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UNITED STATES MARINE CORPS MARINE CORPS INSTITUTE
 912 CHARLES POOR STREET SE WASHINGTON NAVY YARD DC 20391-5680
 IN REPLY REFER TO:
 1550 Ser 0813 31 May 07 From: Director To: Marine Corps Institute Student Subj: FIELD ARTILLERY SURVEY (MCI 0813C) 1. Purpose. The subject course provides basic knowledge of field artillery survey to Marines in the battalion and regimental survey sections. 2. Scope. This course teaches the technique of measuring horizontal and vertical angles using the T2-E Theodolite and distance measuring using the DI-3000 Distomat. This course also teaches artillery astronomic observation, position and route reconnaissance, and introduces the Marine to the Improved Position Azimuth Determining System (IPADS). 3. Applicability. This course is intended for instructional purposes only. This course is designed for the Marine, private through sergeant, MOS 0842, 0844, and 0847 assigned to a battalion or regimental survey section. This course can also be useful to artillery batterys responsible for providing their own survey support. 4. Recommendations. Comments and recommendations on the contents of the course are invited and will aid in subsequent course revisions. Please complete the course evaluation questionnaire at the end of the final examination. Return the questionnaire and the examination booklet to your proctor.
 T.M. FRANUS By direction
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MCI Course 0813C v
 Study Guide
 Congratulations Congratulations on your enrollment in a distance education course from the
 Distance Learning and Technologies Department (DLTD) of the Marine Corps Institute (MCI). Since 1920, the Marine Corps Institute has been helping tens of thousands of hard-charging Marines, like you, improve their technical job performance skills through distance learning. By enrolling in this course, you have shown a desire to improve the skills you have and master new skills to enhance your job performance. The distance learning course you have chosen, MCI 0813C, Field Artillery Survey, provides instruction to all Marines having survey duties. This course consists of learning experiences necessary to perform those duties associated with the T2-E Theodolite, DI 3000 Distomat, Improved Position Azimuth Determining System (IPADS), and the M2A2 Aiming Circle.
 Your Personal Characteristics
 • YOU ARE PROPERLY MOTIVATED. You have made a positive decision to get training on your own. Self-motivation is perhaps the most important force in learning or achieving anything. Doing whatever is necessary to learn is motivation. You have it!
 • YOU SEEK TO IMPROVE YOURSELF. You are enrolled to improve
 those skills you already possess, and to learn new skills. When you improve yourself, you improve the Corps!
 • YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you
 have shown you are a self-starter, willing to reach out for opportunities to learn and grow.
 • YOU ACCEPT CHALLENGES. You have self-confidence and believe
 in your ability to acquire knowledge and skills. You have the self-confidence to set goals and the ability to achieve them, enabling you to meet every challenge.
 • YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL
 GOALS. You are willing to commit time, effort, and the resources necessary to set and accomplish your goals. These professional traits will help you successfully complete this distance learning course.
 Continued on next page
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MCI Course 0813C vi
 Study Guide, Continued
 Beginning Your Course
 Before you actually begin this course of study, read the student information page. If you find any course materials missing, notify your training officer or training NCO. If you have all the required materials, you are ready to begin. To begin your course of study, familiarize yourself with the structure of the course text. One way to do this is to read the table of contents. Notice the table of contents covers specific areas of study and the order in which they are presented. You will find the text divided into several study units. Each study unit is comprised of two or more lessons, lesson exercises.
 Leafing Through the Text
 Leaf through the text and look at the course. Read a few lesson exercise questions to get an idea of the type of material in the course. If the course has additional study aids, such as a handbook or plotting board, familiarize yourself with them.
 The First Study Unit
 Turn to the first page of study unit 1. On this page, you will find an introduction to the study unit and generally the first study unit lesson. Study unit lessons contain learning objectives, lesson text, and exercises.
 Reading the Learning Objectives
 Learning objectives describe in concise terms what the successful learner, you, will be able to do as a result of mastering the content of the lesson text. Read the objectives for each lesson and then read the lesson text. As you read the lesson text, make notes on the points you feel are important.
