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SUBCOURSE OVERVIEW

This  subcourse  presents  the  methods  and  procedures  for  preparing map  overlays and  viewgraph
transparency overlays.  You learn  the  standard  symbols used for  creating concise, yet informative
graphics.  You will also learn the  procedures for  producing diazo-processed transparencies used for
overhead projection.

There are no prerequisites for this subcourse.

This subcourse reflects the doctrine which was current at the time it was prepared.  In your own work
situation, always refer to the latest official publications.

Unless otherwise stated, the masculine gender of singular pronouns is used to refer to both men and
women.

TERMINAL LEARNING OBJECTIVE

ACTION: You will learn to create map overlays, using the Army's standard symbols to provide
clear and concise information to field commanders.  You will also learn the methods
for producing viewgraph overlays used for overhead projection.  You will learn to
create the overlay masters and develop them using the diazo process.

CONDITION: You will be given information and an attached extract from FM 101-5-1; STP 11-
25M13-SM-TG; and NAVEDTRA 10472.

STANDARD: To demonstrate competency of this task, you must achieve a minimum score of 70%
on the subcourse examination.
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LESSON 1

PREPARE MAP OVERLAYS

Critical Task: 113-579-5060

OVERVIEW

LESSON DESCRIPTION:

In this lesson you will learn to identify the methods and components used to prepare map overlays.
This includes the procedures for orientation, use of standard symbols, and adding marginal information.
You also will learn the techniques used to construct the overlay.  In lesson 2 of this subcourse you will
learn the procedures for preparing viewgraph overlays.

TERMINAL LEARNING OBJECTIVE:

ACTIONS: a.  Explain the methods and components used to prepare a map overlay.

b.  Identify the operational symbols used in conjunction with map overlays.

c.  Describe the  techniques used for  preparing an  accurate and  informative map
overlay.

CONDITION: You will be given information and an extract from FM 101-5-1, and information
from STP 11-25M13-SM-TG.

STANDARD: You will explain the  methods,  components, and techniques of  map overlays, and
identify the standard symbols in accordance with FM 101-5-1 and STP 11-25M13-SM-
TG.

REFERENCES: The material contained in this lesson was derived from the following publications:
FM 101-5-1 and STP 11-25M13-SM-TG.

INTRODUCTION

As a Multimedia Illustrator, MOS 25M, one of your more challenging tasks will be that of preparing
overlays for visual presentations.  Your ability to create effective overlays makes the difference between
successfully communicating important messages, or presenting unorganized, confusing, or incorrect data.
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There  are  three  types of  overlays you may  be  called  upon  to  create:  overlays for  camera-ready
mechanicals (CRMs), overlays for viewgraph transparencies (VGTs), and map overlays.  This subcourse
covers the procedures you use to prepare map overlays and VGT overlays.

You use overlays to  aid in  presenting plans, ideas, battlefield representations, and  proposals to  the
commander.  The quality of your product enhances or deters the decision-making process.  Make your
overlays a reliable illustrative tool, capable of communicating the necessary ideas and messages needed
for your unit's mission accomplishment.

This lesson introduces you to the methods and components of preparing map overlays.  We identify the
symbols used to make the process more clear and concise.  We then discuss the techniques you use to
prepare your map overlay.  Lesson 2 of this subcourse covers the procedures used for preparing overlays
for viewgraphs.

PART A - IDENTIFY METHODS AND COMPONENTS OF MAP OVERLAYS

As a  graphics documentation  specialist  operating  in  a  field/combat  environment,  you  face  many
challenges.  You must  meet  the  graphic needs  of  your unit  despite often  not  having the  correct
equipment, operating in adverse weather conditions, and most always with little time available.

As your unit's graphics specialist, you must create accurate map overlays showing routes of traffic and
overlays that support decision making and briefings.  When deployed, you create situation overlays that
show troop movements  and  locations, both  friendly and  enemy.  Your  accuracy in  preparing this
information is critical to your unit's survival.

1.  General.

An  overlay  is  a  transparent  or  translucent  medium  upon  which  you  plot  special  information
superimposed on a map, photograph, or other graphic used as a base of reference.  When using map
over-lays, the overlay must use the same scale as that used on the map.  This allows the details on the
overlay to appear in their true position with respect to the base.

2.  Preparing a Map Overlay.

There are three basic steps in the preparation of a map overlay.  The three steps are orientation of the
overlay material, plotting and  symbolization  of  details, and  the  addition  of  any required  marginal
information.
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a. Material Orientation.  You must first assess the requirements of the requested task.  Ideally,
the request will be defined on a Visual Information (VI) Work Order Department of the Army (DA)
Form 3903-R.  Check the work order form to determine what you need to complete the project.  Figure
1-1 illustrates a sample DA Form 3903-R.

Figure 1-1.  VI work order DA Form 3903-R (front)
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Figure 1-1 (cont.).  VI work order DA Form 3903-R (back)

Once you know what you need, gather your materials (correct map sections, tracing paper, pencils, tape,
etc.).

To orient your overlay material, place it over the map area you want to annotate, and, if possible, tape it
temporarily to the map.  You now trace the grid intersections nearest the two
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opposite corners of the overlay and label each with the proper grid coordinates (see figure 1-2).

Figure 1-2.  Marking overlay registration marks

The grid registration marks show the receiver of the overlay exactly where it fits on his map.  Without
them, he will have difficulty in orienting your overlay on his map.  You must include at least two grid
registration marks, and they must include the grid identifiers (coordinates).

b. Plotting and Symbolization.  Plotting and symbolization of the details are essential.  When
plotting,  use  standard  color  pencils  or  markers  where  possible.   Otherwise plot  the  activities or
information with a pen or pencil that makes a lasting mark without cutting your overlay material.

