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HOW DOES THIS WORK?

\A

This text has been designed to teach you new materials in a fashion called "programed instruction'.
After you have read the introduction, you will quickly see that the text is designed quite differently
than the normal book. Material has been divided into small increments, illustrations or examples
included, and many questions provided for your use. Programed instruction presents materials
in logical steps and it requires that you participate to derive full benefit from its use.

HOW DO I USE IT?

This text can be used with an ACceler-aide teaching machine, or by itself. Instructions for use
with the machine will be found in the machine. These instructions which follow are for use when
you have the text only. When you start through the programed series you will see that the pages

are designed as follows:

ILLUSTRATION
OR EXAMPLE
TEXT READ RIGHT ACROSS / (FRAME 1)

(FRAME 1) s

—_—__;‘ QUESTION
=— 1 _— (FRAME 1)

The book is written in a series of frames separated by dark lines. When you read the material,
the procedure to follow is:

1. Read the text material for a particular frame.

2. Next, read or view the illustration or example if there is one. This is located on
the opposite page from the text.

3. Read the question in the frame last, then compare your answer with the answer sheet.
The answer sheet is a fold-out page at the back of this text.

Note: If at any time an illustration or question is not present, simply continue on to the next
item. Should you answer a question incorrectly, then for best results, reread the frame.




REMEMBER THE ORDER: 1) Text 2) Illustration or example 3) Question and verification

Note: On many pages in this text you will see instructions such as:

TURN SELECTOR TO POSITION 1

These are for use with the ACceler-aide teaching machine. Disregard these statements
when you are using the text with no machine.

NOTE: *(ANSWER SHEET)*

When this text is used with no ACceler-aide machine, an answer sheet is found in the back of the
text. Simply fold out the answer sheet to expose the correct answers. For best results, cover
the answers with paper or a book marker - then expose them after you have made a choice.
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INTRODUCTION TO GUIDANCE/NAVIGATION

The field of guidance/navigation is one of the oldest precise sciences in existance. Ever since
man has existed, he has had to devise some method of determining where he is and how he must
proceed to reach his desired goal. In very early years, this was a simple and perhaps instinctive
function for man. It was a matter of passing from one familiar landmark to another. It wasn't
long, however, until man left land to sail the seas, and his guidance/navigation problem became
more complex. He used the stars to assist him in navigating, and to this day man relies

on the stars for both earth and space navigation. With the advent of ballistic missiles and space
probes, several new guidance/navigation techniques were developed for use in these high speed
vehicles. This book, in addition to discussing some of the general background information on
guidance/navigation, will specifically present one of these techniques; i.e., inertial guidance/
navigation. The material presented here is designed to introduce you to inertial guidance/
navigation so that the study of specific inertial instruments (gyroscopes and accelerometers) will
be more meaningful. At the completion of this text, you will not be an expert on inertial
guidance, but you should have an understanding of inertial guidance/navigation requirements and
basically how these requirements can be fulfilled. Although the time required to complete this
text will vary considerably from student to student, it is estimated that this text will take about

8 hours to complete.
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[TURN SELECTOR TO POSITION 1 |

(1)

NEWTON AND INERTIAL GUIDANCE/NAVIGATION

A text on inertial guidance/navigation is fittingly started with a discussion of Sir Isaac
Newton, for he advanced the equations and descripticns of motion which are the basis
for inertial guidance.

IMPORTANT
Appendix I of this text is a review of the most important terms which will be used in this
text. If you have any difficulty with these terms as you go along, or if you wish to
refresh your memory of basic terms before continuing, then proceed to Appendix I.
After reading Appendix I return to this point in the program.

Newton was born in 1642, During his 75 years, he discovered or invented many things
that are the basis for today's technological advances. Among his discoveries are
differential calculus, properties of light and colors, and the binomial theorem.

(3)

He was a well educated man, whose technical and scientific expression was somewhat
hampered due to timely public opinion and the controversial nature of some of his ideas.
In fact, if it had not been for one of his good friends tactfully persuading him to write the
"Principia", in spite of its controversial content, it never would have been written.

(4)

The '"Principia'’, published in 1686, is one of the most important documents ever written
by Newton because it contains his observations and interpretations of the tides, heavens
and the motion of objects on earth.




(1)

WE SHALL SEE THAT THE BASIC EQUATIONS OF MOTION DESCRIBED BY

NEWTON MANY YEARS AGO FORM THE BASIS FOR INERTIAL GUIDANCE.

3)

1
el
1



| TURN SELECTOR TO POSITION 1 |

(5) In the "Principia'', Newton documents his, now well known, three laws of motion.

laws form the basis for our entire system of dynamics.

These

(6) Let's look at each one of these laws and see what they imply.

1.

The first law really defines '"force' by saying any change in motion is caused
by ""something''; that ""something'' is a force. A body at rest tends to stay at
rest, a body in motion tends to stay in motion. Only an external force can
change these conditions (Inertia).

The second law says that the change in momentum of a body is directly
proportioned to the impressed force and in the direction of the force. The
momentum of a body is mass x velocity, if the momentum is changed then
the velocity must have changed. (Mass is constant.) A change in velocity is
called acceleration, thus the familiar expression F = MA.

