1 rockets.) After it is fully
depressed, the pilot must track the target an
additional 3 seconds to insure that the pre-
diction angle is accurate.

In any discussion of depression amounts, it
is necessary to have a known reference. The
statement “20 mils depression,” means noth-
ing. Depression must be related to a known
reference. For example, ‘“20 mils depression
from fuselage reference line”” makes clear the
relationship of that amount to the rest of the
gunfire references. It is important to know
that the rocket depressions given above are
the amounts the pipper will depress below
zero prediction sight line. Zero prediction sight
line is the one that is used in harmonization.
It is the sight line that would exist at zero
range and no angular velocity. But this con-
dition can merely be approached with the
A-series sights; therefore, the 600-foot range
condition is normally considered the zero
prediction sight line. In the A-1 the electrical
cage is used for obtaining this reference; in the
A-4 the range drum must be placed at its
600-foot range mark. The rocket depressions
are the amount the pipper will fall below the
zero prediction sight line, that is, the 600-foot
range sight line.
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Nonvariable Scale Sight Selector Unit, A-4 Sight

It is possible to vary the depression amounts
set into the A-1 units to fit the needs of par-
ticular organizations by positioning the bore-
sight adjustment. But it is impossible-to vary
the depression of only one setting, leaving the
others unchanged. If one is changed 20 mils,
for example, all the others will reflect the 20-
mil change also. The amounts between the
various selections will remain constant. There-
fore, to change the depression of one selection
a desired amount, it is only necessary to vary
the first selection the desired number of mils.

Selector Units in A-4 Sights

Two types of selector units are used in A-4
sights. They are described in the paragraphs
which follow.

The nonvariable scale sight selector unit is
shown in the illustration above.

The sight function pointer should be posi-
tioned according to the function in which the
sight is going to be used. Selection of one po-
sition inactivates the other functions of the
sight.

The train-high-low switch is used only dur-
ing the gun function.

The inner workings of the rocket section of
the A-4 selector unit are similar to those in the
A-1. This section contains a rocket depression
system and a rocket sensitivity resistors unit.
These units operate in the same way and
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Variable Scale Sight-Selector Unit

accomplish the same purpose as the corre-
sponding units in the A-1.

The depression amounts in the A-4 selector
unit are listed below. They are the depressions

below zero prediction sight line.
Setting Mils
2.75” FFAR, N 22
2.25” FFAR, S 13
2.25” SCAR, N 68
2.25” SCAR, S 54
5” HVAR, N 51
5” HVAR, S 42

As in the A-1 rocket system, the electrical
cage will take out a part of the gravity
correction supplied by the gravity drop
accelerometer as indicated below:

2.75” FFAR, S& N, 8 mils
2.256” SCAR, S & N, 15 mils
5” HVAR, S & N, 14 mils

After the electrical cage is released, the
gravity drop accelerometer takes 2 to 5
seconds to reposition the elevation gyro with
the desired depression. After the pipper is
once again fully depressed, the pilot must
track his target an additional 3 seconds for
his prediction angle to be accurate.

The S and N positions for each setting are
designed for type of dive angle desired. The
limits for the two are the same as for the A-1.
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The range and airspeed conditions are as
follows:

Airspeed Range

(knots)  (feet)

2.75” FFAR 400 4,200
2.25” SCAR 350 3,000
5” HVAR 400 4,800

It is possible to change the amounts of
depression set into the selector by twisting the
B. 8. Adj. (boresight adjustment) screw on the
face of the selector unit. In this unit as in
the A-1, the amounts between the various
settings will remain constant. If one is changed
by a given amount, the others will also re-
flect that change.

The variable scale sight selector unit was
designed for the A-4 to allow the pilot to
select varying amounts of depression to fit a
particular firing condition. This unit provides
more versatility for the rocket function. The
unit is shown in the illustration to the left.

