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The Air Force demands precision and absolute
accuracy from the Bombardier. There is no middle
ground. You are either an expert or you are not a
bombardier. The importance of your responsibility
is obvious. You, and your pilot, have equipment and
training that will destroy the enemy.

This is your manual. It contains the combined com-
bat experience plus the teaching experience of
thousands of instructors. Study If. Learn l. Then,
when you enter combat there will be no doubt of
the results.

s WA,
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Fleets of bombers, operating thousands of
miles from their home bases, daily give new
effectiveness to strategy.

This objective is to get above the enemy
and drop destructive missles on him.

To get this “upper hold,” warfare began
with prehistoric man dropping rocks and
spears from cliffs and trees. As the years
went by and armies developed complexity in
make-up and methods, it was still found
advantageous to fight from heights. When
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SECTION 1

free-floating balloons appeared, it took no
imagination to foresee the possibilities of
shooting down at the enemy and of dropping
missles on him.

With the development of the airplane, men
realized that here, for the first time in his-
tory, was a weapon with which to get above
the enemy at any place and at any time. It
was apparent that the airplane’s range would
far exceed that of the finest artillery, or of
any known ground equipment.
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Air Attack in World War |

At the start of World War I, the airplane
was a frail craft with engines that needed
most of their power to get the airplane off
the ground and hold it aloft. For this reason,
the early airplanes could carry only a small
load of missiles. These were feather-weight,
compared to the present-day block-busters.

Pilots experimented for a time with steel
darts, which were dropped on ground person-
nel. The next development, small shells were
guided to their marks not by fins, as modern
bombs, but by small ropes which dangled
behind them like kite tails. Before the end of
World War I pilots began using fragmenta-
tion and incendiary bombs which weighed 15
to 18 pounds.

The pilot acted also as bombardier, and his
aiming methods were hit-and-miss—mostly
miss. A hit “on the nose,” indeed, was so
unusual as to call for a special celebration of
the event. In their bomb-aiming, many pilots
used references on the airplane itself, sight-
ing along struts or cylinders, and releasing
the bombs when the targets came into sight.
They found that their speed determined
whether the bombs fell short of the target
or beyond it. By the trial-and-error method,
they corrected their mistakes. Various drop-
ping angles for different groundspeeds were
represented by nails driven into the fuselage,
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There was no allowance for drift. So the
bombing runs were made either with the
wind or against it. Most pilots used a head-
wind, because it slowed their groundspeed.
This made it possible for them to get closer
to the target before releasing their bombs.

Engineers increased the bombload capacity
of airplanes by developing more powerful
engines. But this did not help solve a basic
problem: how to find the point in space at
which to release the bomb, in order to hit the
target. This problem became more acute, as
improved ground defenses forced the bomb-
ing airplanes to go higher and faster.

AAF officers saw that they would have to
find an accurate sighting device — and men
who could use such a device with consistent
efficiency—in order to make bombing effec-
tive.

1—1—2
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WORLD WAR | BOMBSIGHT

Improvement in Bombsights

By the end of World War I, engineers had
developed simple bombsights. These sights
were not comparable to the present synchron-
ous sights, but they produced results accu-
rate enough to insure the future of air bom-
bardment.

It is impossible to outline briefly the im-
provements that have been made in bomb-
sigchts and other bombing equipment in the
past 25 years. Volumes would be needed to
tell only of one great achievement—how bril-
liant American engineers, mathematicians,
physicists, and airmen solved the problem of
designing an accurate bombsight. This task
in itself required years of trials and tests.
Discouragements were many, progress slow.

With the bombsight completed it took the
best efforts of American industry to learn
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how to build these intricate devices to the
close tolerances required, and in the large
numbers called for by global war.

Avoid the common impression that the
bombsight is a super-human, magie-brain
device. True, it is an ingenious, precision
mechanism; but it definitely is not a miracle
machine which requires a miracle man to
operate it. Nor is it a device which relieves
its user of all responsibility. What it does
is to solve understandable problems in an
understandable manner.

Other equipment you will use includes the
electronic co-pilot, which holds the airplane
on its course; the computers, which save the
time and trouble of making paper-and-pencil
calculations; the intervalometer, which en-
ables you to drop a train of accurately-spaced
bombs, and oxygen equipment which makes
it possible for you to ascend to altitudes
higher than man ever went before.