(1) Use standard symbols.  Use standard topographic or military symbols whenever possible.
You must annotate nonstandard symbols in the legend of the overlay.  Since overlays supplement orders
and reports, the recipient has the  identical map.  Therefore, you need only show the detail directly
concerned with the report.  To assist you in keeping your overlays clear and concise, the Army uses a set
of standard military symbols.  The Army developed this set of symbols from the North Atlantic Treaty
Organization (NATO) Standardization Agreement (STANAG) 2019.  Appendix B of this subcourse is a
comprehensive description of the standard system for military symbols.
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(2) What  a military symbol is.  Military symbols are graphic aids that  accurately identify
items of  operational interest.  A military symbol is a sign composed of a diagram, number, letter,
abbreviation, color, or any combination thereof.  These symbols identify and/or distinguish a particular
military unit, activity, or installation.  Avoid departing from using these standard symbols whenever
possible.  When you must improvise a nonstandard symbol, annotate its meaning in the accompanying
legend.

(3) Keep to  good military symbology.  Military symbols lose their  value if they become
complicated or cluttered with unnecessary detail.  Remember that simplicity, uniformity, and clarity are
the keys to good military symbology.  The following paragraphs briefly summarize the identification of
military symbols.  The page numbers indicated in parenthesis () refer to the appropriate page in appendix
B.  If you have need for more detailed descriptions of these symbols and their use, refer to appendix B.

(4) Kinds of symbols.  Military symbols usually consist of:

(a) Basic and interservice symbols (App B, p B-6).  Geometric figures form the basic
symbols to  represent  units,  installations,  and  activities.  Figure 1-3 shows examples of  some basic
symbols.

Figure 1-3.  Basic and interservice symbols
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(b) Service markings.  For interservice use, the Army, Air Force, Navy, and Marine Corps
each have distinctive markings (App B, p B-7).  Figure 1-4 shows the service designator for each service.
Note that the military symbols referring to Army units have no special designator.

Figure 1-4.  Service designator symbols

(c) Unit size symbol (App B, p B-8).  You show the size of units or installations by
placing the appropriate size indicator directly above the basic symbol.  Figure 1-5 shows examples of
units with their size indicator affixed.

Figure 1-5.  Unit size indicators
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(d) Unit role indicators (App B, p B-9).  You place branch or functional role indicators
inside the basic symbol.  More than one role indicator may appear within the basic symbol to denote its
exact function.  Figure 1-6 illustrates some examples of unit role indicators.

Figure 1-6.  Unit role indicators

(e) Installation role indicators (App B, p B-16).  Installation role indicators are similar in
purpose as unit  role indicators except that  they apply to  installations vice units.  Figure 1-7 shows
examples of installation role indicators.

Figure 1-7.  Installation role indicators
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(f) Equipment indicators (App B, p B-22).  You use equipment indicators to show the
type and location of equipment deployed.

• You use weapons symbols on your map overlay to indicate the type, size, and location of the
particular weapon.  The base of the symbol indicates the exact location (App B, p B-22).

• You indicate vehicles (except armored) by combining two types of symbols: one for the body
type, the other for the means of mobility.  Refer to appendix B, page B-25, for an example of
a vehicle symbol.  Notice that the body type symbol is in the top position and the mobility
symbol is in the bottom position.

(g) Aviation symbols (App B, p B-26).  You use aircraft symbols to indicate the location
and type of aircraft.  Figure 1-8 shows examples of Army and Air Force aircraft.  Note the difference in
the symbols used for Army and Air Force.

Figure 1-8.  Aviation symbols

(h) Communications and Electronics (C-E) Emitter Symbols (App B, p B-28).  You use
C-E symbols to indicate the location and types of electromagnetic emissions.  Figure 1-9 illustrates some
examples of C-E emitter symbols.
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NOTE: Not all components must be used.  Remember to keep your overlays as simple as possible.

You use these military symbols in conjunction with  all types of  situation maps and  overlays, field
sketches and overlays, arterial photography, and organizational charts.

Figure 1-9.  C-E emitter symbols

c. Marginal Information.  The addition of marginal information on your overlay is important.
When you complete plotting or tracing all required information on your overlay, you print the marginal
information as close to the lower right-hand corner as possible.  The marginal information may include
the following (see figure 1-10).

(1) Classification.  The security classification must correspond to the highest classification of
the map or the information contained on the overlay.  If unclassified, so state.

NOTE: The classification also must be placed at the top center and the bottom center of the overlay.

(2) Title.  The title tells the reader the purpose or objective of the overlay.

(3) Time and date.  Your overlays should contain the latest information when you prepare it.
It is important for the receivers to know the exact time of preparation in order to determine its reliability
and usefulness.
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(4) Map reference.  The map reference should include the sheet name, sheet number, map
series number, and the scale of the applicable map.

(5) Legend.  You use a legend only when the situation requires you to include nonstandard
symbols on your overlay.

Figure 1-10.  Map overlay with marginal information

(6) Additional  information.   Include  any  additional  information  that  amplifies  the
information on the overlay.  Again, make this information as brief and simple as possible.
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PART B - MAP OVERLAY TECHNIQUES

Situation maps and overlays provide commanders and their staff with a rapid and easily understood
means to express operational plans, concepts, or situations.  The combination of the symbols identified
in part A of this lesson, and the objectives, boundaries, routes and other measures identified in this part
of the lesson, creates an indispensable tool for a quick and accurate portrayal of the battle activity.  To
relay this tactical information without confusion requires standardization of techniques.

This part of the lesson establishes guidelines for the pictorial representations of these tactical situations.

3.  Use of Color.

Ideally, you use different colors to depict enemy and friendly symbols.  However, since you may not
always have different colors at your disposal, you may use a single line to denote friendly symbols, and
double lines to indicate enemy symbols.  Figure 1-11 illustrates an example of single-color symbols that
show friendly and enemy front lines.