The guns, bombs, and rockets selector and
the TR-HI-LO switch serve the same pur-
poses in this unit as in the one previously
discussed.

Only one sensitivity resistor is contained
within the unit. Rather than providing proper
stiffness for all rockets, it provides an average
sensitivity that will suffice for all rockets used.

The variable scale is numbered in increments
of two, from 6 to 50, and the pilot may select
the depression he desires by positioning the
pointer. The scale may be used for different
dive angles and for varying ranges. The pilot
merely positions the pointer to obtain the
proper depression for the desired firing range
and dive angle.

The position of the variable scale pointer
indicates the amount of depression supplied
while the electrical cage button is depressed.
For instance, if the pointer is placed on 20,
the selector unit will provide 20 mils of
depression while the electrical cage is de-
pressed. When the electrical cage is released,
the pipper will depress an additional 4 mils
to give a total of 24 mils with the pointer still
at 20.

The selector unit scale may be boresighted
in any desired manner. The B. S. Adjustment
screw on the face of the unit permits the scale



to be positioned as desired to satisfy the
particular needs of different organizations.
After the selector unit scale is properly
harmonized, the pilot can refer to the proper
rocket depression tables and obtain the correct
scale setting for his particular type of rocket,
dive angle, range, and airspeed at the time of
firing. The next step is to position the pointer
to the proper setting, and the pilot is ready to
fire

After maneuvering onto final approach, the
pilot must release the electrical cage to
obtain the computing action of the sight. It
takes approximately 1 second for the added
4-mil gravity correction to be achieved. After
that, the pilot must track the target carefully
until he fires, to insure that the lead prediction
is accurate.

Shortcomings of Rocket System

Whenever one sighting unit is used to
compute the lead requirement for several
different types of projectiles, it will have a
few shortcomings for some of those projectiles.
The shortcomings of the rocket system are
as follows:

a. Because of the low stiffness of the rocket
system, it is essential that the pilot always
hold the electrical cage button down while he
is maneuvering onto the final approach for
firing. Otherwise, the reticle will likely dis-
appear from his field of vision. When the
electrical cage is released, it takes 1 to 5
seconds for the gravity drop accelerometer to
depress the pipper down to its proper position.
After that, the pilot must track the target for
an additional 3 seconds before he is assured
that his sight is giving an accurate prediction.
That brings the total time required, after he
is on final approach and the electrical cage is
released, to a minimum of 4 seconds and a
maximum of 8 seconds before firing.

Nore: It is possible to reduce this time by giv-

ing a sharp tug on the stick, putting positive g’s

on the aircraft. This causes the gravity drop

accelerometer to depress the pipper down to its
proper position in much less than the maximum
of 5 seconds. This corrective measure makes the
time element less of a disadvantage. However,

the pilot must still track the target for 3 seconds
afterward.

b. The roll error in rocket function is a
great deal more pronounced than it is in gun-
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fire function. Again this is a result of the de-
creased stiffness on the gyros. This adds to the
difficulty in tracking. The slightest movement
of the wings will result in an abrupt correction
for roll. This makes it extremely difficult for
the pilot to tell if he is actually tracking the
target properly during his final approach.

A-SERIES SIGHT BOMBING FUNCTION

In the development of the A-series gunsights
it was felt that an automatic computing sys-
tem for the bomb release point would be of
great value to the pilot. The system was de-
signed primarily to decrease the hazard of
bombing by increasing the altitude at which
pilots could bomb accurately.

Principles of Operation

The bombing system is designed to give the
pilot an automatic release of his bombs when
he has directed his aircraft to a tangent posi-
tion of the bomb trajectory by tracking the
target. If the pilot tracks the target with the
sight depressed, he will at some point in his
pass intercept a tangent position to the bomb
trajectory, and that will be the proper drop
point for his particular conditions of airspeed
and altitude.

The operational factors of the A-series
sights in the bombsight function are shown in
the diagram on the following page and are
listed below.