 Completing the Exercises
 To determine your mastery of the learning objectives and text, complete the exercises developed for you. Exercises are located at the end of each lesson, and at the end of each study unit. Without referring to the text, complete the exercise questions and then check your responses against those provided.
 Continued on next page
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MCI Course 0813C vii
 Study Guide, Continued
 Continuing to March
 Continue on to the next lesson, repeating the above process until you have completed all lessons in the study unit. Follow the same procedures for each study unit in the course.
 Preparing for the Final Exam
 To prepare for your final exam, you must review what you learned in the course. The following suggestions will help make the review interesting and challenging. • CHALLENGE YOURSELF. Try to recall the entire learning sequence
 without referring to the text. Can you do it? Now look back at the text to see if you have left anything out. This review should be interesting. Undoubtedly, you’ll find you were not able to recall everything. But with a little effort, you’ll be able to recall a great deal of the information.
 • USE UNUSED MINUTES. Use your spare moments to review. Read
 your notes or a part of a study unit, rework exercise items, review again; you can do many of these things during the unused minutes of every day.
 • APPLY WHAT YOU HAVE LEARNED. It is always best to use the
 skill or knowledge you’ve learned as soon as possible. If it isn’t possible to actually use the skill or knowledge, at least try to imagine a situation in which you would apply this learning. For example make up and solve your own problems. Or, better still, make up and solve problems that use most of the elements of a study unit.
 • USE THE “SHAKEDOWN CRUISE” TECHNIQUE. Ask another
 Marine to lend a hand by asking you questions about the course. Choose a particular study unit and let your buddy “fire away.” This technique can be interesting and challenging for both of you!
 • MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good habits
 that enhance learning. They don’t have to be long and tedious. In fact, some learners find short reviews conducted more often prove more beneficial.
 Continued on next page
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MCI Course 0813C viii
 Study Guide, Continued
 Tackling the Final Exam
 When you have completed your study of the course material and are confident with the results attained on your study unit exercises, take the sealed envelope marked “FINAL EXAM” to your unit training NCO or training officer. Your training NCO or officer will administer the final examination and return the examination and the answer sheet to MCI for grading. Before taking your final examination, read the directions on the DP-37 answer sheet carefully.
 Completing Your Course
 The sooner you complete your course, the sooner you can better yourself by applying what you’ve learned! HOWEVER--you do have 2 years from the date of enrollment to complete this course.
 Graduating! As a graduate of this distance education course and as a dedicated Marine,
 your job performance skills will improve, benefiting you, your unit, and the Marine Corps.
 Semper Fidelis!
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MCI Course 0813C 1-1 Study Unit 1
 STUDY UNIT 1
 FIELD ARTILLERY SURVEY
 Overview
 Scope Most military personnel have limited knowledge of the development of
 artillery weapons and the role that survey plays in making artillery one of the most devastating weapons of modern warfare. Survey enables field artillery to destroy, neutralize, or suppress the enemy with quick, accurate, deadly fires. These fires support the ground-gaining forces by placing all field artillery assets on a geographical-locating system born from a common grid. This common grid ensures that all artillery assets within the command are on the “same sheet of music” regarding location and direction.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 The History, Characteristics, and Accuracy of Field Artillery 1-3 Artillery Survey Responsibilities and Fundamentals 1-13 Field Notes 1-31
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MCI Course 0813C 1-3 Study Unit 1, Lesson 1
 LESSON 1
 THE HISTORY, CHARACTERISTICS, AND ACCURACY OF FIELD ARTILLERY
 Introduction
 Scope This lesson will introduce you to the history of field artillery and will also
 discuss the characteristics and accuracy of field artillery survey.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the purpose of field artillery survey. • Identify what is achieved by having field artillery assets on a common
 grid. • Identify the levels of survey performed by the various Marine artillery
 survey sections.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 1-3 History 1-4 Characteristics 1-6 Accuracy 1-9 Lesson 1 Exercise 1-10
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MCI Course 0813C 1-4 Study Unit 1, Lesson 1
 History
 Early Artillery During the period between the 14th through the 18th century, artillery survey
 was not required. There were several reasons for this: • Artillery was primarily used to frighten the enemy with noise and smoke. • Guns were heavy, unreliable, and extremely short in range. • Guns were aimed by placing them in shallow trenches or by attaching
 them to heavy wooden staging.