You can match the excellence of this equip-
ment only by cultivating your skill in han-
dling it. This skill will qualify you for mem-
bership in that great group of men, the bom-
bardiers, who have proved beyond question
the ability of the AAF to pin-point ammuni-
tion dumps on tiny atolls in the Pacific, to
destroy ships at sea, to blast bridges: and
communication lines far beyond artillery
range, and to lay a ruinous pattern of fire and
explosives on ANY of the enemy’s industrial

areas.
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INTRODUCTION

Before the invention of airplanes, the prin-
cipal means of dropping explosives upon the
enemy was the long-range cannon. An air-
plane, in effect, advances the range of a can-
non. Bombing is really aerial artillery.

In order to make a shell drop on a certain
point, a cannon must hurl it up into the air,
so that the path of the shell, or the trajec-
tory, describes a wide arc in its flight through
the air. The essential difference between fir-
ing a shell and dropping a bomb is that the
airplane carries the bomb up into the air and
releases it at the highest point of the trajec-
tory. From that point on, the bomb follows
the same downward path as the shell.

To make your bomb hit the target, the only
thing you have to do is find the proper point
in space from which to release it. Actually,
the bombsight will find this point and release
the bomb for you, provided that you put the
proper data into it.
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A thorough study of bombing theory, how-
ever, will enable you to understand what data
must be set into the sight, how you set it in,
and how the bombsight uses it to solve the
bombing problem.

The bombing problem has two parts: the
course problem and the range problem.
Course means that the bomb must travel in
the right direction, that is, toward the tar-
cet. Range means that it must be released
the correct distance back from the target, so
that it will not fall short of the target or
over it.

The course problem is fairly simple. A
bomb always falls in the direction in which
the airplane is headed at the moment of
release. Therefore you solve your course
problem by putting your airplane on the cor-
rect heading.

To understand the range problem, you
must know something about falling bodies.

RESTRICTED
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FORCES ACTING
ON THE BOMB

The moment a bomb is released from an
airplane, a number of forces begin acting
upon it. These forces are: (1) gravity, (2)
airspeed, (3) air resistance, and (4) wind.
The result of these forces determines the
path the bomb will follow and the point of
impact.

Gravity

Gravity pulls the bomb toward the earth
at a continually increasing speed. It exerts
the same force on all bodies, whatever their
size, shape, or weight.

True Airspeed

At the same time that gravity is pulling
the bomb downward, velocity is driving it
forward. Remember that the airplane is trav-
eling at a definite speed with respect to the
air. Since the bomb is a part of the airplane
up to the moment of release, it leaves the air-
plane with the same forward velocity. In
bombing, this forward velocity of the air-

plane and the bomb relative to the air is
called true airspeed (TAS).

Remember that gravity and true airspeed
are acting on the bomb at the same time.
During the time between release and impact
the bomb follows a path between the direc-
tion of these two forces. This time is called
the actual time of fall (ATF),

Air Resistance

The third force affecting the bomb in its
flight is one which acts against the first two.
This force is air resistance. While true air-
speed is driving the bomb forward, the air
through which the bomb moves is resisting
this motion. In other words, the air pushes
back against the bomb, causing it to lag
behind the airplane. The distance on the
ground resulting from this resistance to the
forward motion of the bomb is called hori-
zontal lag.

In the same way, air resistance acts
against the force of gravity. This resistance
tends to keep the bomb in flight longer. Dur-
ing the extra time required for the bomb to
fall, the airplane continues to move forward.
The distance on the ground over which the
airplane travels during this extra time is
called vertical lag.

TRUE AIR SPEED

GRAVITY

TRAIL

The sum of these two distances on the
ground is called trail (T). This is a good name
for it, since it is the distance the bomb has
trailed behind the airplane that dropped it.
Trail is the horizontal distance measured on
the ground from the point of impact to a
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AIR RESISTANCE

point directly beneath the airplane at the
instant of impact.

The amount of trail for various bombing
altitudes, true airspeeds, and types of bombs
has been determined by trial and error and
is given in your bombing tables.
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Remember that trail is the result of sev-
eral forces which are acting on the bomb.
While true airspeed is driving the bomb for-
ward, air resistance is tending to hold it
back; while gravity is pulling it down, air
resistance is tending to hold it up. If true
airspeed increases, the resistance of the air
increases; thus the horizontal lag is greater.
Therefore:

As true airspeed increases, trail increases.