INPUTS.

a. Absolute angular velocity of the air-
craft about the elevation axis.

b. Absolute angular position of the air-
craft about the deflection axis.

c. Linear acceleration along the deflection
axis.

d. Components of gravitational accelera-
tion along the deflection axis.

e. Indicated air speed.

CORRECTIONS.

a. Gravity drop.

b. Target speed.

c. Wind.

d. Air speed of the attacking aircraft.
e. Dive angle of the attacking aircraft.
f. Range.

g. Trail
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The sight is calibrated and corrects for the
trail effect of the types of bombs normally
used. Corrections for minor variations in
trail, caused by bombs other than those nor-
mally used, can be made by a proper change in
the bomb-target-wind adjustment (BTW
scale).

No correction is made for cross trail, since
this effect is small in the type of fire control
problems to which A-series sights are applied.

When the A-1 sight is used, attacks are made
with the velocity vector of the aircraft pointed
very nearly toward the target, which accounts
for a low cross component of the relative wind.
Furthermore, because of high speed with ex-
pected dives of 30° or more, the projectile is in
flight for a much shorter time than in level
bombing at the same range. This reduced time
of flight leaves a shorter period for the wind to
effect the trajectory of the bomb. There is
some cross-trail effect but it is negligible.
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The wind correction is complete only if the
proper setting for the relative velocity of the
wind with respect to the target is properly
made with the BTW scale.

As indicated in the illustration of the opera-
tion of the A-1 sight on the next page, both
this sight and the A-4 model have airspeed and
wind corrections built into the bombing por-
tion. These corrections are utilized so as to
give the pilot an automatic drop point when
approximately a 15 g force is applied to the
aircraft. Due to the corrections within the
sight, if the pilot tracks the target correctly,
he will always encounter the tangent position
to the bomb trajectory at the same time that
his aircraft reaches the !4 g condition.

Note: There is a plus 1 g force on the aircraft
while flying straight and level. As the g forces
are decreased, the aircraft first passes through
a plus !4 g force condition, then a zero g force
condition, and then to the negative g conditions.
The plus !4 g condition is the one dealt with here.
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Operation of A-1 Gun-Bomb-Rocket Sight as o Bombsight

Bomb Drop Assembly

The bomb drop assembly is located in the
computer section of the gunsight. It is inactive
at all times except when the sight is set up in
bombing function. A schematic drawing of the
bombing assembly is shown below.

When the sight is put into bombing func-
tion, the ball at the end of the moment arm
engages the gymbal of the elevation gyro to
precess the gyro to its full stop. When the
proper conditions exist, at approximately 15 g
force, the forces of the bias spring and of the
gyro attempting to precess in response to the

Bombing Assembly
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aircraft turning rate overcome the torque
applied by the bomb drop accelerometer, and
allow the elevation gyro to right itself. At
that time, the bomb shackles are opened and
the bombs are released, if the bomb switch
is on AUTO and the bomb button depressed.

The airspeed bellows is connected to the
pitot-static system of the aircraft. It measures
true airspeed. As it expands or contracts it
mechanically repositions the bomb drop ac-
celerometer on the moment arm, thereby
varying the force required to raise the weight.
By so doing, it corrects for airspeed. This
varies the moment of the weight on the
moment arm, thereby requiring slightly more
or slightly less than a 14 g condition for the
bomb drop point. This results in varying the
drop point in accordance with true airspeed.

In the A-1 sight, the bomb-target-wind
(BTW) scale must be turned out of the
GUN-ROCKET position to activate the
bombing system in the computer. In the A-4,
the bomb system is engaged by placing the
pointer of the selector unit to BOMBS. The
BTW scale is used only for wind corrections.