Figure 1-11.  Single-color symbols

When you have multicolors available, the following colors denote information as indicated:

a. Blue or Black.  Blue or black indicates friendly units, posts, installations, equipment, etc., not
covered by other colors.

b. Red.  Red indicates enemy configurations not covered by other colors.

c. Yellow.  Yellow indicates friendly OR enemy chemical, biological, or radiological areas.

d. Green.  Green indicates friendly OR enemy man-made obstacles or obstructions.

If you use other colors than those above, you must explain their use and meaning in the accompanying
legend.
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NOTE: When overlays are transmitted by facsimile, only black and white are possible.  Use the
abbreviation EN to indicate enemy locations.

4.  Use of Fields.

A field  is a  designated  area around  a  basic symbol that  you use to  display a  particular item  of
information.  This information may be another symbol (such as a size indicator), words, or letters.

Some fields only apply to friendly forces; others only apply to enemy forces.  You position the fields
around the basic symbol to provide the necessary amplifying information.  Some fields are mandatory,
others are optional.  See appendix B for a detailed description of fields (App B, p B-77), and how you
use them to clearly and concisely depict the information conveyed by the symbol.  Figure 1-12 shows
how you develop fields around the basic symbol.

Figure 1-12.  Use of fields

5.  Symbols for Location.

You use basic unit and installation symbols to indicate their location.  The center of the mass of the
symbol indicates the general vicinity of the center of the unit.  If you need to indicate a location more
precisely, use the basic symbol mounted on a staff, which you extend or bend so that the end of the
staff points to the precise location.

You may want to include dates and times under or inside your symbol for such items as opening an
observation post or the expected establishment of a unit headquarters (HQ).  You use solid line symbols
to represent a present or actual location.
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Use a broken line symbol to represent a future or projected location.  For a detailed description of
location symbols and other symbols for the ground environment, refer to appendix B.  Figure 1-13
shows examples of a present and a future location, with the date and time affixed.

Figure 1-13.  Present and future location symbols

6.  Symbols for Points, Lines, and Areas.

a. Points (App B, p B-31).  There are a variety of symbols used to indicate a specific point of
military interest.

b. Lines (App B, p B-33).  Lines connect two given points, either directly or by means of
interconnecting points.  A line must be determined by at least two grid references.  Figure 1-14 shows a
graphic illustration of a forward line of own troops (FLOT).

Figure 1-14.  FLOT line

c. Areas (App B, p B-39).  An area designates a specific piece of terrain or space.  You specify
this area with an
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irregular line.  You indicate the activity taking place within the area by the letters and/or numbers within
the irregular line.  Figure 1-15 illustrates a free-fire area (FFA).

Figure 1-15.  Free-fire area

7.  Symbols for Routes, Obstacles, Crossings, Movements, and Fire Planning.

a. Routes (App B, p B-45).  A route is a line, undefined in each direction.  As soon as a
direction is shown, the route becomes a nonstatic activity.  It is the prescribed course to travel from a
specific point of origin to a specific destination.  Figure 1-16 shows a route depicting a direction of
attack.

Figure 1-16.  Direction of attack

b. Obstacles (App B, p  B-48).  An  obstacle is any natural  or  man-made  obstruction  that
canalizes, delays, restricts, or diverts movement of forces.  There are four types of obstacles: points,
demolitions, linear, and minefields.  Figure 1-17 shows an obstacle of an antitank ditch reinforced with
antitank mines.
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Figure 1-17.  Antitank obstacle

c. Crossings (App B, p B-52).  A crossing site is a location along a water obstacle that provides a
favorable crossing point, depending on the situation and the equipment you have available.  Figure 1-18
shows examples of various types of crossing sites.

Figure 1-18.  Crossing sites

d. Movements (App B, p B-54).  There are two basic types or classifications of movements:
general  and  specific.  General  movement  symbols  use  boundaries,  while  specific symbols  control
direction.  Figure 1-19 shows the symbology used to depict a general turning movement.
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Figure 1-19.  General turning movement

e. Fire Planning (App B, p B-58).  Fire planning symbols follow the same rules as either points
or lines.

8.  Boundaries.

Maps, and often your overlays, include boundaries.  You show boundaries by using a solid line.  You
indicate proposed boundaries with broken lines.

a. Lateral Boundaries.  You include the size of the largest unit, and designation of the highest
unit  and/or  national  designation  with  lateral  boundaries.   Figure  1-20  shows examples of  lateral
boundaries.

Figure 1-20.  Lateral boundaries
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b. Rear Boundaries.  When indicating rear boundaries, the size indicator along the boundary
corresponds to the smaller unit or the commanded unit, and not the commanding unit.  Figure 1-21
shows examples of rear boundaries.

Figure 1-21.  Rear boundaries

9.  Battlefield Activities.

The preceding paragraphs introduced you to a variety of symbols.  These symbols, when used alone,
provide a specific piece of information.  When you use these symbols in combinations on an operations
overlay, we get a  picture of  the  battlefield.  These may depict offensive, defensive, or  retrograde
situations.  Appendix B, p B-90, illustrates an example of a defensive control measure.

10.  Summary.

In this lesson, you learned the symbols and techniques you use to prepare map overlays.  Since this
subcourse is a  basic introduction to  preparing map overlays, you may need  additional information.
Appendix B details the use of symbols.  Review this extract to enhance your knowledge and recognition
of map overlay symbols.  Appendix B, p B-89, identifies branch symbols that  are unique to certain
NATO allies.

In lesson 2 of this subcourse, you will learn the techniques you use to prepare overlays for viewgraphs.
Before proceeding to lesson 2, complete the practice exercise.  Check your answers with the practice
exercise answer key and feedback sheet.  If any of your answers are incorrect, review the area indicated
until you understand the material.  After successfully completing the practice exercise, proceed to lesson
2.
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LESSON 1

PRACTICE EXERCISE

The following items will test your grasp of the material covered in this lesson.  There is only one correct
answer for each item.  When you complete the exercise, check your answer with the answer key that
follows.  If you answer any item incorrectly, study again that  part of the lesson which contains the
portion involved.