In the same way, if the downward velocity
increases, the resistance of the air to that
force increases and the vertical lag is greater.
Since the downward velocity depends on the
bombing altitude from which the bomb is
dropped:

As bombing altitude increases, trail in-
creases.

The amount of resistance which the air
offers to the bomb depends on the size and
shape of the bomb. Ordnance engineers class-
ify bombs into different types according to
the ballistic coefficient of the particular
bomb, which means the relative amount of
resistance the air offers to it. A bomb with a
high ballistic coefficient falls faster and with
less trail than a bomb with a low ballistic
coefficient. Therefore:

As ballistic coefficient increases, trail de-
creases.

ACTUAL TIME OF FALL

The actual time of fall (ATF) of the bomb
depends primarily on the exact height of the
airplane above the target, or the vertical dis-
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tance which the bomb must fall, but it is also
affected by true airspeed and bomb ballisties.
The actual time of fall for each bombing alti-
tude, true airspeed, and type of bomb has
been determined by trial and error and is
given in your bombing tables. Whenever you
look up actual time of fall in your tables, be
sure you have the correct bombing altitude,
true airspeed, and type of bomb. Remember:

‘ bombing altitude increases.
true airspeed increases.
| ballistic coefficient decreases.

ATF
increases as

Trail and actual time of fall are the two
factors you must set into your bombsight.
You set actual time of fall into the M-Series
Bombsight as a disc speed, but when using
some sights you set in the actual time of fall
directly. You set trail into the bombsight as
a mil value. The tables give you the correct
actual time of fall or the correct disc speed
for each bombing altitude, true airspeed, and
type of bomb. Similarly, the tables give you
the correct trail for each bombing altitude,
true airspeed, and type of bomb.

Therefore, before your sight can do any-
thing for you, YOU MUST KNOW ACCU-
RATELY your bombing altitude, true air-
speed, and type of bomb. Once you have
obtained from the tables your correct trail
and actual time of fall and have set them into
the bombsight, you must synchronize for
course and range. If you do these few things
correctly, the bombsight will automatically
solve the bombing problem. It will find the
correct point in space for the bomb release,
and will release the bomb at that point.

1—2—3
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Before considering wind, the fourth and
final force on the bomb in its downward
flight, you must understand certain funda-
mental bombing terms. Be sure that you get
them thoroughly. They are terms you must
use every day.

Whole Range and Groundspeed

In the first place, you must understand the
term whole range (WR). Whole range is the
horizontal distance traveled by the airplane
from the moment the bomb is released until
the bomb strikes the ground. To measure the
distance covered by a moving object in a
given time, you multiply the time by the rate
at which the object is moving. Whole range
is measured on the ground. Therefore, the
rate you use is the rate at which the airplane
is moving with respect to the ground. This
rate is called groundspeed (GS), and in com-
puting whole range, groundspeed must be in
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feet per second. The time used is the actual
time of fall, and it is given in seconds. There-
fore:

WR = GS (ft/sec) x ATF

Suppose that a bomb is dropped from an
airplane traveling at a groundspeed of 150
mph, and that the bomb takes 20 seconds to
reach the ground. In order to find the whole
range, you must first change your ground-
speed of 150 mph to feet per second. To do
this, multiply 150 by

5,280 (ft.in a mile) 88 22

3,600 (sec. inanhr.)’ 60 ¥ 15
The groundspeed in this problem is therefore
220 feet per second. Then 220 X 20 = 4,400
ft. whole range. In other words, the airplane

flies 4,400 ft. while the bomb is falling.

Actual Range

Actual range (AR) is the horizontal dis-
tance that the bomb travels from the moment
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T T T T POSITION OF PLANE '

AT TIME OF IMPACT l,'
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of release until the moment of impact. Since
the bomb lags a certain distance behind the
airplane (trail), you can find actual range by
subtracting trail from whole range.
AR=WR—T

If your whole range is 4,400 ft. and you find
by using your bombing tables that your trail
is 270 ft., your actual range is 4,130 ft. While
your airplane is traveling 4,400 ft. forward,
the bomb travels only 4,130 ft. forward.

Line of Sight

Whenever you look at the target through
your bombsight, yvou are looking along a line,
from bombsight to target, which is called the
line of sight. As your airplane moves toward
the target, of course your line of sight
changes.

When you have set up the proper course
toward the target, you have yet to find the
actual range, that is, the correct distance
back from the target that the bomb must be
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released in order to score a hit. If you set the
proper data into the bombsight, it solves this
problem for you automatically. It measures
an angle which subtends actual range, there-
by locating the proper point in space for the
bomb’s release.