 Direct Fire As weapons developed, artillery became more reliable and lethal. Guns
 became lighter and were placed on wheeled carriages for increased mobility. At the same time, ammunition and powder improved. Despite these improvements, artillery survey was still not needed because artillery was being employed as a direct fire weapon. Gunners used the following steps to engage the target: Although this method was simple and effective, it had some disadvantages, primarily vulnerability. If the gunner could see the target, the target could see the gunner.
 Step Action
 1 Observe the target. 2 Align the barrel with the target. 3 Use “Kentucky windage” for subsequent corrections. 4 Raise the muzzle if the projectile hit between the gunner and the
 target. 5 Lower the muzzle if the projectile hit over or beyond the target.
 Continued on the next page
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MCI Course 0813C 1-5 Study Unit 1, Lesson 1
 History, Continued
 Indirect Fire Progressively, artillery range and accuracy improved. Increased range meant
 that the gunner could engage the targets before the enemy could return small arms fire. Unfortunately, the weapon was still vulnerable to the enemy’s artillery. To solve this problem, the gunner would position the guns behind a hill as they fired at the targets. Disadvantages of this procedure were that the gunner: • Was unable to see the target. • Had difficulty placing rounds on target. • Had to rely on “blind luck” for accuracy. • Created an enormous waste of ammunition. Cost effective, accurate fires and the gunner’s requirement to keep the gun location hidden from enemy artillery led to the development of indirect fire techniques. The technique was based on knowing the location of the firing unit and having an accurate target location. With the increased capabilities of artillery, indirect fire was used. To support the challenges caused by indirect fire, field artillery survey began!
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MCI Course 0813C 1-6 Study Unit 1, Lesson 1
 Characteristics
 Survey
 Survey is defined as the technique of locating points on the earth’s surface in relationship to each other and establishing direction.
 Field Artillery Survey
 Field artillery survey differs from regular survey in several ways. Field artillery survey must be completed within battlefield time constraints. This is complicated when each field artillery asset has different accuracy requirements. Field artillery survey must be both responsive and accurate in locating points on the earth’s surface and in establishing direction. This permits artillery batteries to control the battlefield with rapid responses to calls-for-fire from the maneuver commander.
 Hasty Survey Field artillery survey should not be confused with hasty survey. Individual
 firing batteries normally perform hasty survey when there is no time to wait for common grid from the survey section. However, to accurately mass fires without adjustment, the firing unit must be on a common grid provided by the battalion survey section.
 Continued on next page
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MCI Course 0813C 1-7 Study Unit 1, Lesson 1
 Characteristics, Continued
 Common Grid Massing fires successfully requires artillery survey to place both the guns and
 the target acquisition devices on a system of common grid. Common grid orients and positions all artillery assets within a command with respect to direction and location. Thus, the purpose of field artillery survey is to provide common grid. Common grid enables the field artillery to achieve the following: • Mass fires • Surprise observed fires • Effective unobserved fires • Transmission of target data • Transmission of target data from target acquisition devices to firing units
 Massing Fires The artillery commander must have the ability to mass fires. That is, the
 artillery commander must be able to order all guns within range to fire on a particular target. Accurate survey permits rapid and economical massing of fires.
 Surprised Observed Fires
 When survey is not available and all batteries are required to adjust on a target, the element of surprise is lost. Having survey allows the artillery commander to deliver accurate and timely fire support without adjusting each unit onto the target.
