Tralning Manual

NAVEDTRA 10276-1 (TRAMAN) and
Naval Educstion and September 1988 Nonresident Training
Training Command 0502-LP-211-7800 Course (NRTC)

Fire Controlman
Third Class

Only one answer sheetis included in the NRTC. Reproduce the required
number of sheets you need or get answer sheets from your ESO or
designated officer.

DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited.

Noafederal government personnel wanting a copy of this document
mast use the pucchasiag instructions on the inside eover.

oso2LP2117800



AORUR AR RO R AR

e

FIRE CONTROLMAN
THIRD CLASS

R

NAVEDTRA 10276-1

AR R

1985 Edition Prepared by
FTCM(SW) Robert L. Haskell,
FTCS Robert R. Revels, and

FPTMC Mitchell Shelton

AR A O AR R O R U S S R O LR RO, TR RRRRUR A AR L LV SR AR RSN,
ARV R SRR AR R AR SOV,

LSS EES

ol
R
-

Y

Ao RO e

{aRESBmAA LT R AN AL s



CHAPTER 1
INTRODUCTION

This rate training manual has been prepared
for men and women of the Navy and of the Naval
Reserve who are studying for advancement to the
rate of Fire Controlman Third Class. One of a
series of rate training manuals, this manual is
designed to give you background information
necessary for the proper performance of duty at
the third class level. The manual is based on the
professional qualifications for FC3, as listed in
the Manual of Navy Enlisted Manpower and
Personnel Classifications and Occupational
Standards, NAVPERS 18068.

The military requirements for advancement in
rating are discussed in Military Requirements for
Petty Officer Third Class, NAVEDTRA 10044.
A list of training manuals and other publications
used in the preparation of advancement examina-
tions is located in Bibliography for Advancement
Examination Study, NAVEDTRA 10052. When
you are studying for advancement, always make
sure you have the latest edition of NAVEDTRA
10052 and 10044. Also, you should check with the
Educational Services Office (ESO) of your
command for possible changes to the require-
ments or references listed in these publications.

The purpose of this chapter is to introduce you
to the Fire Controlman rating. The term *‘fire
control’’ means the directing of various weapons
so that they will hit a desired target. As you learn
about fire control, you will realize that the Navy
is only as strong as its fire power. For its fire
power to be effective, it must be accurately
controlled. This is where you, as a fire control-
man, will play a vital part in making your ship
an effective weapon against ships, planes, missiles,
and shore installations. It will be your job to
operate and maintain the many complex devices
used in your ship’s various fire control systems.
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THE FIRE CONTROLMAN RATING

The fire controlman rating is a general rating.
Specialty groups within the rating have been
assigned Navy Enlisted Classification (NEC)
todes. The NEC code numbers reflect special
knowledge and skills of personnel. An NEC code
is normally assigned to an individual after that
person has satisfactorily completed the course on
a related fire control system or component equip-
ment at a class C school.

Normally, you will be assigned duty according
to your NEC code. As an FC3, your assigned
billet will probably call for an equipment
specialist. This, nevertheless, does not relieve you
of the need to acquire overall knowledge of fire
control. This need for a generalist approach to
fire control will become evident on your first
advancement in rate examination.

The FC rating was formed in July 1985, by
combining the Fire Control Technician Missiles
(FTM) and the Fire Control Technician Guns
(FTG) (surface) ratings. The Fire Control ratings
have undergone considerable change since their
original inception. The original FC rating was
formed to maintain and operate the fire control
computers and rangekeepers used with the gun
systems. With the advent of radars and their
application in fire control, the FT (Fire Control
Technician) rating was formed to designate those
assigned to operate and maintain the fire control
radars. The FC and FT rating then evolved into
the FT general rating with the emergency special
ratings of FTA, FTM, FTU, and FTG (where
A = automatic systems, M = manual systems,
U = underwater systems, and G = guided missile
systems). Following the Korean War era the rating
went through another evolutionary stage where
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there were only the FTM and FTG ratings (where
M missiles and G = guns and underwater
torpedo fire control). With the development of the
POLARIS missile, the fire control general rating
was amended with the specialty rating of FTB,
where B is a symbol for the FTs who maintain
the ballistic missile systems. The rating has now
come full circle with the formation of the FC
rating and retention of the FTB and FTG (under-
water) ratings. These changes paralleled the
development of fire control systems that you will
now study.

HISTORY OF FIRE CONTROL

Warships in early and medieval times en-
gaged in war on the seas by ramming, or by grap-
pling the vessel and boarding it for hand-to-hand
combat. Guns were not used on ships on a large
scale until the fifteenth century, when a Spanish
Fleet opened fire with cannon at point-blank
range on the Turkish Fleet, who were quickly
defeated.

Less than 200 years ago, naval guns were still
fired at point-blank range. Gunnery was still an
art, not a science, and fire control was largely a
matter of skillful seamanship in steering the ship
into position to enable the gunners to hit the
target. The range and destructive power of guns
continued to increase over the years, from an
average effective range of 100 yards in the
mid-1800s to more than 40,000 yards in the
mid-1900s. These improvements in gun ranges
could make guns effective only if the guns were
accurately aimed. Methods of fire control in the
modern sense were not developed until the nine-
teenth and twentieth centuries.

Gun Sights

The first concern of a fire control system is
to provide an effective way of aiming. This is the
function of the gun sights. Prior to 1800, there
was no need for elaborate gun sighting systems,
because the guns themselves were inaccurate ex-
cept at close range. Guns were simply pointed at
the target by eye.

Gun sights introduced early in the nineteenth
century consisted of fixed front and rear sights
mounted so that the line of sight across their tips
was parallel to the bore of the gun. Toward the

1-2

”/
LATE 1800's
EARLY
TELESCOPE
SIGHTS
167.907

Figure 1-1.—Early telescope sights.

end of the nineteenth century, a sight telescope
(fig. 1-1) was developed by a Navy lieutenant. It
consisted of a simple telescope containing a pair
of crosshairs that was mounted in such a way that
the line of sight could be moved with respect to
the axis of the gun to correct for some of the
factors that affect the solution of the fire control
problem.

Ranging Devices

Improvements in gun sighting systems alone
were not enough. As the range and complexity
of guns increased, it became necessary to develop
other fire control instruments that could accu-
rately and rapidly solve the fire control problem.