Sighting Angle

To do this, the bombsight sets up a verti-
cal line of reference between itself and the
ground. The angle between this vertical ref-
erence and the line of sight at any instant is
called the sighting angle. As the airplane
approaches the target, the line of sight
sweeps toward the vertical and the sighting
angle grows smaller.

Dropping Angle

The particular sighting angle set up by the
bombsight at the instant of release is called
the dropping angle (Drop /). The dropping
angle is the angle formed between the line of

1—2—5
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WHEN SIGHTING Z EQUALS
DROP Z, BOMB IS RELEASED

sight and the vertical reference at the instant
the bomb drops from the airplane.

True Vertical and Bombsight Vertical

If you operate the bombsight correctly, it
will establish as the vertical line of reference
a line which is the true vertical, that is, a line
which is exactly perpendicular to the ground.
If you do not operate the bombsight cor-
rectly, the line of reference it sets up will not
be true vertical. But remember that the
sighting angle and the dropping angle are
measured from the vertical reference set up
by the bombsight, whether this is the true
vertical or not.

Range Angle

The range angle is the angle between the
line of sight and the true vertical. At the
instant of release, this angle differs from the
dropping angle by the amount the vertical
reference is out of the true vertical.

Actual Range Angle
The actual range angle (AR /) is the angle
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which subtends the actual range of the bomb.
This means that the lines which form the
angle strike off on the ground the actual
range distance. If the bombsight sets up a
true vertical reference and the bombing prob-
lem has been properly solved, the dropping
angle is the same as the actual range angle
and also subtends the actual range of the
bomb.

Whole Range Angle

The whole range angle (WR /) is the angle
which subtends whole range. It is measured
from the true vertical at the instant of re-
lease.

Trail Angle

The angle which subtends trail is called the
trail angle (T /). In bombing, trail is given
and used in terms of mils.

Tangent Values of Angles

Angles can be measured by using what is
called the tangent of the angle, and this is
the method the bombsight uses. The tangent
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of an angle in a right triangle is the number
you get when you divide the length of the
side opposite the angle by the length of the
side adjacent to the angle.

opposite side

Tengent = adjacent side

Reading Angles from the Bombsight

The particular tangent which you can read
from the bombsight is the tangent of the
dropping angle (Tan Drop /). The side oppo-
site the dropping angle is the actual range,
and the side adjacent to the dropping angle
is bombing altitude (BA).

Therefore,
Tan Drop / = g{"
In the same way,
TanT/ = T—%%

Since the trail angle is comparatively
small, it is measured in mils (pf) rather than
in degrees. A mil is an angle whose tangent
is 0.001. An angle of 3 mils has a tangent of
0.003; an angle of 35 mils has a tangent of
0.035. One mil subtends a distance on the

ground equal to 1/1,000 of the BA. At 1,000

VERTICAL
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ft. BA, 1 mil of trail subtends 1 ft. on the
ground. At 8,000 ft., 50 mils of trail subtends
400 ft. Therefore:

Tan T/ — T (in mils)

1,000 i
T (in ft.) = T (in mils)—im—ﬁ
Since whole range equals actual range plus
trail, then:

WR AR T !
BA — B + BA Therefore:
-‘g—f-z TanDrop/ +TanT/ = Tan WR /

When you desire to find the whole range
that the bombsight has measured, you must
compute it from the tangent of the whole
range angle which subtends it. You find the
tanget of the whole range angle by adding
the tangent of the trail angle to the tangent
of the dropping angle. You can read the tan-
gent of the dropping angle directly from the
bombsight. The trail angle is read and can
be converted to a tangent value by dividing
by 1,000. The tangent of the whole range
angle is equal to the whole range divided by
the bombing altitude. Therefore:

WR = Tan WR / X BA

=

17.5 mils 18pi  20pi 24

30 pm 43 p 721

RANGE in mils 0 176pf 364p 577

DROPPING ANGLE TANGENT X 1000 = AR in mils
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1,192 mils 1,372 mils
BA

—=VALUE OF A mil IN FT
1000
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SOLUTION OF THE RANGE PROBLEM
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It is necessary to know the bombing alti-
tude, true airspeed, and type of bomb to find
from your bombing tables the trail and actual
time of fall to set into your bombsight. By
keeping the line of sight on the target, you
solve for groundspeed. This is called range
svnchronization. The actual time of fall set
into the bombsight is automatically multi-
plied by the groundspeed obtained through
synchronization to solve for whole range.
During this operation the trail that was pre-
viously set into the sight is automatically
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WHOLE RANGE
solved by bombsight
from GS x ATF

subtracted from whole range, leaving the
measurement of actual range. During this
operation the bombsight sets up the dropping
angle which subtends this actual range.
When sighting angle reaches dropping angle,
the bomb is released automatically.