The BTW scale makes corrections for either
tail wind or head wind. The deflection gyro
assembly corrects for cross wind. The pilot
locates the pointer of the bomb target wind
scale to correct for the wind that exists about
the target. If he doesn’t know the wind, he
places the pointer at its zero position. The
bomb target wind scale rotates a cam that
manually moves the entire airspeed bellows.
This in turn repositions the bomb drop
accelerometer on the moment arm correcting
for ground wind. This again varies the drop
point about the 14 g condition. It will cause
the bomb to be released later for head wind,
and earlier for tail wind.

A small calibrated weight (GEA neutralizing
weight) located on the moment arm neutral-
izes the effects of the gravity drop accelerom-
eter on the elevation gyro assembly.

The manual-automatic switch on the arma-
ment panel controls the method of releasing
the bomb. With the switch on AUTO, the
pilot may depress his bomb button at the
beginning of his bomb run and continue to
hold it throughout the pass. When the proper
release point is reached, the bombs will drop
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automatically. At the time of release, in the
A-1 sight, the reticle light source is extin-
guished and a “bombs away’’ red flasher light
will be reflected onto the reflector plate. In
the A-4, only the reticle is extinguished. These
signals are meant to inform the pilot that the
bombs have been released. With the switch in
MANUAL, the pilot must wait until the
sight indicates the proper drop point by the
disappearance of the reticle and the appear-
ance of the red flasher light. At that time he
depresses the bomb release button to drop
the bombs.

Flow of Information

The flow of information during the bomb-
ing function is shown on the following page.

The bombing system is engaged in the A-4
by moving the sight function pointer on the
selector unit to BoMB. In the A-1, it is engaged
by moving the pointer of the bomb-target-
wind scale out of the GUN and ROCKET
positions.

Five relays are activated when the bombing
system is engaged.

a. One of the relays cuts off all range
information to the computer by removing
the power to the stiffness units. This means
that there is no stiffness at all to gyro move-
ment. At the same time, the relay shorts out
three-fourths of the coils of the elevation
gyro stiffness unit so that when the electrical
cage is engaged, the stiffness unit will not
tend to move the gyro away from its stop.

b. Another relay grounds out one section
of the coils of the elevation torque motor.
This causes the torque motor to be driven
against its stop, which depresses the prediction
mirror at its full down position of 10°, that is
177 mils depression. This relay also disables
the reticle dimensioning and range dial
positioning system by disrupting the flow of
information from the range channel to the
range motor.

c. A third relay channels the outputs of
the elevation torque motor pickoff and the
elevation gyro pickoff through the elevation
amplifier and to the differential relay.

d. The differential relay has the char-
acteristic that it will remain open as long as
the current on both sides of it is equal. When
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the current on one side of it changes, the
relay will close and activate a fifth relay
within the sight.

e. In the A-1, the fifth relay extinguishes
the reticle circle image and activates the red
flasher, while in the A-4 it only extinguishes
the reticle picture. It also activates the
armament relay that opens the bomb shackles
to release the bombs.

The bomb drop accelerometer is made to
engage the elevation gyro gymbal when the
sight is put into the bomb function. It forces
the gyro to precess to its full stop. The
precession of the gyro results in the gyro
pickoff unit transmitting a fixed signal to the
elevation amplifier. Here it is channeled out
to the differential relay. The elevation gyro
and the prediction mirror have been adjusted
so that when they are both against their bomb
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stops, the signals from their respective pickoff
units are equal. Since both lead to the dif-
ferential relay, as long as their currents are
equal, that relay will remain open. As the
aircraft reaches the 4 g condition, the forces
of gyro precession and the bias spring over-
come the torque of the bomb drop accel-
erometer weight, allowing the gyro to right
itself. This changes the signal coming from the
elevation gyro pickoff. At that instant, the
signals to the differential relay are no longer
equal. That relay closes and then activates
the relays that extinguish the reticle, turn
on the red flasher, and open the bomb shackles
to drop the bombs.

The bomb shackles will open automatically
only if the pilot has the bomb release button
on the control stick depressed and the manual-
auto switch to AUTO.
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