The first of these devices was the stadimeter
(fig. 1-2), an optical device used to measure range.
This device enabled the gunner to determine the
range more accurately than could be done by eye.
The stadimeter was good only for short ranges
but embodied a principle later used in the
rangefinder.

The rangefinder developed during World War
I had a much greater range. Rangefinders are still
installed on some gun fire control systems.

Stabilizing Methods

Another factor which had to be taken into
consideration to obtain accurate fire was the
inclination of the gun caused by the roll and pitch
of the ship’s deck. One early device used by
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Figure 1-2.—The stadimeter.

nautical gunners was a round shot suspended from
a spar (fig. 1-3). The gunner watched this im-
provised pendulum and fired the gun just before
it was parallel to the mast (when the deck was
horizontal). This same principle was later in-
corporated in the ‘‘stable element’’ and the
““ship’s gyro.’’ These devices act like a child’s
spinning top, because their axes always remain
truly vertical, thus establishing a reference plane
from which gun elevation angles can be measured.

Tracking Methods

The largest and most important corrections in
fire control are to compensate for the relative
motion between gun and target. In the old days,
the positions of the gun and the target at the
moment of impact of the projectile were predicted
by eye. In the early 1900s, an improvement was
brought about by marking the position of the
target on paper (plotting) as it moved along its
course. (This was done by measuring the distance
and direction from the ship to the target.) It was
then possible to determine the approximate course
and future position of the target (fig. 1-4). This
led to the development of the rangekeeper, a
device that automatically corrected for changes
in target range. The rangekeeper was refined and
improved till it reached its present form, the fire
control computer, and made possible the rapid
solution of other factors in the fire control
problem.

167.909
Figure 1-3.—Correcting for roll and pitch.
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Figure 1-4.—Target plotting.

The most important World War II fire
control innovation was radar, which made
accurate fire control possible even when optical
instruments were useless.

FIRE CONTROL TODAY

Today, fire control systems are used to
control not only guns but also missiles, rockets,
and torpedoes.

However, the basic idea of a gun or missile
weapon system does not change. They all need
certain components in order to operate as a com-
plete system.
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Weapon Direction System

The Weapon Direction System (WDS) pro-
vides for the centralized control and monitoring
of target engagements. It is used to initially
evaluate targets, assign the targets to the fire
control system, select and control the firing of
guns and missiles, and evaluate the engagement
results.

Radar/Director

The function of the radar/director is to locate
the position of a target. You may think of it as
the eyes of the fire control system. The
radar/director tracks the target and provides
precise position data to the computer.

Computer

Fire control computers are the brains of the
system. When they are supplied with the data
needed to solve the fire control problem, the
computers yield solutions in the form of position
and control signals for the weapons delivery unit.

Delivery Units

Broadly speaking, delivery units launch or
project destructive units toward the target.
Examples are guns, missile and rocket launchers,
and torpedo tubes. Don’t think of these devices
as weapons. The term WEAPON is properly
applied to the destructive unit that is launched or
projected. Thus a guided missile launcher is not,
strictly speaking, a weapon; the missile itself is
the weapon.

To be effectively employed against their
targets, all weapons must either be aimed
at their targets or be programmed during flight;
they may require both aiming and programming.
Programming is the process of setting automatic
equipment to perform operations in a pre-
determined step-by-step manner. Aiming and
programming are done at or before the time of
launching, either by or through the delivery
device. This function is characteristic of all
delivery devices, even the simplest. Aiming the
destructive device (weapon) at the target may be
done simply by positioning the delivery device (a
gun barrel or launcher guide arm, for example).

Or it may be done without aiming the delivery
device by placing program instructions in the
weapon. Some missiles are programmed to start
searching for the target after the launching phase
is over. Examples of other programmed functions
that could be performed in the weapon are (1)
ignition of propulsion units and (2) arming of the
warhead after a designated number of seconds in
flight.

TYPES OF DELIVERY DEVICES.—There
are two types of delivery devices of interest to FCs.

Guns.—Guns provide all the propulsion
energy to their projectiles, and they direct (aim)
the projectiles by positioning the gun barrels.

Missile Launchers.—Missile launchers retain
and position missiles during the initial part of the
launching phase and, by means of attachments
to the launcher, feed steering, vertical reference,
and program information into the missile up to
the instant of launch.

Destructive Units

The end purpose of fire control is to cause the
destruction unit to intercept or pass near the
target. It is then the function of the destruction
unit to destroy or inflict maximum damage on the
target. Except for projectiles used in small arms
and some of those used in calibers up to 20-mm,
weapons used in combat are loaded with ex-
plosives and equipped with devices to set off their
explosion at the proper time. For some weapons,
the proper time is the instant the weapon makes
physical contact with the target. For those
designed to penetrate targets protected by armor
or concrete, the proper time is after penetration.
Still others are intended to explode when they
reach the vicinity of the target.

Weapons of some types have their own
propulsion systems; examples are guided missiles,
torpedoes, and rockets. With the exception of
rockets, weapons that have a propulsion system
also contain guidance and control systems.

EVOLUTION OF THE GUIDED MISSILE

A MISSILE is any object that can be
launched or thrown at a target. This includes
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stones or arrows as well as gun projectiles, bombs,
torpedoes, and rockets. In current military use,
the word MISSILE is becoming synonymous with
GUIDED MISSILE. In this text, we will use the
terms MISSILE and GUIDED MISSILE inter-
changeably.

The Purpose of Guided Missiles

The primary mission of the Navy is control
of the seas. We propose to keep the sea-lanes open
for our own and for friendly commerce. In time
of war, we propose to deny the use of the sea to
the enemy. With the advent of the POLARIS,
POSEIDON, and TRIDENT missiles, we have an
added use for the sea—a hiding place for our most
potent seaborne strategic weapons.

Historically, the Navy’s mission has been
accomplished by the use of warships that were
armed with the most advanced weapons of their
time. When John Paul Jones challenged the
British control of the seas, his warships carried
guns that had an effective range of a few
hundred yards. In the Civil War, the Union Navy
maintained a blockade of southern ports with the
help of guns that had a range of 5 to 10 miles.