 Effective, Unobserved Fires
 Without survey, consistent and effective unobserved fires are impossible unless the target was previously fired on and replot data was computed.
 Transmission of Target Data
 The transmission of target data is the transfer of firing data between units when units are located on a common grid.
 Continued on next page
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MCI Course 0813C 1-8 Study Unit 1, Lesson 1
 Characteristics, Continued
 Target Acquisition Devices
 The target location derived from the target acquisition device is on the same common grid as the rest of the artillery assets. Knowing the target’s actual location, the firing battery can now engage the target with confidence. Characteristics of target acquisition devices are listed below: • Provide the direction and distance from the device to the target • Considered a simple form of survey • Can be as simple as a forward observer with compass and binoculars • Can be as complex as an Artillery counter battery radar • Linked to the guns on common grid by field artillery survey Transmission of target data from target acquisition devices to firing units is made possible by placing all assets on common grid. Without common grid, the information received from the target acquisition devices would be inaccurate and useless to the firing units.
 Mobility Artillery must shoot, move, and communicate. The requirement for artillery
 to move, forces artillery survey to be continuous to keep the weapons and target acquisition devices on a common grid. If the survey sections were unable to move rapidly, the firing units would be forced to wait on survey support or use hasty survey methods decreasing their effectiveness.
 Importance of Speed
 Surveys must be completed as quickly as possible since the firing units cannot be used to its full effectiveness until it is integrated onto the common grid. This is the major difference between field artillery survey and other types of surveys.
 Role of the Artillery Surveyor
 The artillery surveyor usually starts from known points and moves throughout the battlefield locating other points. Not all of these points need to be located to the same degree of accuracy. To accomplish this work in a minimum amount of time, there are different echelons of survey.
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MCI Course 0813C 1-9 Study Unit 1, Lesson 1
 Accuracy
 Survey Accuracy
 Achieving accuracy in artillery survey presents a multitude of problems. The degree of survey accuracy required depends on the range and accuracy of the weapon and the type of target acquisition device engaging the target. The requirements for artillery survey are written to allow the use of the lowest order (accuracy) of survey as possible. This enables the artillery surveyor to provide survey data in a timely and responsive manner.
 Orders of Survey
 As a field artillery surveyor, depending on the unit to which you are assigned, you will perform surveys to specific orders of accuracies. Levels of accuracy or orders of survey are listed below:
 Survey Order Level Accuracy Required 4th Units higher than a field
 artillery battalion. 1:3000 (You must be accurate to within 1 meter for every 3000 meters covered in the survey)
 5th Field artillery battalion 1:1000 (You must be accurate to within 1 meter for every 1000 meters covered in the survey)
 Hasty Survey Conducted by the individual firing unit when battalion or regimental survey is not available.
 1:500 (You must be accurate to within 1 meter for every 500 meters covered in the survey)
 Table The table below shows the types and orders of survey:
 Type of Survey Section Order of Survey Regimental survey Fourth Battalion survey Fifth Battery Survey Hasty
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MCI Course 0813C 1-10 Study Unit 1, Lesson 1 Exercise
 Lesson 1 Exercise
 Directions Complete exercise items 1 through 3 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The purpose of field artillery survey is to
 a. destroy the entire grid square. b. provide a common place to stage all gear. c. provide a common grid. d. locate the enemy and attack by fire.
 Item 2 One advantage of placing all field artillery assets on common grid is the
 ability to a. mass transit. b. mass fires. c. transmit sound. d. put out fires.
 Item 3 What order of survey is normally conducted at the battalion level?
 a. Third b. Fourth c. Fifth d. Hasty
 Continued on next page
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MCI Course 0813C 1-11 Study Unit 1, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 c 1-7 2 b 1-7 3 c 1-9
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MCI Course 0813C 1-12 Study Unit 1, Lesson 1 Exercise
 (This page intentionally left blank.)