Situation: You are the graphics documentation specialist for your unit.  You are briefing your unit on the
maps and map overlays you will use for your upcoming exercise.

1. The symbol shown below indicates that the installation depicted is from which service?

A. Army
B. Navy
C. Air Force
D. Marine Corps

2. Which of the following colors should you use for overlay symbols depicting enemy radiological
areas?

A. Blue
B. Black
C. Yellow
D. Magenta

3. The basic symbols alone may not  convey all the necessary information.  In order to provide
more complete data, you add amplifying information to the basic symbol.  Where should you
place this additional information?

A. In the legend
B. In the footnotes
C. In the surrounding fields
D. In the marginal information
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4. The symbol shown below indicates which of the following on a map or map overlay?

A. An obstacle
B. A FLOT line
C. A free-fire area
D. A river crossing site
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LESSON 1

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Item Correct Answer and Feedback

1. D. Marine Corps

The  basic  symbol  is  modified  with  a  service indicator  when  preparing graphics  for
interservice use.  Symbols for Army units and installations require no modifying indicator.
The basic symbol is assumed to represent an Army component unless otherwise modified
(page 1-7, para 2b(4)(b))

2. C. Yellow

When you have different colors available, you use color as a standard distinguishing part of
the symbol.  You use the color yellow to indicate chemical, biological, or radiological areas
of friendly or enemy forces (page 1-12, para 3c).

3. C. In the surrounding fields

You use fields whenever necessary to provide additional information for the symbol being
used.  Some fields are mandatory, some are optional (page 1-13, para 4).

4. A. An obstacle

Obstacles are natural or man-made obstructions that hinder the movement of forces.  In
this case, the obstacle is an antitank ditch reinforced with a minefield (page 1-15, para 7b
and page 1-16, figure 1-17).
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LESSON 2

PREPARE VIEWGRAPH OVERLAYS

Critical Task: 113-579-5060

OVERVIEW

LESSON DESCRIPTION:

In this lesson you will learn the procedures for preparing viewgraph overlays.  You will learn design
techniques for  preparing a VGT master, methods of  diazo film processing, and  the  procedures for
operating an Ozalid diazo processing machine.  Finally, you will learn the methods for mounting the
VGTs and VGT overlays for presentation on the overhead projector.

TERMINAL LEARNING OBJECTIVE:

ACTIONS: a. Identify the methods for designing and preparing a VGT, including caption and
text lettering.

b. Explain the procedures for preparing a VGT master.

c. Describe  the  process  of  diazo  reproduction,  including  the  process  of  color
separation.

d. Describe the procedures for operation of an Ozalid diazo processing machine.

e. Explain  the  methods  for  mounting  VGTs  and  hinging  VGT  flips  for
presentations.

CONDITION: You  will  be  given  information  from  FM  101-5-1,  STP  11-25M13-SM-TG,  and
NAVEDTRA 10472.

STANDARD: You will identify and explain the procedures for preparing and reproducing VGTs and
VGT flips, and describe the  operation of  the  Ozalid diazo processing machine in
accordance with STP 11-25M13-SM-TG.

REFERENCES: The material contained in this lesson was derived from the following publications:
FM 101-5-1, STP 11-25M13-SM-TG, and NAVEDTRA 10472.
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INTRODUCTION

Considering the size and complexity of today's Army, it is hard for commanders to keep track of the
multitude of information they receive on a daily basis.  Everyday, commanders receive statistical data
and operational information that guides them in their decision-making process.  They must receive this
data clearly and in a timely fashion to make their command decisions.

With the use of visual aids, you can prepare this data for presentation shortly after receipt.  You must be
able to prepare these aids easily and quickly, and in a fashion that lets you change or update them as
required.  The use of  visual aids makes it  possible to  take quicker action and to  cover more vital
information than otherwise possible.

This part of the lesson describes the basic techniques you use for preparing VGTs for projection.  You
will learn to prepare the master copy for the overlay.  In part B of the lesson, you will learn to transfer
the master to diazo film.  You will go through the steps to expose and develop the film, and then
mount it in a permanent protective frame.

PART A - IDENTIFY VIEWGRAPH COMPONENTS

The preliminary information you need for preparing viewgraph overlays is projectional design and the
lettering size.  To  communicate ideas or  to  show information  properly, your overhead projections
(viewgraphs) should be simple, direct, and to the point.  The illustrations should be pleasing to the eye,
but  do not  lose the  meaning of  the  message by using fancy frills or unnecessary detail.  Another
important  factor is legibility.  To ensure that  your graphics are effective, make them visually fluent,
conveying the requestor's ideas clearly and concisely.  As with your map overlays, simplicity should be
your watchword when making VGTs.

1.  Design.

You design VGTs and VGT overlays to project on a screen using an overhead projector.  The VGTs are
usually 7 1/2 inches by 9 1/2 inches (aperture area).  The glass surface of most overhead projectors is 10
X 10 inches.  Although you can use all the projector's glass surface for projection, you should avoid
using the outer edges, as this causes distortion at the extremes.

When  you design your VGT, use a horizontal format.   This means that  you place the  9 1/2-inch
dimension of the VGT horizontally on the projector.  The horizontal format is preferable to a vertical
format, as some parts of vertical VGTs are difficult to see in some environments.  Horizontal formatting
also ensures that the projected image fills as much of the viewing screen area as possible.
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2.  Lettering.

Most VGTs you will design contain text, or at least captioning.  You should construct your captions and
lettering large enough for  normal viewing by persons of  normal  vision.  Most  lettering should be
uppercase, as uppercase letters are larger and easier to read at a distance.