When aircraft became more effective weapons
delivery systems than guns in both range and
striking power, they became the prime weapons
systems of the Navy. The Battle of the Coral Sea,
in 1942, was the first major naval battle in which
ships did not exchange a single shot.

The development of missiles added a new
dimension to the attack or defense mission.
Maissiles cannot perform all the functions of guns.
But, they can extend the range and effectiveness
with greater payloads. Even without control of
the sea’s surface, missiles can be launched from
submarines.

The effort to develop faster and better missiles
will continue as’long as the threat of war exists,
or until some new and unforeseen weapon makes
guided missiles obsolete.

Navy Surface Missile Systems

In 1944, the Navy assigned development of the
Bumblebee project to the Applied Physics
Laboratory of the Johns Hopkins University. This
project has since produced TERRIER, TARTAR,
STANDARD, and the now obsolete TALOS
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missiles. These surface-to-air missiles greatly
improved the Navy’s fleet antiaircraft defenses.

In the early 1960s, a need was recognized for
a rapid reaction, lightweight surface-to-air missile
system that could provide a self-defense capability
against the fast growing threats of the future. (The
TARTAR, TERRIER, and TALOS weapon
systems were developed to provide protection of
the area around fleet units.) A system was
needed to protect the ‘‘point-or-origin’’ or an
individual ship at close-in ranges. The NATO Sea
Sparrow and Point Defense Missile Systems were
developed to meet that need. These systems use
a SPARROW III air-to-air missile which was
modified for surface launch.

In the late 1970s the HARPOON antiship
missile was introduced. It uses an over-the-horizon
concept which further enhances fleet defense. All’
of these missiles that are currently used by the
Navy and their updated versions will be dis-
cussed in more detail in chapter 5.

New missiles are still being designed and tested
for surface fleet use. Among these are the long-
range cruise missile (TOMAHAWK) and the roll-
ing airframe missile (RAM). The TOMAHAWK
uses terrain matching or radar homing devices
against land and ship targets, respectively. The
RAM will provide quicker reacting, close-in self-
defense for vital fleet units. It uses dual-mode
(infrared and rf) homing and an automatic
launching system.

A major development in fleet defense is the
AEGIS weapon system, which is a fully automatic
surface-to-air missile system. The heart of the
system is the AN/SPY-1 multifunction, phased
array radar system. It simultaneously performs
horizon search, hemispherical search, multiple
target tracking, and multiple interceptor missile
tracking. It also provides missile guidance com-
mands and target kill evaluation. This computer
controlled, automated system provides an un-
precedented short reaction time and potent
firepower. The AEGIS weapon system employs
STANDARD missiles.

The Navy Tactical Data System (NTDS) has
also been developed to coordinate fleet and ships
weapons systems. Although Fire Controlmen are
not primarily assigned responsibility for NTDS,
they will be closely associated with it. In some
equipment configurations, they will actually main-
tain all or part of the system.
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YOUR FUTURE AS A
FIRE CONTROLMAN

Now that you have a better understanding of
fire control, let’s preview what your job is going
to be.

DUTIES AND RESPONSIBILITIES

All ships include, as one of their main depart-
ments, a weapons or combat systems department.
On some ships of special type, whose primary
mission is something other than ordnance, this
department may be subordinated to become part
of the deck department. On combat ships, to
which an FC is most likely to be assigned, a
weapons or combat systems department is sure
to be not only an independent but also a major
department of the ship’s organization.

The department is headed by the Weapons or
Combat Systems Officer who is assisted in various
areas by other officers. Among these officers will
be a Fire Control Officer whose direct responsi-
bility will be the maintenance and operation of
gun and missile fire control systems. This is the
department to which fire controlmen are regularly
assigned. On some ships the organization may
differ, but the job responsibility will be the same.
Fire Controlmen who maintain the 3-D search
radars may be assigned to the operations depart-
ment on ships whose primary mission is command
and control or air control such as an aircraft
carrier.

Your duties may be outlined briefly as follows:

1. You should be able to perform the general
procedures necessary to operate and stand watch
on all fire control equipment and related electronic
units in your charge.

2. Youshould be able to maintain, test, align,
calibrate, and troubleshoot all of this equipment.
These duties include the following:

a. Perform all periodic cleaning, lubri-
cation, and testing required by the equipment
placed in your charge.

b. Use all tools and instruments, mechani-
cal and electrical, necessary for the performance
of your duties.

c. Read and use mechanical drawings,
blueprints, schematics, and wiring layout
diagrams.

d. Locate troubles and make necessary
repairs.

3. You should be able to go through the pro-
cedures necessary to requisition and stow all parts
and supplies required in your work. You must also
be able to prepare work requests as needed.

4. You should be able to maintain fire con-
trol records according to the established format.

5. You should be able to boresight guns and
align weapon systems.

6. You may be called upon to inspect and
adjust optical instruments associated with fire
control equipment.

7. You should be able, under supervision, to
install fire control equipment and accessories and
to make certain equipment changes of a limited
nature.

Do not let this list of duties throw you. You
will not have them piled on your shoulders all at
once. Aboard ship you will find FCs who have
been doing this job for some time. They will help
you get started on the right foot.

TRAINING OPPORTUNITIES

You have elected to become one of a select
group, the Fire Controlman. How far up the
ladder of success you go depends entirely upon
how much you are willing to apply yourself.

Class A School Training

As a Fire Controlman you will have,many
opportunities for advanced electronics training.
This training starts with the FC class A school for
the basics of electricity and electronics. Unless you
have had previous electronics training or you are
an exceptionally sharp individual, FC class A
school is almost mandatory for a good solid
foundation in electronics.

Class C School Training

After completion of A school, a wide variety
of C schools are available. These FC class C
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schools are devoted to teaching individual fire
control equipments and systems. One C school
may cover a computer complex or a fire control
radar or even a whole fire control or weapons
system. The requirements for assignment to C
school will depend on your previous training.
Your first C school can be on just about any
equipment.

After the first C school, subsequent training
will depend upon platform compatible training.
For example, if your first school was for a Mk
68 Gun Fire Control System, any additional
training would be for fire control equipment
found on ships (platforms) with a Mk 68 GFCS
(such as, an AN/SPS-48 search radar, a
TARTAR or TERRIER missile fire control
system, or the close-in weapons system). So your
training opportunities are varied with a wide range
of possibilities. Also, you should not stop with
learning just one small component. You should
learn how the component interacts with other fire
control equipment and the operation of the whole
ship’s weapons system package.