In addition to gravity, forward velocity,
and air resistance, there is a fourth force act-
ing on the bomb in its flight and affecting its
trajectory. This is the speed of the wind.
Consider first the simplest wind conditions:
tailwinds and headwinds.
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HEADWINDS AND TAILWINDS

The first thing to notice about a headwind
or tailwind is that it does not affect the true
airspeed of the airplane. Sin~e trail depends
only on true airspeed, bombing altitude, and
type of bomb, neither a headwind nor a tail-
wind has any effect on the amount of trail.

Groundspeed is the factor which is affected
by a headwind or a tailwind. If your airplane
is flying at a true airspeed of 150 mph, with
a tailwind which pushes the air forward at
10 mph, then the airplane’s speed over the
ground is 160 mph. Since whole range is
found by multiplying groundspeed (in feet
per second) by the actual time of fall, an
increase in groundspeed causes an increase in
whole range. Actual range is also increased,

TAILWIND CAUSES
AN INCREASE
IN ACTUAL RANGE

RESTRICTED
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since actual range is found by subtracting
trail from whole range. Therefore, a tailwind
causes an increase in whole range and a cor-
responding increase in actual range.

When your actual range is increased, you
must drop your bomb at a greater distance
from your target in order to hit it. This
means that the dropping angle must be
greater. When there is a tailwind your bomb-
sight sets up a dropping angle with a larger
tangent. ;

When your airplane flies directly into a
headwind, all these results are reversed. The
groundspeed is less, and your actual range is
smaller. Your bombsight therefore sets up a
smaller tangent of the dropping angle.

HEADWIND CAUSES
A DECREASE
IN ACTUAL RANGE

1—2—9



RESTRICTED

CROSSWINDS

When you have a wind from any direction
except from dead ahead or directly behind
the airplane, drift enters the bombing prob-
lem. Wind is the movement of the entire body
of air surrounding the airplane. When the
wind moves to the right, the airplane moves
to the right. This is called right drift. Sim-
ilarly, if the body of air is moving to the left,
the movement of the airplane is described as
left drift.

In order to make good a certain path over
the ground (true course) when there is a
crosswind, the pilot crabs the airplane inte
the wind. That is, he heads the airplane up-
wind sufficiently to compensate for the effect
of drift. The angle formed between true
heading and true course is called the drift
angle.

At the moment of release, true airspeed is
driving both the airplane and the bomb in the
direction of heading. Immediately on release,
air resistance begins to reduce the forward
velocity of the bomb. The engines, however,
continue to drive the airplane forward at the
same true airspeed as at bomb release. The
speed of the wind causes both airplane and
bomb to drift the same distance away from
the true heading. Therefore the bomb always
lags behind the airplane in the line of head-
ing. The bomb will strike the ground behind
the airplane, along the longitudinal axis of
the airplane, and downwind of true course.

(rosstnadl

If the airplane made good a true course
which would pass directly over the target (a
collision course), the bomb would strike the
ground downwind of the target. The airplane
must therefore make good a true course up-
wind of the target. The distance between the
true course of the airplane and the collision
course is called erosstrail (CT). Crosstrail is

measured from the point of impact to the
true course.
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The bombsight automatically measures
crosstrail for you. Crosstrail depends on trail
and drift. To make its computation, the
bombsight uses what is called the sine of the
drift angle. The sine of an angle in a right
triangle is the number you get when you

.divide the opposite side by the hypotenuse.
The side opposite the drift angle is the cross-
trail; the hypotenuse is the trail. Hence the
sine of the drift angle is the crosstrail divided
by trail. Therefore:

CT =T x Sin Drift /

The bombsight can compute crosstrail be-
cause you have set trail into it and have auto-
matically set up the drift angle when you set
up your course. Naturally, if there is no drift
there will be no crosstrail. In the same way,
if you forget to set in trail, the bombsight
cannot compute crosstrail for you. Therefore
you MUST remember to set in trail, because
if you do not your bomb will fall not only
short but also downwind of the target.