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MCI Course 0813C 1-13 Study Unit 1, Lesson 2
 LESSON 2
 ARTILLERY SURVEY RESPONSIBILITIES AND FUNDAMENTALS
 Introduction
 Scope This lesson will introduce you to the basic Table of Organization of the
 survey sections and lay out the responsibilities of each team member. This lesson will also describe the different survey techniques that are performed by the survey sections.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the table of organization for each survey section. • Identify the duties relative to each survey billet. • Identify the areas of battalion survey operations. • Determine the correct method of survey to use.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 1-13 Artillery Survey Sections 1-14 Areas of Battalion Survey Operations 1-17 Methods of Survey 1-19 Lesson 2 Exercise 1-28
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MCI Course 0813C 1-14 Study Unit 1, Lesson 2
 Artillery Survey Sections
 Organization Personnel who perform survey operations are assigned to the headquarters
 battery at either the regimental or battalion levels.
 Regimental Survey
 The Regimental Survey Section’s Table of Organization (T/O) consists of one officer and 17 enlisted Marines who are assigned as follows: • Survey Officer • Survey Chief • Two conventional teams • Two Improved Position Azimuth Determining System (IPADS) teams Note: Each conventional team consists of
 • (1) Sergeant survey team leader • (2) Corporals as computers • (1) Lance Corporal as computer/recorder • (2) Privates First Class as instrument operators
 Each IPADS team consists of
 • (1) Sergeant IPADS team chief • (1) Lance Corporal IPADS driver
 Survey Information Center
 The regimental survey section is responsible for manning the Survey Information Center (SIC). The functions of the SIC are: • Collecting, evaluating, and disseminating survey information throughout
 the artillery regiment • Disseminating data to higher, lower, and adjacent units
 Continued on next page
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MCI Course 0813C 1-15 Study Unit 1, Lesson 2
 Artillery Survey Sections, Continued
 Battalion Survey Section
 The Battalion Survey Section’s T/O consists of one officer and 10 enlisted Marines assigned as follows: • Survey Officer • Survey Chief • One conventional survey team • Two IPADS teams
 Billet Description
 The table below describes the billet and duties of each member of the survey section:
 Billet Duties
 Survey Officer
 • Advises the commander of the capabilities and limitations of the survey section.
 • Inspects maintenance of equipment and vehicles. • Supervises the training of personnel. • Formulates the survey plan. • Issues the survey order. • Conducts reconnaissance. • Coordinates survey operations with higher, lower, and
 adjacent headquarters. • Advises and trains firing units in hasty survey operations.
 Survey Chief
 • Assists the survey officer; acts as the survey officer in his absence.
 • Trains the survey section, ensuring personnel are cross trained. Survey Team Chief
 • Trains the survey team. • Supervises and coordinates field operations of this section. • Supervises preventive maintenance checks and services of
 equipment. Computer • Maintains the required Department of the Army forms (DA
 forms) for computation of survey. • Performs independent computations during field operations
 using the Back Up Computer System-R (BUCS-R). Computer/ Recorder
 • Maintains DA Form 4446 Level, Transit, and General Survey Record Book of all surveys performed by the survey section.
 • Records all data neatly and legibly to include sketches in the DA Form 4446.
 • Checks and means angular data measured by the instrument operator.
 • Records slope distance.
 Continued on next page
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MCI Course 0813C 1-16 Study Unit 1, Lesson 2
 Artillery Survey Sections, continued
 Billet Description, continued
 Billet Duties
 Instrument Operator
 • Performs preventive maintenance checks and services on survey instruments.
 • Operates instruments during survey field operations. • Verifies the correct position of the range pole before measuring
 angles. • Reads measured angles to recorders; checks the recorder using
 the read back technique. IPADS Team Chief
 • Performs initialization, operation, and preventive maintenance of IPADS.
 • Monitors the IPADS control and display unit (CDU). • Sets up and operates the theodolite when used to mark and
 update IPADS. • Records IPADS data and maintains DA Form 4446 field
 notebook. IPADS Driver
 • Operates and performs maintenance on IPADS. • Installs, operates, and maintains communications equipment. • Maneuvers vehicle for auto reflection and plumb bob
 emplacement. • Sets up range poles and establishes the survey stations.