The purpose for this approach is to eventu-
ally qualify you as a fire controlman for all the
weapons systems on a ship by the time you have
advanced to the E-7 or E-8 level. At this level,
you would be assigned to the ship as the senior
fire controlman with responsibility for all the fire
control equipment on board. This concept is
designed to enhance training possibilities for
individual fire controlmen. Each training ex-
perience will then become a step toward the
development of a trained and an experienced
supervisor who is qualified in all components of
a particular ship-type weapons system package.
The senior fire controlman, the ESO, and Career
Counselor aboard your command should be able
to aid you in determining the qualifications for
assignment to a particular C school and assist you
in qualifying for that school or other schools.

Additional study in electronics, computers,
electromechanical devices, precision instruments,
and mathematics will be very beneficial to you in
your paths to advancement. A wide variety of sub-
ject matter is available to you free of charge. A
complete list of available courses is found in the
List of Training Manuals, Correspondence
Courses and Personnel Qualification Standards,
NAVEDTRA 10061.

An additional source of course and study
material to aid you in studying for advancement
is the Bibliography for Advancement Examina-
tion Study, NAVEDTRA 10052. This lists all the
courses and publications used as references for
preparation of advancement examinations. If you
fully understand the material contained in the
courses and publications listed in the
bibliography, you should have very little problem
passing the advancement examination.

As a Fire Controlman, traditionally, you
are the Navy’s best. The Fire Controlmen
and technicians in the past have always been
the best. They are respected for their tech-
nical expertise and professional attitude. The
fire control systems are a vital part of the
ship’s ability to meet its primary missions
and as such will have a very high importance
placed on them. As a fire controlman, you
will be required to uphold the tradition and
keep the systems working their best at all
times so that the ship can best fulfill its
mission.

SUMMARY

This course is designed to help you become
a Fire Controlman Third Class. Now that you
have covered a little history of fire control and
have learned some of the primary duties of a Fire
Controlman, it is time to learn about the fire
control problem. The fire control problem and
its solution are the key to understanding how the
components of a fire control system fit together
and work together. After studying the fire
control problem, you will learn about weapons
systems concepts and then fire control system
concepts. These concepts will provide you with
the basic system requirements and how they work
together. Then you will learn about the missiles
and ordnance that fire controlmen work with and
maintain. This is followed by data transmission
between fire control system components through
the fire control switchboard. Then you will learn
about the support systems such as power dis-
tribution and cooling systems. The remainder of
the course is devoted to general maintenance,
safety, security, administrative, and supply
requirements.



CHAPTER 2
THE FIRE CONTROL PROBLEM

You as an FC require a thorough working
knowledge of the fire control problem. Your
first question is undoubtedly, What is the
fire control problem? Actually there are several
fire control problems. The most generalized
question of the fire control problem is,
How can a weapon be directed so that it
will cause destruction of the selected target?
To further amplify this question, let us say
that slightly different problems exist for
different types of targets (aircraft, surface
ship, submarine, and the like). Location of
the weapon (ship, shore, and so forth) will
also change the problem. The fundamental
problem as far as you are concerned is,
How can a ship, either underway or dead-in-
the-water, destroy a stationary or moving
target?

Many of the factors involved are common
to more than one variation of the problem.
In the material which follows, the discussion
will deal primarily with the gun fire control
problem. The missile problem is quite similar
and will not be discussed in detail; only
general aspects will be covered in the chapter
on missiles and ordnance. As an aid to under-
standing the problem, you will study the
mathematics required to solve the problem,
the symbols used to denote the various
quantities, and the various factors which affect
the problem.

MATHEMATICS REVIEW

The mathematics required for solving the
fire control problem is not difficult, and you

may have already learned all the mathematics
you will need. However, in the material which
follows, we wili review some of the fundamentals
of the mathematics that you will need to know
to solve the fire control problem. Not only will
you use this mathematics to solve the fire
control problem, you will use it in other phases
of fire control.

SIGN NUMBERS

In the mathematics you will use in fire
control, the concept of ‘‘direction sense’ of
a number is very important. In introducing
‘““/direction sense,”’ zero (0) is normally considered
as the reference point. Numbers preceded by a
(—) have a negative direction, and numbers
preceded by a (+) have a positive direc-
tion. Such a series of numbers is shown as
follows:

..—4, -3, -2, -1, 0, +1, +2, +3, +4...

As an example of how you may use sign
numbers, consider your ship on the surface of
the ocean to be at the zero reference. An air-
plane at 5000 feet has a height of -+ 5000,
and a submarine 150 feet below the surface
has a height of —150. If the reference is
now shifted to the airplane, the height of the
airplane is 0, the height of your ship is
— 5000 feet, and the height of the submarine is
—5150.

If you remember the following definitions
and rules, you will not have any trouble with
sign numbers.
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Addition

Definition: The symbol for addition is (+);
the numbers to be added are the addends, and
the result is the sum.

Rules:

1. For terms with like signs, sum the absolute
values (the magnitude of a number disregarding
the sign) and affix the common sign. For example,

Note: An unsigned number is assumed positive (+).
7+4=11
(-4) +(-6) = -10

2. For terms with unlike signs, take the
difference of the absolute values and affix the
sign of the larger. For example,

4+ (-7)=-3

9+ (-7 =2

Subtraction

Definition: The symbol for subtraction is
(-); the first number is the minuend, the
number being subtracted is called the subtrahend,
and the answer is called the difference or
remainder.

Rules: The process of subtraction becomes
much easier when the operation is changed to
addition; therefore, change the sign of operation
and the sign of the subtrahend and proceed as in
addition. For example,

(-4) - (-6)=(-4) +(6) =2
(-6) —(6)=(=6) +(-6) = —12
Multiplication
Definition: The basic symbol for multiplica-
tion is ( X ); however, several other means will
often be used to indicate multiplication, For

example,

2x4o0r2-4or (2)4)

The numbers being multiplied are called the
multiplicand and the multiplier, and the answer
is the product.