To find the minimum letter size for a 7 1/2 inch projectional, you must know two factors; the distance
in feet from the projector to the screen, and the distance in feet from the screen to the farthest viewer.
With  this  information,  and  using a  nomograph  (see figure 2-1), you can  find  the  recommended
minimum letter height in inches as follows.

Figure 2-1.  A lettering nomograph
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a. Plot the  points that  correspond to  the  known distances on  the  appropriate scales of  the
nomograph.

b. Draw a straight line through these points, extending the line until it intersects the vertical
scale at the right.

c. The last point of intersection gives you the minimum height of the lettering in inches.

Make your letters as large as reasonably possible.  Lacking the use of the nomograph, a good rule of
thumb is to use no lettering smaller than 14 point (approximately 3/16").

3.  Methods.

You  may  make  your  viewgraphs  and  overlays  by  hand,  or  you  may  make  them  using  a
mechanical/chemical process, e.g., diazo.

a. Handmade Viewgraphs.  The simplest form of viewgraph is a handmade projectional.

(1) You make the handmade viewgraphs by drawing or writing on a clear sheet of acetate
with a grease pencil or with a plastic marking pen.  You can easily erase the acetate with a cloth to make
corrections and updates, or to reuse the plastic.

(2) Stabilo pencils work well for finely detailed drawings or copy.  They work well on most
any type surface.

(3) Felt tip pens are useful for  coloring small areas.  Since the  colors of these pens are
transparent, you must apply them carefully.  Each overlapping stroke deepens the tone and may produce
uneven coloring.

(4) The  use of  standard  drawing ink presents a  problem.  The  clear acetate sheets  are
smooth, and therefore do not absorb the ink.  The practice of roughing up the surface of the plastic with
a fine abrasive (such as talcum powder or pumice) or an eraser enables the surface of the acetate to hold
the ink.  Unfortunately, the use of abrasives scratches the surface of the acetate.  These scratches appear
as dark marks on the screen.  Using special acetate inks eliminates this problem.

(5) Since you do  not  normally mount  these handmade transparencies, they are not  very
durable.  They tend to wrinkle, smudge, and tear.  For more permanent products, you will want to
produce mechanically- or chemically-processed overlays.

b. Diazo Transparencies.  The handmade method of preparing viewgraphs is fast and simple.
You use this method when time is
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short, or when graphic equipment is unavailable.  When not required to work under these constraints,
mechanical/chemical processing provides you a more professional and durable product.

(1) The diazo process.  The diazo process is the most commonly used method for producing
top quality viewgraphs for briefings and training materials.  The term "diazo" refers to organic emulsion,
which creates color through exposure to light, and the  development of the image on film by using
ammonia.  The diazo process makes use of specially treated films and paper, and a diazo process printer
to expose and develop these materials.

(2) How the diazo process works.  Diazo film, or foils, and the paper are treated with a
mixture of diazo salts and an azo dye.  These salts are sensitive to light, especially ultraviolet light.
When you expose the film to ultraviolet light, it chemically changes so that no image appears.  If the
coating is not exposed, and is developed in an alkaline medium, the diazo salts combine with the azo
dyes to form a color image.  Through the use of various dyes, you may create many colors on the
acetate.  Figure 2-2 illustrates how the  chemical reaction of  the  diazo emulsion, when exposed to
ultraviolet light and developed using ammonia, forms images on the film.

(3) Using the diazo process.  There are three major operations involved in producing VGTs
using the diazo process:

(a) Preparing the diazo masters.

(b) Exposing and developing the diazo film.

(c) Mounting the diazo transparency.

PART B - MAKE A VGT WITH THE DIAZO PROCESS

4.  Preparing the Master.

One of the keys to successful diazo VGTs is the materials you use to prepare your master.  A diazo
master works on a principle that opaque image areas prevent ultraviolet light from striking the diazo
film, while nonimage areas let the light through to expose the film.

With  this in mind,  the  base material for the  diazo master should be made of  transparent  film or
translucent paper.  Use a high quality tracing paper.  Select a paper grade with a fine fiber texture, and
use the same kind for all masters.  This eliminates changing exposure times.
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Figure 2-2.  Simplified diazo process

a. Preparation.  To prepare a master, make an actual size drawing on a sheet of tracing paper.

(1) You prepare the master using any available means, such as tracing a projected image,
tracing existing materials, tracing from a rough, or creating your own drawings.

(a) You can draw any layout work directly on your master using a light blue pencil, as
light blue does not reproduce on a diazo reproduction machine.

(b) When tracing existing materials such as a photo or map, place a sheet of tracing paper
over it and ink in all required lines.  This, of course, produces results in a one-to-one ratio.  If you
require other than a one-to-one image, you can enlarge or reduce either the original or the tracing using
a device such as a process camera.  These camera images provide good originals for the diazo process.
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(2) Prepare the master with at least two registration marks.  Locate the register marks in
opposite corners of the master.  Position the marks so that they lie outside of the aperture form so that
they do not project onto the screen (see figure 2-3).

b. Materials.  Tracing paper is the basic material used for diazo masters.  Translucent paper lets
light pass through easily and provides a desirable working surface for pencil or ink.

Figure 2-3.  Master register marks

(1) Drawbacks of translucent tracing paper.  Although translucent tracing paper makes good
masters, it does have certain drawbacks.  When used for color separation, it is hard to see through,
especially when preparing several overlays.  It tends to wrinkle when you apply tape or large amounts of
ink to the paper.  Also, the exposure time is relatively slow in the reproduction step.

(2) Mylar, an excellent master material.  Mylar, a transparent polyester film, is an excellent
master material.  Being transparent, it allows maximum light passage and facilitates color separation well.
Mylar  is  dimensionally  stable  and  holds  adhesive  tapes,  paste-up  letters  and  symbols,  or  other
photographically reproduced images firmly on the film.  Mylar also is available with a matte surface.
The matte surface is porous, making for easier and better inking.

c. Colors.  If your VGT requires more than one color, you must prepare a separate master for
each color, using a process called color separation.