RCCT

You must notice one final fact about the
effect of crosswind on the bombing problem.
In the crosstrail drawing, the point of impact
of the bomb is shown a small distance over
the target. Although the distance is exagger-
ated in the drawing, nevertheless this error
is always present in all computations per-

AR
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formed by modern bombsights whenever a
crosswind is present. The error is called
range component of crosstrail (RCCT). It
results from the fact that the bombsight
measures trail along the course of the air-
plane, whereas when there is a crosswind,
trail actually occurs along the line of heading.

When there is no crosswind, heading and
course coincide; there is no crosstrail and no
RCCT. But when wind and crosstrail exist,
the bombsight still measures trail along the
course. If you measure from a point on the
ground directly beneath the airplane at the
moment of impact back along the course to
a point opposite the target, you have the trail
as solved for by the bombsight. But if you
measure this same distance back along the
heading . of the airplane, you find that this
trail distance does not reach the target. In-
stead, it reaches to a point on the collision
course ahead of the target. The distance from
the target to this point of impact ahead of
the target is the range error “over,” known
as RCCT. The equation for computing RCCT
18:

RCCT = T(1 —Cos Drift /)

Notice that RCCT depends on trail and the
amount of drift. In low and medium altitude
bombing, trail and drift are usually small
enough that the “over” caused by RCCT is
negligible. RCCT produces significant errors
when a high-speed bomber, flying at a high
altitude, encounters a large drift.

NO, NO, HICGENBOTTOM,

THE BOMBSICHT
MEASURES CROSSTRAIL
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THE MOVING TARGET

A moving target is often the object of
attack. If you attack a target which is mov-
ing in a straight line at a constant speed, no
new element is introduced into the bombing
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problem. A target moving away from the air-
plane in the same line as the airplane’s course
presents the same problem as a stationary
target when a headwind is blowing. Similarly,
a target moving toward the airplane along
the course is like a stationary target when a
tailwind is blowing. Also a target moving in
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a straight line across the course presents the
same problem as a stationary target with a
crosswind blowing from the direction oppo-
site to that in which the target moves.

Remember that a bombsight develops
whole range, actual range, and dropping
angle by analyzing the speed of closure be-
tween itself and the target, that is, the speed
at which the distance between them is closed.
When the target is stationary, the speed of
closure is the same as the groundspeed of the
airplane. When the target is moving, the
speed of closure is the groundspeed of the
airplane plus or minus the groundspeed of
the target.

When an airplane traveling at a ground-
speed of 150 mph is overtaking a train re-
treating at 50 mph, the airplane is actually
closing with the train at a speed of 100 mph.
The bombsight solves for this speed of clos-
ure in setting up the dropping angle. When
the train approaches the airplane, the speed
of closure is 200 mph and consequently the
dropping angle is larger.

If the train moves in a straight line across
the track of the airplane, the bombsight han-
dles the situation just as if the target move-
ment were drift caused by a crosswind. In
fact, in setting up your course you could not
tell the difference between a left drift and an
actual target motion to the right. In either
case you must crab the airplane to the right

RESTRICTED

—
—
——

—————
—— -

RESTRICTED

and set up a course to right of target.

If you had a target moving diagonally
across the course and at the same time a
crosswind blowing, it would be very hard to
determine the speed of closure mathemati-
cally. But, you do not have to worry about
such a problem. The bombsight automatically
solves it and determines the correct course
and dropping angle.

However, there are two situations involv-
ing moving targets which the bombsight can-
not handle adequately. First, if the target
keeps changing its speed, the bombsight can-
not synchronize for rate or determine the
amount of crab required, and thus cannot set
up the correct course or dropping angle. Sec-
ond, if the target does not move in a straight
line, the bombsight cannot set up either
course or dropping angle accurately, since it
has no means of predicting where the target
will be at the time of impact.

If you try to bomb a target which is
maneuvering, the only thing you can use in
solving your bombing problem is the experi-
ence of AAF bombardiers. They have discov-
ered that to hit a maneuvering target you
must aim to the rear of the target movement
and inside its turn. The only way to become
proficient in bombing targets of this sort is
to put in a great deal of practice on the bomb-
ing trainer and have actual bombing experi-
ence.