Rules:

1. For terms with like signs, find the product
of the absolute values and affix a (+) sign. For
example,

2x3=6
(—4)(-4) = 16

2. For terms with unlike signs, find the
product of the absolute values and affix a (—)
sign. For example,

(-7Q2) = -14
Division
Definition: The symbol for division is (+);
the numbers are the divisor and the dividend

(the dividend is divided by the divisor), and the
answer is the quotient.

Rules:
I. For terms with like signs, find the quotient

of the absolute values and affix a (+ ) sign. For
example,

=2

S TP-N

(-8) +(-2)=4

2. For terms with unlike signs, find the
quotient of the absolute values and affix a (—)
sign. For example,

(-16) ~ (4) = -4
FRACTIONS AND DECIMALS

The numbers considered up to now have
been whole numbers. Many times it is necessary
to indicate a partial number. One means of
doing this is the fractional method (3/4) and the
other is the decimal method (.75). Sometimes
for the sake of accuracy, the fractional method
is the best because it is impossible to derive a
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number exactly by the decimal method. For
example,

%X 30 =20

but (.666. . .) x 30 will never be exactly equal

to 20. Note that the decimal is found by dividing
the numerator by the denominator.

Fractions

The rules which apply to signs of whole
numbers also apply to fractions and decimals.
Some special considerations are involved in
dealing with either fractions or decimals. They
will be illustrated in the examples that follow,

ADDITION AND SUBTRACTION.—In
the fraction 3/4, the 3 is the numerator and the
4 is the denominator. Before fractions may be
added or subtracted, the denominators must bé
the same. For example,

[T
e

+ 54+

B

The first step is to find the least common
denominator, LCD, (lowest number which is a
whole multiple of each of the denominators); in
this case 12. The next step is to convert each
of the fractions to an equal fraction whose
denominator is 12. Thus, 1/2 =6/12,
2/3 = 8/12, and 3/4 = 9/12. The next step is to
sum the numerators, place the sum over the
LCD, and reduce the resulting fraction to its
lowest form.

6+8+9_g§_|u
12 12~

2

—

MULTIPLICATION.—Multiplication of
fractions is a simple matter of finding the
products of the numerators and denominators
and reducing the fraction. For example,

DIVISION.—Division of fractions is easily
accomplished by inverting the denominator
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fraction and multiplying it by the numerator
fraction. For example,

g)ﬁ 10::

6

Wi

win
N
Wi

It should be noted that a negative number is
never left in the denominator. The negative
denominator may be removed by multiplying
both the numerator and the denominator by a
— 1. For example,

1.3 3
. Sl i
(-1 _-3

(-8(-D "8
Decimals

Operations involving decimals follow the
rules for sign numbers, and the only thing to
watch is the placement of the decimal point. This
will be illustrated in the following examples.

ADDITION AND SUBTRACTION.—Place
the numbers in columns with the decimal points
aligned. Now sum the columns. There must be
as many digits to the right of decimal point in
the answer as there are in any of the numbers
which are being added. The last digit may be a
0, which is normally dropped after placing of
the decimal point. Thus, .509 + 9.25 + 1.001 is
aligned as follows:

.509
9.25
1.001
10.760 or 10.76

The same method is used for subtraction.

MULTIPLICATION.—The product is found
by multiplying the absolute values of the numbers
and placing the decimal point according to the
following rule: The number of digits to the right
of the decimal point in the product must be
equal to the sum of the number of digits to the
right of the decimal point in the multiplicand
and the multiplier. For example,

75 x .5 =375
7.5 x5 =375
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It may be necessary to add zeros between the
decimal point and the other digits in order to
obtain the number of required positions. For
example,

1 x .07 = .007

DIVISION.—The first step is to make the
divisor a whole number by moving the decimal
point to the right. The next step is to move the
decimal point of the dividend the same number
of digits and proceed with normal division. Note
that it may be necessary to add zeros to the
dividend to obtain the required number of
decimal position. For example,

7.021.6
025, [175,540.0
175

(

w

—
u.v.l
(=N

EXPONENTS AND RADICALS

Many of the problems you will have to
solve in fire control will involve exponents and
radicals. Before the various rules for dealing
with exponents and radicals are presented, a few
terms will be defined.

Base: The number that serves as a starting
point.

Exponent: The number that indicates the
number of times the base is multiplied by itself.

Power: The number of times the base number
itself is taken as a factor.

Raising a number to a power is a special case
of multiplication in which the factors are all
equal. For example,

$3=5x5x5=125

In the example, § is the base, 3 is the exponent,
which indicates the number of times the base is

multiplied by itself, and 125 is the third power
of §.

Root: The inverse operation of raising a
number to a power is finding a root of a number.
This consists of finding one of the equal factors
of anumber. For example, 32 = 9and (- 3)? = 9;
thus both +3 and -3 are square roots of 9.

Radical sign: the desired root of a number
can be indicated by placing a radical sign (V)
over the number and showing the root desired
by placing a small number within the crook of
the radical sign. A radical sign by itself means
the square root. For example,

V 16 = +4 (Both +4 and —4 are square roots of 16)
VT -

V16 = +2 (Both +2 and -2 are fourth roots of 16)

2 (The cube root of 8 is +2)

Laws of Exponents: You will have little
difficulty with exponents if you remember the
simple laws that follow.

Multiplication

To multiply two or more powers having the
same base, add the exponents and raise the
common base to that power. For example,

22 x 2V =20 =25 2 x2x2x2x2=32
Division

In division of powers of the same base, the
exponent of the quotient equals the exponent of
the dividend minus the exponent of the divisor.
For example,

B e
6

S ey o wl o

;—S a5 =3

Note that any number raised to the first power
is equal to the number itself. The exponent 1
is usually not written but is understood.

d o B gl

32
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Note that any base raised to the O power is equal
to 1.

3¢ (4-6) -2 _ 1 1
3 =3 = 5

36

w

Note that a number with a negative exponent is
equal to 1 divided by the same number with a
positive exponent; the absolute value of which is
equal to the negative exponent.

To find the power of a power, multiply the
exponents. For example,

(22)3 - 26
The proof of this can be seen if you remember
that an exponent indicates the number of times
a number is multiplied by itself. Thus,

) =(2H2HRY) =4 x4x4=64

Powers of Ten: Many of the problems you
will solve as an FC will have numbers that are
either extremely large or extremely small. Use of
the concept of powers of 10 will simplify the
calculations. There is nothing new or complicated
about this concept; it simply makes use of a few
rules that you have already studied.