(1) Using too  many  color  sheets  per  viewgraph  affects  the  amount  of  light  projected,
resulting in a dull image.  You should not exceed five sheets per viewgraph.
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(2) To reduce the number of sheets, you may superimpose one color on top of another, thus
producing a third color.  For example: blue on yellow produces green; red on yellow produces orange;
red on blue produces violet, etc.  It is a good rule to keep these combining colors light.  This keeps them
from becoming too dark for projection on the screen.

(3) When you make multicolor viewgraphs, you make a black (KBK) copy first.  On your
second sheet, ink in the image to appear on the first color foil.  Continue this process for each color
required.  Diazo materials come in many colors.  Figure 2-4 lists some common acetate materials.

Figure 2-4.  Acetate diazo materials

d. Light-blocking Techniques.  When preparing your master, you may decide to block, or mask,
certain areas of your master sheet.  There are several techniques for blocking or masking.

(1) Used card-weight diazo paper is a good, inexpensive material for masking a large area of
color when the area is not complicated in shape.  To make an opaque mask, print a copy of the master
on diazo-weight stock.  Then cut out the image area using a knife or scissors.  Next, mount the mask in
its position on a sheet of mylar.  The masked area prints as a color on the diazo film.
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(2) You  may  attach  nonadhesive  materials,  like  card-weight  paper  to  mylar,  by  using
translucent plastic tape.  Although it lets light pass during exposure, and may be visible on the master,
this tape will not reproduce on the developed sheet.

(a) In selecting plastic tape for this purpose, you get the best results from one having a
thin base and high translucency.  This type tape does not pucker or shrink as does ordinary cellophane
tape.  You can place a strip of this tape on the margin of the master for making pencil notations.

(b) Do not use masking tape or other opaque tapes for this purpose, as their images show
up in the developed copy.

(3) The most common film used when producing an intermediate is K-MAX and contact
reversal film.  Sepia intermediates make good transparency masking materials.

(a) To use a sepia diazo sheet as a mask, fully develop an unexposed KSP, K-MAX, or
501LC sheet of film.

(b) Place the developed film on a sheet of mylar over the master.  Since this film is
transparent, you can see through it to cut out the image area.

(c) Then mount the image area in position on the sheet of mylar using transparent tape.
The image area covered by the sepia intermediate then prints as a solid color on the diazo sheet.

(4) Several companies manufacture the transparent, nontranslucent, self-adhesive film that is
ideal for making color separation.  You apply these adhesive films over a sheet of mylar (they may come
with their own mylar backing).  Since the film is transparent it is easy to see through and work with.

(a) To make the color separation, cut around the desired image area with a #11 X-acto
knife.  After making the complete unit, remove the film from all nonimage areas.  Since ultraviolet light
does not pass through the film, areas protected by it print on the diazo sheet.

(b) This film is usually ruby red (rubylith) or orange (amberlith) in color, and it reacts
identically when used as a masking material or for making color separations.

(5) Ruby red film also is available in tape form.  You may use transparent yellow tape in
much the same way as the ruby
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red since both block the ultraviolet light effectively.  Opaque tapes are available in various sizes ranging
from 1/16 inch and up.  These tapes are very useful for line work on film.

Once you have completed preparing your master, you are ready to transfer it to diazo film.  You transfer
the master chemically, using a diazo processing machine.

5.  Diazo Processing Equipment.

Several companies manufacture diazo processing equipment.  The major difference between machines is
the size of materials they accommodate.  There are four major sections to diazo machines: printing,
developing, cooling, and exhaust.

a. Printing Section.  The printing section consists of four basic units: light source, reflector
assembly, print cylinder, and feed belts.  Figure 2-5 shows the basic operation of the printing and the
developing sections.

(1) For the reproduction process, you insert the original (master) and the diazo material into
the machine.

(a) You place the diazo material emulsion side up on the freeboard, with the original
placed on top.  The feedbelts carry the materials around the revolving print cylinder, exposing the diazo
material.

(b) After exposure, the pick-off assembly picks off the original and the print, and directs
them toward the developing section.

(2) After the pick-off, the guide roller directs the original and the print to the separation
tanks.  This assembly separates the original and the print.  The original moves out of the machine and
the print moves to the developing section.

b. Developing Section.  The developing section consists of a perforated stainless steel tank and a
feed system.  A supply tank continuously feeds the developing tank with ammonia at a rate of 50-60
drops per minute.

Electric heating rods in the developing tank heat the ammonia to accelerate the formation of ammonia
vapors.  These vapors escape through the perforations of the tank, and activate the image on the print.
Figure 2-6 illustrates a basic ammonia flow system.
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Figure 2-5.  Diazo process operation
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Figure 2-6.  Basic ammonia flow system

c. Cooling and Exhaust System.  The cooling and exhaust system prevents excessive amounts of
heat or ammonia vapors from reaching the atmosphere of the room.  The system consists of blowers
driven by a motor  to  remove heat  and  vapors from the  machine enclosure.  This creates a partial
vacuum within the machine, keeping the air within.

6.  Operation of Diazo Processing Equipment.

The process of exposing and developing your films is important in the quality of your product.  The
following paragraphs discuss the process of diazo reproduction.  Following this discussion is a step-by-
step procedural guide for operating a diazo process machine.

a. Set-up.  Remove your diazo foil (film) from its light-proof package.  To achieve the best
possible reproduction, place your master with the image face down on the emulsion side of the film.  To
help you determine the emulsion side, there is a nick located in the upper right-hand corner with the
emulsion side up.

b. Exposure.  Place your master on the foil, backed up by a "slip sheet." A slip sheet is the
white separation sheet in the package between each foil.  Use this slip sheet as the bottom sheet in the
exposure step of the operation to protect the foil.  Figure 2-7 shows the master (image side down) on the
diazo foil (emulsion side up), with the slip sheet in place.
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Figure 2-7.  Diazo foil with slip sheet

(1) Run this assembly through the diazo machine.  Ensure that  your film develops fully.
This helps keep the image from fading, or the background from yellowing.  The speed of travel through
the machine varies with color of the film.  You may have to pass the film through the developing step
several times to ensure full development.