ON A MANEUVERING TARGET
AIM TO THE REAR OF THE TARGET
MOVEMENT AND INSIDE ITS TURN

1—2—13
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THE GYROSCOPE

Your airplane pitches, turns, and rolls. You
couldn’t synchronize your bombsight with
precision, if you did not have some means for
holding the sight in a steady, fixed position
relative to the earth. The gyroscope is the
only device that will hold your sight in a firm,
stable position, regardless of the movements
of your airplane.

A gyroscope is simply a spinning flywheel.
Well balanced, this wheel revolves around its
only fixed point, its center of gravity. It is
free to turn or tilt in any direction about this
point.

T

RIGIDITY

One of the gyroscope’s characteristics is
rigidity: its tendency to hold a fixed position
in space. When the gyro wheel spins at a
high speed, the spinning axis remains in the
same direction unless some outside force is
applied to it. Properly mounted gyros are
used, for this reason, as an aid in maintain-
ing direction; but this direction may be
changed by applying some outside force.

Three factors determine a gyroscope’s

1—3—1

strength or the amount of rigidity: the
weight of its wheel or rotor, the distribution
of this weight and the speed at which the
rotor spins.

Rigidity is increased by adding to the
weight of the rotor. A gyro with a heavy
rotor has more rigidity than one with a light
rotor, if their speed is the same.

Rigidity is increased if the weight is dis-
tributed on the outer rim of the wheel, as far
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from the spin axis as possible.

Finally, rigidity increases as the speed of
the rotor increases. A slowly spinning rotor
gives the gyro little or no rigidity. An ex-
ample is a boy’s top which wobbles and then
falls over on its side when its speed of rota-
tion decreases.
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APPARENT PRECESSION

Rigidity causes the gyro’s spin axis to
point in a fixed direction. However, as the
earth turns under the gyro, the axis of the
gyro appears to tilt.

Suppos'e you have a gyro at the equator.
At noon its spin axis is horizontal. At 6 P.M.,
the axis is vertical to the earth. By mid-
night the gyro is upside down from its noon
position. It appears that the gyro has turned
over; this is an illusion.The earth has turned,
not the gyro’s spin axis, which is the same at
midnight as it was at noon.

This movement of the earth in relation to
the gyro is called apparent precession.

The greatest amount of apparent preces-
sion is at the equator. There, in 4 minutes, a
gyro will apparently precess 17.45 mils. The
amount of apparent precession decreases as
you move from the equator toward the north
or south poles where apparent precession is
zero. You can determine, in mils, the amount
of apparent precession that takes place in
4 minutes in any latitude, by using this equa-
tion: 17.45 X cosine of the latitude.

Remember that in apparent precession, the
earth moves in relation to the gyroscope. In-
duced precession, however, means movement
of the gyro in relation to the earth.

6 AM.
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INDUCED PRECESSION

GYRO PRECESSES 90° FROM

POINT OF APPLIED PRESSURE
IN THE DIRECTION OF

ROTATION.

To change the position of a gyro, you apply clockwise. If you push the top of the spin
enough foree to overpower its rigidity. But axis toward the 3:00 o’clock position, the

the gyro’s spin axis does not move in the gyro does not tilt in that direction. Instead,
direction in which the force is applied, as you it tilts toward the 6:00 o’clock position.
would expect. Instead, it moves at a right A good way to remember the Law of Pre-
angle to the applied force and in the direction cession is: Place your fingers in the direction
of the gyro's rotation, This is known as the of rotation and point index finger in the di-
Law of Precession. rection of the applied force, your thumb will
Suppose you have a gyro that is spinning extend in the direction of precession.
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INTRODUCTION

A good bombing team is one that con-
stantly improves with practice and study. If
you are a good bombardier you do not make
the same error over and over again. When
your bomb misses its mark, you must try to
find out why. You will have to study all the
data you have recorded for that particular
release.

It is only by first determining the cause of
a bombing error that you can prevent it from
happening again.

Remember, your job is to hold bombing
errors to a minimum and to eliminate them
wherever possible. Your team is only as good
as you are. Your mission is not successful
unless your bomb hits the target. When it
misses, your pilot, your navigator, your gun-
ners, the ground crew, the ordnance men who
loaded your bombs—everyone who had any-
thing to do with your mission—might just
as well have taken the day off and stayed
home in bed!

When you cut your probable errors in half,

O

RESTRICTED

RESTRICTED

you become four times as valuable a bom-
bardier !