First of all you must consider that any
number may be expressed as the product of two
other numbers; i.e., 25 may be thought of as
§x5,2 x 12.5, or 2.5 x 10. In using powers
of ten, we will always consider 10 or the base 10
raised to some power as one of the numbers.
Consider the base ten raised to various powers.
When you apply the laws of exponents, you will
find the following:

107" = .1 10* = 10000
1072 = .01 10> = 1000
107 = .001 10 = 100
107* = .0001 10’ =10
107% = .00001 10° = 1

Now consider the following problem:

Xz =2 x 3.14 x 20000 x .000007

2-5

The calculations are simplified if you use
powers of ten. Thus, 20000 is 2 x 10*, and
.000007 is 7 x 107%. The problem is now:

Xz =2x3.14x2x10*x7x 107° =87,92 x 1072
or since 1072 = .01

X = .8792
Here is another typical problem:

~ i
Xc = 37%73.14 x 10000000 X 000000000002

1
T2x314x1x10 x2x 0772

Xc

1

Xo = = . N
C=asex107 12 x10

Xc = 7900

To determine the power of ten of any number,
do the following:

1. To find the power of ten of any number
greater than 1, move the decimal point to the
left so that only one digit remains to the left
of the decimal point. The number of places the
decimal point is moved is the (+) power of
ten. For example,

1739.82 = 1.73982 x 10°

2. To find the power of ten of any number
less than 1, move the decimal point to the
right until one digit other than zero is to the
left of the decimal point. The number of places
the decimal point is moved is the (—) power of
ten. For example,

00000639 = 6.39 x 107¢

Fractional Exponents: Whereas whole num-
ber exponents were used to indicate the power
of a number, a fractional exponent is used
to indicate the root of a number. For exam-
ple,

4[/2 = ﬁ
125'% = v/ 125



FIRE CONTROLMAN THIRD CLASS

The denominator of the fractional exponent
indicates the index of the root (square root, cube
root, and so forth) and the numerator indicates
the power of the number.

Radicals: You have already learned what a
radical is. You will now learn the rules that
govern operations with radicals. One of the first
things you must remember when finding roots
of a number is that an even root (square root,
fourth root, and so on) may be either plus or
minus. For example,

V9=43since3x3=9and -3 x -3=9

Combining radicals: In the expression 7 \/ 8,
7 is the coefficient, 3 is the index, and 8 is the
radicand. Radicals with the same index and
radicand are similar. Radicals with the same
index are said to be of the same order. Operations
with radicals follow the rules of sign numbers;
however, a few additional rules must be observed.

Addition and Subtraction

Radicals may be added or subtracted if they
are similar. For example,

NV3+8/3=15/3
NT-6VT= 3V7

7V 8 + 6\ 8 cannot be combined in radical form
because the index is different. 7\/ 8 + 6y 3
cannot be combined in radical form because the
radicands are different.

Multiplication and Division

Radicals of the same order may be multiplied
or divided. For example,

Viv2=6
VIS _
\/—_—5-\/’3

Simplifying radicals: Many times it will make
a problem easier to solve if radicals can be
simplified. A radical is in its simpliest form
when no factor can be removed from the radical,
when there is no fraction under the radical sign,

and when the index of the root cannot be
reduced.

Removing a Factor

A factor can be removed from the radical if
it occurs a number of times equal to the index.
For example,

VS0=yV25x2=y5 x2=5/2

In some problems you may be required to
find a root of a fraction. The normal procedure
is to eliminate the fraction under the radical
before the root is found. For example,

I
~

2

In this simple problem you may recognize that
the answer is +1/2; however, in some cases you
may not recognize the root. In cases of this type,
you will follow the procedure that follows:

\/ 1 may be written as o
16 vV 16

If you now consider only the positive root,
you will have 1/4. At this point, we will stop and
define rational and irrational numbers.

A number is rational when it can be expressed
as the quotient or ratio of two whole numbers.
Rational numbers include fractions like 3/4,
whole numbers, and radicals if the radical sign
is removable. Any whole number is rational
since it can be expressed as a quotient by dividing
by 1; for example, 4/1. Likewise 16 is rational
since it also can be expressed as 4/1 or —4/1.

A number that cannot be expressed as the
ratio of two numbers is irrational. For example,

1
Vs

Now consider the problem 1/\/3 = ? The
first step in solving this problem is to rationalize
the demominator. This is done by multiplying
both the numerator and denominator by the
radical which will remove the denominator

VI, V3_V3

V2,7V 3, and

radical; i.e., ~— = . To complete the
Vi ovi 3 P
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solution, if further simplification is called for,
you must find the square root of 3 and divide by
3. There are several ways in which you may find
the square root of 3. One way of finding the root
is by use of a root table. If you do not have a
root table, you can calculate the root by the
following method.

Find the square root of 27348.29.

1. Mark off the number in sets of two from
the decimal point.

2 73 48 .29

2. Find the highest square in the first group.

1
27348 . 29

3. Square the 1, place it under the 2 and
subtract. Carry down the next group.

|

27348 . 29
1

173

4. Double that part of the root already
found (1) and place it in front of the 173. Now
find a new number so that the product of this
number and the two digit number, formed by
placing the new number after 2, is less than 173.
(This is mostly a process of trial and error.)
Place the product under the 173 and subtract.

1 6
[2 73 48 . 29
1

173
156

17

26

5. Carry down the next group of numbers
and proceed as in step 4.

1 6 5
|2 7348 . 29
1
173
156
1748
1625
123

26

325

6. Continue the process until the required
number of digits after the decimal point are
obtained. It may be necessary to add groups of
zeros.

3 7
29 00

1 6 5.

[273 48 .
1

26 173
156

1748
1625

12329
9909

242000
231469

10531 <——— This is the remainder

A check on the problem is to square 165.37 and
add the remainder to the square.

325

3303

33067

165.37
165.37

115759
49611
82685
99222
16537

27347.2369
1.0531

27348.2900
ALGEBRA

The branch of mathematics that treats the
relations and properties of numbers by means of
letters, signs of operation, and other symbols is
called algebra. In fire control, you will use
algebra to solve various equations in order to
determine unknown quantities. The basic laws
that govern operations in arithmetic also apply
to algebraic operations.