(2) Determining exposure time is generally a result of a trial-and-error process.  Overexposure
results in the image being weak and faint in color.  Underexposure will show a background.  Once you
obtain the correct exposure time, make a note of it and post it near your machine.

(3) The  heat  of  the  light  source may cause shrinkage or  expansion.   To  minimize this
distortion, you should run all of your foils in the same direction.

c. Developing.  After  you expose the  master  and  foil to  the  ultraviolet light  of  the  diazo
machine, the machine feeds the foil into the developing section.

(1) While exposure time is critical, development time is not.  You must develop the film long
enough to obtain maximum color, but you may remove it anytime thereafter.

(2) If you make a mistake, or an unwanted mark appears on your produced film, throw it
away.  Correct the master, or clean the diazo machine, and run another copy.  Do not attempt to scratch
away mistakes from the film.  Scratches project as dark spots or lines on the screen.

d. Flash Exposure.  You can produce highly saturated colors using maximum density diazo film.

(1) To create a variety of color densities, you can "flash" expose your film by exposing it to a
light source.  When you flash a film, some of the emulsion burns off.  When you develop this film, the
color density is somewhat less.
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(2) To flash the film, run only the diazo foil quickly through the exposure light.  Varying the
exposure time results in different color densities.  After flashing, expose and develop your film in the
normal manner.

e. Diazo Intermediates.  Diazo intermediates are important for duplicating art work.  You may
require duplicate VGTs to distribute to or exchange with other commands.  Never send out your original
art work.  Duplicate your work on diazo intermediate sheets; sepia (KSP), sepia matte (KSPM), orange
sepia (501LC), or sepia (K-MAX).

(1) To make sepia intermediates, expose and develop the sepia film as you would any other
diazo film.  Make sure the sepia image develops completely and is as dense as possible.

(2) One advantage of sepia intermediates is that you can make corrections on the film itself.
Gently scrape away errors with a rounded knife.  Make additions or corrections with a pen and ink.

7.  Procedure.

To reproduce your graphics on diazo material, you must be able to properly operate the diazo processing
machine.  The procedures listed below demonstrate the proper operation of an Ozalid diazo processing
machine.

NOTE: These procedures are for training purposes only.  To operate your unit's equipment, always
refer to  local instructions and  standing operating procedures (SOPs).  Any diazo process
machine may be used following the manufacturer's instructions and local procedures.

CAUTION

Use  this machine in a well-ventilated area.  Follow unit SOPs  for
handling hazardous chemicals.

a. Filling the Ammonia Storage Tank.  To fill the ammonia storage tank, insert the drain tube
into the residue bottle and turn the ON-OFF toggle switch to ON.  If bubbles appear in the ammonia
during operation, the temperature of the chemical is too warm.  You correct this problem by diluting the
ammonia solution with 1/8 to 1/2 cup of cold water.

(1) Adjust the ammonia system feed to a rate of 50 to 60 drops per minute.
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CAUTION

During machine operation, the ammonia feed regulator should never be
turned completely off.

(2) Give the machine a short warm-up period before operating.  This allows the temperature
to  reach a range of  180 to  210 degrees.  Adjust  the  printing speed for  distinct  lines and  a clear
background on the copy, and adjust the ammonia feed.

b. Making a Copy.

(1) Cut the diazo material to the size needed.  Cut only if necessary.

(2) Feed the diazo material and the original into the feedboard, with the emulsion side of the
diazo material up, and the original placed face down on top of the emulsion.

(3) Remove the original and the diazo material from the tracing separator belts.

(4) Insert the diazo material into the ammonia developer feed, emulsion side up, and without
the original.

c. Stopping the Machine.

(1) Set the time according to the manufacturer's manual (usually 15-20 minutes) and turn off
the lamp.

(2) Turn the ammonia flow off and allow the machine to run until the lamp cools.

NOTE: Some machines have an automatic shutoff.

(3) Feed a sheet of porous wrapping paper, 16 inches wide, into the machine.

(4) Turn the machine OFF with the paper in position around the printing cylinder, between
the sealing sleeve and the perforated tank.  This prevents a pattern from forming on the glass cylinder
after long periods of nonuse.

8.  Mounting the Diazo Foil.

Mounting adds durability, ease in handling, and professional appearance to your transparencies.  You can
mount your diazo foils in commercial mounts (frames), or you can make your own.
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a. Commercial Mounts.  Commercial mounts are generally made of cardboard or plastic.  They
come in a variety of sizes.  Make sure that you specify size when ordering commercial mounts.  Figure
2-8 shows examples of commercial viewgraph mounts.

Figure 2-8.  VGT mounting frames

b. Making Mounts.  You can make your own mounts using most any opaque materials such as
cardboard, heavy weight paper, file folders, etc.  You cut out the aperture area, center your foil, and
fasten it in place using masking or plastic tape.  You should make your aperture area dimensions 7 1/2
by 9 1/2 inches.

c. Attaching Foils to Mounts.  Regardless of the type of mount that you use, the easiest way to
attach your foils to the mount  is with masking or plastic tape.  Avoid using cellophane tape, as it
becomes brittle and shrinks with age.  Tape all four sides of the foil to the underside of the mount.
Taping the foils to the back provides a more professional looking job, and assures a flat projection area.
Figure 2-9 shows the proper method for mounting a foil in the frame.