With experience, you learn what causes a
given error merely by viewing the impact
and reading the data from your sight. At
first, however, you will do most of your bomb-
ing analysis on the ground, after the mission,
and from data which you yourself have re-
corded on the 12C form. For this reason, your
data must be as complete and accurate as
possible. Start writing it down as soon as you
call “Bomb away.”

Record ALL the Data on 12C CORRECTLY.

There are two methods of bombing: (1)
synchronous and (2) fixed-angle. Errors, for
the most part, are the same in each type.
In certain cases, however, the thing which
causes a given error in synchronous bombing
causes an error in just the opposite direction
in fixed-angle bombing. For this reason, the
errors associated with each method will be
discussed separately.

7))
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In synchronous bombing the bombsight
automatically solves your groundspeed and
dropping angle. Most of the errors occur
when you compute incorrect data, when you
operate the bombsight incorrectly, or when
your bombsight does not function properly.
There are six major causes of errors in syn-
chronous bombing: (1) improper vertical, (2)
improper actual time of fall, (3) improper
trail, (4) improper course, (5) improper rate,
and (6) improper release.

IMPROPER VERTICAL

The vertical gyroscope in the M-Series
bombsight stabilizes the optics against the
roll and pitch of the airplane. It establishes
a vertical reference to the ground from which
to align the course and measure the dropping
angle.

To establish a vertical reference to the
ground, you try to align the spin axis of the
sight gyro with the true vertical. Your accu-
racy in this operation has much to do with
the accuracy of your bombs. Your dropping

1—4—2
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angle must be measured from the true ver-
tical reference line for your bomb to hit the
target.

But when you do not align the spin axis
with the true vertical — that is, when you
establish an improper vertical — your bomb
misses. It misses because the bombsight has
measured the dropping angle from the wrong
reference line. The effect is the same as if
you had set incorrect data into your sight.

You can tell whether your gyro is in the
true vertical by looking at the position of
the bubbles, which are in two spirit levels
mounted on top of the gyro housing. If each
bubble is centered under its lubber line, the
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gyro gives a true vertical reference. When
properly centered, the bubble is cut in half
by the lubber line. If one end of the bubble
is under the lubber line, the bubble is one-
half bubble length off. To read the bubbles
accurately, be sure the airplane is flying
straight and level and at a constant airspeed.

You use the leveling knobs to center the
bubbles. Once the gyro is leveled during the
bombing run, it will tend to remain level.
Likewise, the gyro is out of the vertical when
the bubbles are not centered, and it will tend
to remain out of the vertical until they are
centered.

LATERAL BUBBLE

The lateral bubble indicates the position of
the gyro when the airplane is flying straight
and level. When the gyro tilts, the bubble
moves toward the higher side of the gyro. If
the top of the spin.axis of the gyro tilts to
the right, the bubble moves to the left. You
can measure the amount of tilt by the
amount the bubble deviates from the lubber
line. Experience with many sights shows that
when the bubble is one-half length off, the
deviation of the spin axis is approximately
18 mils.

If the bubble is one-half length to the
right, the top of the spin axis of the gyro and
the axis of the optics are tilted 18 mils to the
left. If you set it up this way, you fly too far
to the left in sighting the target. Therefore,
your bomb hits left of the target.
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How to Calculate Deflection Errors Resulting
From Improper Vertical

To compute the amount of an error result-
ing from an improperly centered lateral bub-
ble, or the actual distance by which the bomb
misses the target, you multiply the number
of mils of deviation by 1/1,000 of the BA.
Therefore the deflection error is:

DE = (bubble error in mils) % BA/1,000.

FORE AND AFT BUBBLE

Just as the lateral bubble shows the posi-
tion of the gyro when the airplane is flying
straight and level, so the fore and aft bubble
shows the gyro’s position when the airplane
is flying at a constant airspeed and not climb-
ing or diving. Under these conditions, a per-
fectly centered fore and aft bubble shows
that the vertical reference set up by the
bombsight is the true vertical.

If this bubble is one-half length forward,
the top of the vertical reference is tilted
back, and the bombsight sets up a false sight-
ing angle.

You must center the fore and aft bubble
when the airplane is maintaining a constant
speed and is not climbing or diving. Once the
true vertical is established, the gyro tends to
hold it. If thereafter the airplane speeds up
or slows down, the bubble moves forward or
back because of the inertia of the liquid.

Therefore, once you have established the true
vertical, DO NOT attempt to re-center the
bubble each time it moves off.
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