Commutative Law of Addition

The sum of two or more addends is the same
in whatever manner the addends are arranged.
For example,

a+b+c=b+c+a=c+a+b
Associative Law of Addition

The sum of three or more addends is the
same in whatever manner they are grouped. For
example,

a+b+c=(@+b)+c=a+(b+c¢c)
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Commutative Law of Maultiplication

The product of two or more factors is the
same in whatever manner the factors are arranged.
For example,

abc = bac = cba = bca = cab
Associative Law of Multiplication

The product of three or more factors is the
same in whatever manner the factors are grouped.
For example,

a‘bc=(a*b)c=abc)
Distributive Law Of Multiplication

If the sum or difference of two or more
numbers is multiplied by a third number, the
product may be found by multiplying each of
the numbers separately by the multiplier and
connecting the results by the proper signs. For
example,

a(b + c~—-d) =ab + ac — ad

Before we proceed, some of the terminology
of algebra will be defined.

Algebraic expression: A combination of the
signs and symbols of algebra which represent
one number or quantity. For example,

a — b, X, ab, x/y, and *a—_aﬁ

Terms: The parts of an algebraic expression
separated by + or - signs are called terms. For
example,

In the expression x%y — 3xy? + y?, each
grouping is a term—x2y, 3xy?, and y>.

Coefficient: Any factor or group of factors
of a term by which the remainder of the term is
to be multiplied is called the coefficient. Thus,
in the term 2xyz, 2xy is the coefficient of z, 2x
is the coefficient of yz, and 2 is the coefficient
of xyz. The 2 is the numerical coefficient, and

the algebraic symbols are literal coefficients.
Normally the word coefficient is limited to mean
the numerical coefficient.

Similar terms: Terms are similar if they
contain the same literal factors affected by the
same exponents. Similar terms may be combined.
For example,

7x%yz — 3x%yz = 4x%yz; however, x%yz can-
not be combined with xyz because the
exponent of x is not the same.

In your career as an FC, you will use algebra
in solving various equations. An equation is a
statement that two expressions are equal.
Thus, 5 + 7= 12 and E = IR (Ohm’s Law) are
equations. For the most part, the problems you
will be required to solve will involve manipula-
tion of various formulas in order to determine
unknown quantities. If you remember the
following basic rule, you should have little
trouble in manipulating formulas to suit your
need.

If both members (terms on either side of the
equal side are referred to as the left and right
members) of an equation are increased, decreased,
multiplied, or divided by the same number, the
results will be equal. (Division by zero is
excluded). For example,

RT =R, + Rz + R;. Solve for Ra.

In order to solve for R,, you must eliminate
all of the other terms on the right side of the
equal sign. You can see that subtracting R, and
R3; from the right side will do the job. Following
the rule, you must also subtract the same from
the left side. Thus,

R-r-lh~R;=R.+R;+R3—R|-R,deT—R|—R,-R;

If known values are now substituted for Rr, R1,
and R;, you can determine the value of R,.

Another example is Xz = 2nFL. Solve for
L. Note that the ‘‘L”’ in the term X is a subscript
and not the same quantity as L. In this example,
you will note that if both members of the
equation are divided by 2nF, you will obtain
Xr/2nF = L.
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Another example is X¢c =1/2nFC. Solve
for F. Note that the ““C’’ in the term Xc is a
subscript and not the same quantity as C. If you
multiply both members of the equation by 2nC,
you will obtain 2nCXc¢ = 1/F.

Note that 1 divided by any number or term
is the reciprocal of that term. Thus, 1/F is the
reciprocal of F. Note also that such operations
as finding the reciprocal, finding the square
root, and raising to a power may be performed
on both members of the equation without
changing the equation. To continue the problem,
therefore, you can take the reciprocal of both
members of the equation. Thus,

_ 1
TRCXe and F

2nCXc

|

Transposition

Transposition is a short-cut means of solving
an equation. We have demonstrated that equa-
tions could be manipulated by adding, subtract-
ing, multiplying, or dividing both members of
the equation by the same quantity without
changing the equation. Once you understand the
basic operation, you will find that transposition
provides a short-cut for manipulating equations.
For example, instead of adding a quantity to
each member of the equation, you can move
(transpose) a term from one side of the equal to
the other by simply changing the sign. Thus, in
Lr =L, + L3, you can solve for L, simply by
moving the L2 to the other side of the equal sign
and giving it a (—)sign. Ly — L, = L,. Also, if
the quantity you are solving for is part of a
product, you simply transpose the other quantities
of the term to the denominator of the other side
of the equal sign. Note that this is the same
as dividing both sides of the equation. For
example, E = IR and solving for I you have
E/R =1. Alsoin Xz = 2nFL, solving for F you
have Xz/2nL =F.

To solve an equation which requires trans-
position you should do the following:

1. Examine the equation to be solved or the
formula to be used and note the terms containing
the unknown.

2. Transpose all of the quantities, other than
the unknown, to the other side of the equation.
Remember that in transposing you move the
quantities by changing the operation; i.e., add
when the original equation shows subtraction,
multiply when the original equation shows
division, and divide when the original equation
shows multiplication. Also, if the original
equation has the unknown raised to a power,
take the root of the remainder of the equation,
and if the unknown indicates a root, raise the
remainder of the equation to the proper power.
For example,

P = I’R Soive for I.

Transposing— P_
R
. P P
Taking the root— V —=l=Y—=1
R V'R

The following is a typical problem that you
may be required to solve,

Given: E = IR Find: P
P =El
R =10
E = 100

Step 1: Note that the formula for E contains
two known quantities, E and R, and one
unknown, I. Also note that the equation for P
has one known quantity, E, and two unknown
quantities, I and P.

Step 2: In this problem, you may solve
E = IR for I and then substitute that value in the
equation P = El. Thus, Solving E = IR for I,

=E_100_,
R 10

Substituting the value of I in P = EI,
P = El = 100 x 10, P = 1000

You may often find it easier to solve prob-
lems of this type without two sets of arithmetic



FIRE CONTROLMAN THIRD CLASS

calculations. You would accomplish this in the
following manner:

Solve for E = IR for I = E/R and substitute
this expression into the equation P = EI.
Thus, P =E x E/R = E2/R. Now substitute
the values and compute P.