9.  VGT Overlays (Flips).

a. Using Overlays.  The  use of  overlays is one of  the  most  effective features of  overhead
transparency projection.   Since the  VGT projector  does  not  require  the  projectional to  be  tightly
mounted, you can easily use overlays, or flips, to enhance the effectiveness and visual impact of your
VGT.  By the use of flips, you can prepare separate transparency sheets for problems, processes, and
other  forms  of  information.   You then  project  these  points  in  the  desired  order  to  present  the
information in a logical sequence.
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Figure 2-9.  Mounting a VGT

b. Fastening Flips.  Flips are overlays that are usually hinged at the sides of the base VGT.  You
position them so that you can swing them into position for projection.

(1) You fasten each flip with tape or plastic hinges along the side of the frame.  If you
present the flips in a specific order, place them over the base foil, in sequence, and attach to one side of
the mount.

(2) If you want more flexibility in the presentation sequence, hinge your flips on both sides,
alternating sides for each flip.  If necessary, you also may use the bottom and top edges of the mount to
hinge the flips.  Figure 2-10 illustrates hinging of a flip onto a VGT.
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Figure 2-10.  Hinging flips over a VGT

c. Select Sequence and Prepare Flips.  With the flips properly hinged in place on the frame of
the  base VGT, you may present  the  amplifying information  contained  on  the  flips in  the  desired
sequence.  Your base foil contains the basic information.  You decide what elements belong on the base
foil, and what goes on each flip.

(1) You prepare the base foil and mount  it in its frame.  You then prepare the flips and
hinge them in the desired pattern.  Using the base foil and the flips, you can present a series of ideas or
instructional points with this multiple-celled VGT.  Figure 2-11 illustrates the concept of multi-cell VGT
presentation.  Note the registration marks on each cell.

(2) You must know if the receiver of your VGTs uses a front or rear projection method.
You must know this in order to determine how to mount your films.  For front screen projection, you
mount the foils right side up; for rear screen projection, you mount them face down on the rear.
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Figure 2-11.  Multi-cell VGT using flips

10.  Summary.

Visual aids are a major part of the tactical documentation used in the Army today.  As your unit's
graphic specialist, only your imagination limits your creativeness and effectiveness in the graphics you
prepare.  Using the criteria of the requester, you plan your transparencies to provide the informative
impact he desires to clearly and concisely make his point.  Your text and caption lettering must be large
enough to see clearly from the most distant vantage point anticipated.

You may make VGTs by hand  or by machine.  The diazo process is the  most  common machine
method.  It  uses chemicals to  provide professional-appearing foils for projection.  You may include
colors using the  color separation process.  Adding overlays, or  flips, allows you to  add  amplifying
information to the basic VGT.
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This concludes lesson 2 and the subcourse.  The following consists of a practice exercise and practice
exercise answer and feedback sheet.  Before attempting the subcourse examination, complete the practice
exercise.  Check your answers with the practice exercise answer and feedback sheet.  If any of your
answers are incorrect, review the area indicated until you understand the material.  After successfully
completing the  practice exercise, proceed to  the  subcourse examination.  Complete the  examination
following the instructions contained therein.
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LESSON 2

PRACTICE EXERCISE

The following items will test your grasp of the material covered in this lesson.  There is only one correct
answer for each item.  When you complete the exercise, check your answer with the answer key that
follows.  If you answer any item incorrectly, study again that  part of the lesson which contains the
portion involved.

Situation: You have received a VI work order to produce and frame a VGT to be used for overhead
projection at an exercise briefing.

1. Your work order requires the inclusion of text.  The work order states that the projector will be
positioned 10 feet from the screen, and that the farthest viewer will be 70 feet from the screen.
What is the smallest lettering size you should use on your VGT?

A. 1/8 inch
B. 3/16 inch
C. 1/4 inch
D. 5/16 inch

2. You must process your VGT using the diazo method.  The diazo method of reproduction uses
which of the following types of processing?

A. Chemical
B. Mechanical
C. Photostatic
D. Electrostatic

3. To process your film you must use the Ozalid processing machine.  Before you start the copy
procedure, you set the ammonia feed system to what rate?

A. 10-15 drops per minute
B. 25-30 drops per minute
C. 40-50 drops per minute
D. 50-60 drops per minute
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4. Your VGT requires the  use of  flips to  develop a sequence of  information.   Which  of  the
following statements is TRUE concerning the use of flips?

A. Flips should only be used with black only VGTs, as they distort the colors of multicolor
VGTs.

B. You  should  mount  flips on  alternating sides when  you want  to  vary the  order  of
presentation.

C. You should hinge the flips at the top of the VGT frame so that they will fold out of the
way when not being used.

D. Flips should be mounted on one side of the VGT frame so that they will fold over the
base foil in the proper order.
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LESSON 2

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Item Correct Answer and Feedback

1. C. 1/4 inch

To determine the minimum lettering size, you use a nomograph.  To use a nomograph, you
must know the distance from the screen of the projector and of the farthest viewer (page 2-
3, para 2).

2. A. Chemical

The diazo process is the most common method of producing VGTs.  The diazo process
uses treated paper or foils, which you expose to ultraviolet light and develop using ammonia
vapors (page 2-5, para 3b(2)).

3. D. 50-60 drops per minute

After checking and/or filling the ammonia storage tank, you set the ammonia system feed.
The procedure calls for setting the feed between 50 and 60 drops per minute.  Never turn
the feed off during operation (page 2-14, para 7a(l)).

4. B. You should mount flips on alternating sides when you want to vary the order of
presentation.

You hinge your flips to provide ease in presentation.  When the progression of the flips is
in a specific order, you hinge them on one side in the specified order.  When you need
flexibility, you mount  them  in  an  alternating pattern  from  side  to  side.   While not
considered good practice, you can hinge flips at the bottom or top of the frame.  Hinging at
the top is the least desirable (page 2-17, para 9).
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