The third law states that action and reaction are equal and opposite.
If a body ""A'"" exerts a force on a body '"B'', then''B'" simultaneously
exerts an equal and opposite force on ""A"". A force may not cause
actual motion but always tends to do so.

) All three of these laws are very important for the study of motions on earth or in space.
There is special significance in Newton's second law for it is this law that has direct
application to Inertial Guidance/Navigation Systems.

-10-



Newton's three laws:

1. Inertia - A body at rest tends to remain at rest,

Newton's first law dealing with
inertia indicates that an external
must be applied, for a

a body in motion tends to remain in motion
unless an external force is applied.

2. F = MA
(Force = Mass x Acceleration)

3. Action equals Reaction

body to change its present
condition of motion.

A. force

B. pressure

C. voltage

D. none of the above

When the action of the gases
expanding in the rifle chamber
of a fired weapon cause the
reaction of the bullet being
propelled, example of Newton's

law has been demonstrated.

A. fourth

B. first

C. third

D. none of the above

AS WE STUDY INERTIAL GUIDANCE/NAVIGATION
WE WILL SEE ALL OF NEWTON'S LAWS APPLY,
BUT OFTEN IT WILL BE MOST EVIDENT THAT
F = MA IS APPLIED (NEWTON'S SECOND LAW).

Shortly, when we study inertial
guidance/navigation, it will be
Newton's law which is
easily observed.

A, first

B. second

C. third

D. none of the above

“11-



ITURN SELEC TOR TO POSITION 2
(8) DEFINITION OF INERTIAL GUIDANCE/NAVIGATION

Inertial Guidance/Navigation Systems are really the mechanization of Newton's laws
governing motion. The sole purpose of mechanizing these laws is to provide information
for navigating from one point to another.

9) Inertial Guidance/Navigation Systems are used in rockets, missiles, aircraft and
submarines. These systems have the unique capability of being able to provide
continuous navigation/guidance information without having any command communications
from outside the vehicle.

(10) We can summarize by saying, 'Inertial Guidance/Navigation Systems are completely
self-contained units which rely solely on the mechanization of Newton's laws of motion
for required data."

-12-



(8)

AS WE STUDY INERTIAL GUIDANCE AND NAVIGATION SYSTEMS, WE WILL SEE
NEWTON'S LAWS BEING MECHANIZED FOR THE PRIMARY PURPOSE OF
PROVIDING INFORMATION NEEDED TO NAVIGATE FROM ONE POINT TO
ANOTHER.

(9)

ONE OF THE BIG ADVANTAGES OF INERTIAL GUIDANCE/NAVIGATION SYSTEMS
IS THAT THEY PROVIDE THE NECESSARY INFORMATION WITHOUT RECEIVING
SIGNALS WHICH ARE EXTERNAL TO THE VEHICLE.

(10) One of the biggest advantages of
inertial guidance/navigation
systems is that they:

INERTIAL GUIDANCE AND/OR NAVIGATION
SYSTEMS ARE COMPLETLEY SELF —
CONTAINED.

are self-contained.
are radio controlled.
need no power.

all of the above.

Bowy»

-13-
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(11) THE GUIDANCE PROBLEM
We said that Newton's second law was the primary source of concern when referring to
Inertial Guidance/Navigation Systems. Let's look at how we can relate this law with the
problem to be solved.

The Problem: To have the capability of proceeding from a given point (on earth or
in space) to another point (on earth or in space) knowing only the exact position of
the start point and the destination.

Considerations:

The two points can be any distance apart.

A venicle of some kind must carry the Inertial Guidance/Navigation System and must
respond to its commands. (The vehicle could be a ship, car, rocket, aircraft or any
meang of transportation which is capable of reaching the destination.)

The Solution: By mechanizing Newton's second law (F = MA) a determination of
acceleration can be made. Once acceleration is known, it is a matter of arithraetic
manipulation to obtain velocity and distance.

(12) It is important that we know certain facts about the Guidance/Navigation problem and its
solution in order to do an efficient job. We must know the exact position of the start
point and the exact position of the destination.

This information will give us the capability of determining:
a. The distance to be traveled.
b. The direction in which to travel.
c. The approximate time of travel at a given velocity.
d. The most appropriate route to travel.
(13) Let's assume that we have a device which will measure acceleration. Because it does

measure, or meter, acceleration we'll call it an "accelerometer'. Within the box is
some mechanization of Newton's laws which enable us to determine the acceleration that
the accelerometer undergoes.

-14-



(11) THE GUIDANCE PROBLEM BOILS DOWN TO The guidance problem basically
"GETTING FROM A KNOWN POINT" TO consists of traveling from:
"ANOTHER KNOWN POINT".

all of these answers are
correct.

land to sea.

land to space to land.

one known point to another
known point.

Mechanizing Newton's law (F = MA) we will We will mechanize devices which
develop a device which will sense and indicate use Newton's second law, F = MA,
acceleration. Mathematically, the system in order to sense:
will then derive velocity and distance.

A. velocity.

B. acceleration.

c. distance.

D. none of the above.

(12)

THE DEVICE WE SHALL USE TO
SENSE ACCELERATION IS LOGICALLY
CALLED AN ACCELEROMETER.

-15-














































































































































































































































































































































































































































































































