_ 100 x 100 _

P =
10

1000

TRIGONOMETRY

This field of mathematics, which deals
with the relationship between the sides and
the angles of a right triangle, is extremely
important in fire control. Trigonometry is
required to solve the fire control problem
and is also used in solving various electrical
and electronic problems. Because angles are
a vital part of trigonometry, a few basic
definitions concerning angles will be presented
to start the discussion.

An angle is formed whenever two lines meet
at a point. To illustrate the generation or
construction of various angles, assume the line
OA as a reference. Using the end of the line
marked O as a pivot, rotate the line to another
position OB.

You can see that you effectively have two lines,
OA and OB, which meet at point O. Thus, you
have an angle AOB. In dealing with angles, they
will be most often referred to in terms of degrees.
A circle contains 360 degrees (°) and in fire
control applications, a degree is further divided
into 60 minutes () and each minute into

2-10

60
into

seconds (7). A circle is also divided

QUADRANTS OF A CIRCLE

four quadrants as shown above. When the line
generating the angle has been rotated counter-
clockwise (we still consider this a positive
direction) less than 90 degrees, the angle formed
will be in the first quadrant. All angles less than
90 degrees are called acute angles. An angle of
90 degrees is called a right angle. If the line is
rotated past 90 degrees, it will generate an
obtuse angle. An angle of 180 degrees is called
a straight angle.

Any two angles that add up to 90 degrees are
called com plementary angles. Thus, an angle of
50 degrees is the complement of an angle of
40 degrees. If the sum of any two angles is
180 degrees, the angles are supplementary.
Thus, an angle of 80 degrees is the supplement
of an angle of 100 degrees.

Trigonometry is based on the properties of
right triangles. Right triangles receive their
name from the fact that one angle is a right
angle (90 degrees). The following properties of
right triangles are extremely important and
should be remembered.

The Pythagorean Theorem

In the right triangle, the sum of the squares
of the sides adjacent to the right angle is equal to
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the square of the hypotenuse. The hypotenuse is
the side opposite the right angle. For example,

<
"

X
PYTHAGOREAN THEOREM

Z2=x*+y*andz=Vx+y’
z=V4a+33=V16+9=V 25

z =95

Note that you can transpose and solve for an
unknown side if you know one side and the
hypotenuse.

SIMILAR TRIANGLES

Similar Triangles

When all the angles of one triangle are
equal to the angles of another triangle, the two
triangles are said to be similar. This applies
not only to right triangles but to all triangles.
Thus, triangle A is similar to triangle B.

In similar triangles the sides have the
following relationship:

x_y_z
Xy 7

The comparison of x/x’ or x:x’ is called a
ratio. A ratio is a comparison of like quantities.
For example,

3 miles is to 9 miles as 5 miles is to 15 miles

2-11

An equation which has ratios as terms is called
. X . .

a proportion. Thus X=y= zl is a proportion.

You can apply the proportional relationship

to find unknown sides of a similar triangle. For

example,

10
l ]
00 5 '60 o 10Y'=80
30 30 v'-8

PROPORTIONAL RELATIONSHIP

Interior Angles

The sum of the interior angles of any triangle
is 180 degrees. Using this fact, we can prove that
two triangles are similar if two angles of one are
equal to two angles of the other. The remaining
angle in any triangle must be equal to 180°
minus the sum of the other two angles.

Similar Right Triangles

Two right triangles are similar if an acute
angle of one triangle is equal to an acute angle
of the other triangle. Since one angle of a right
triangle is 90°, the remaining acute angles
must be complementary. Thus, if one angle is
designated 8 (Greek letter theta), the other angle
is (90 — 6). Most of the uses of trigonometry are
based on the fact that two right triangles are
similar if one acute angle of one triangle is equal
to one acute angle of the other triangle. For
example,

SIMILAR RIGHT TRIANGLES
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With @ = @', triangle A is similar to triangle B
and x:x'=y:y =1z:z'. Note that x/x = y/y’
may be written x/y = x'/y’ without changing the
relationship. Also y/z =y'/z’ and x/z = x'/z’.
These relationships are the main principle of
trigonometry.

TRIGONOMETRIC TABLES.—Trigono-
metric tables are lists of the numerical values
of the ratios of sides of right triangles (see
Appendix II). The various relationships or ratios
of the sides are given special names. These
trigonometric functions are sine (sin), cosine (cos),
tangent (tan), cosecant (csc), secant (sec), and
cotangent (cot). The functions are illustrated in
the following example,

HYPOTENUSE OPPOSITE SIDE

e
ADJACENT S8IDE

Opposite Side

sin @ =

! Hypotenuse
Adjacent Side

cos f = ————

Hypotenuse
ite Sid

tan 6 = OpPosn e Sf e
Adjacent Side

csc 6 = Hypo.tenu?e _ .l
Opposite Side  sin

sec 6 = H?’potenus‘)e _ 1
Adjacent Side cos 6
Adjacent Side 1

cot 6 = =

Opposite Side " tan 6

The form of trigonometric tables is varied.
Some tables list the values of all six functions
and others list only the sine, cosine, and tangent.
Also, some tables express the angles in degrees
and tenths of degrees and other tables express
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the angles in degrees and minutes or simply in
degrees. The number of decimal places to which
the tables are calculated is a matter of required
accuracy. Appendix II is a trigonometric table
which may be used in this course. The prob-
lems that follow will illustrate the use of
trigonometry.

10000
30°

"won

USE OF TRIG FUNCTIONS

Solve for Rv and Rh:
sin E = l%and Rv=Rsin E

From the “‘trig’’ table you find sin 30°is .5 and
Rv = 10000 x .5 = 5000.

cosE=%andRh=RcosE

From the “‘trig’’ table you find cos 30° is .8660
and Rh = 10000 x .866 = 8660.

Y
> Y
E
X
x = 1000
y=700
For E and DMrh, tanE = ¥ = 700 _
X 1000

From the table you find the angle which has a
tangent equal to .7 is 35°; therefore, E = 35°.
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You can now find DMrh in several ways.

inE=—Y -
sin B = DMrh and DMrh =

Y
sin E

From the table you find sin 35° = .5736 and

__100 _
DMrh = 5736 — 1220
- X - X
cos E = DM and DMrh “E

From the table you find cos 35° = .8192 and