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MCI Course 0813C 1-17 Study Unit 1, Lesson 2
 Areas of Battalion Survey Operations
 Areas of Operations
 To help plan and evenly distribute work, the battalion is divided into three areas of survey operations (shown below): • Target Area • Connection Area • Position Area Note: Specific dimensions for each area are unnecessary since no distinct
 boundaries exist.
 Continued on next page
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MCI Course 0813C 1-18 Study Unit 1, Lesson 2
 Areas of Battalion Survey Operations, Continued
 Target Area The target area is the forward area of the battalion zone. The area of survey
 control may need to extend into the target area, depending on the availability and accuracy of the maps of the area. When the forward observer (FO) or other targets acquisition devices cannot accurately locate themselves, survey control must be extended.
 Connection Area
 The connection area is the area that surveys will connect weapons to the target locators and place both on a common grid. Basically, it is the area that lies between the target and the position.
 Position Area The position area is the rear area of the battalion zone. Primarily, the firing
 battery positions are located in this area. Meteorological (MET) sites, radars, and other assets requiring support will be positioned here as well.
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MCI Course 0813C 1-19 Study Unit 1, Lesson 2
 Methods of Survey
 Methods The field artillery survey section is equipped to perform the following
 methods of survey: • Traverse (most common method) • Intersection • Resection
 Traverse Traverse survey is the field operation of measuring the lengths and directions
 of a series of straight lines connecting a series of points on the earth. Angular and distance measurements will allow you to mathematically determine the coordinates of the various connecting points. • Each straight line is called a Traverse Leg (TL). • Each point is called a Traverse Station (TS).
 Ilustration Below is an illustration of a traverse showing the traverse stations and
 traverse legs.
 Continued on next page
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MCI Course 0813C 1-20 Study Unit 1, Lesson 2
 Methods of Survey, Continued
 Commonly Used
 Traverse is the most commonly used method of survey because it takes the least amount of planning and is the easiest to change once the survey has been started. In a traverse, the following three stations are considered of immediate significance: • Rear Station • Occupied Station • Forward Station
 Rear Station The rear station is the station from which you have just left or a point to
 which the azimuth is known.
 Occupied Station
 The occupied station is the station at which you are located and over which you set up the survey instrument.
 Forward Station
 The forward station is the next station in succession and is the immediate destination of your survey party, or it is a station to which the azimuth is known when the traverse is closed. The illustration below shows the relationship of each station to the others.
 Continued on next page

Page 33
						

MCI Course 0813C 1-21 Study Unit 1, Lesson 2
 Methods of Survey, Continued
 Measurements At each traverse station, the following measurements are performed:
 • A horizontal angle is measured from the rear station to the forward
 station. This angle is used to determine the azimuth to the forward station.
 • A vertical angle is also measured and is used to determine the difference
 in elevation from the occupied station to the forward station. • Distance is also measured from the occupied station to determine the
 position of the forward station.
 Ilustration The illustration below shows each angle to be measured when conducting a
 traverse survey.
 Continued on next page
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MCI Course 0813C 1-22 Study Unit 1, Lesson 2
 Methods of Survey, Continued
 Types of Traverse
 The three types of traverse are • Closed • Open • Directional
 Closed Traverse
 A closed traverse is one that allows for a comparison between known and computed position, azimuth, and elevation. There are two types of closed traverse: • Closed traverse on second known point • Closed traverse on same known point
 Closed Traverse on Second Known SCP
 The most preferred type of traverse is the closed traverse on a second known Survey Control Point (SCP). This type of traverse (shown below) • Begins from a point of known coordinates. • Moves through various required unknown points (traverse stations). • Terminates at a second point of known origin. Note: Closing on a second known point allows you to check your fieldwork, computations, and control.
 Continued on next page
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MCI Course 0813C 1-23 Study Unit 1, Lesson 2
 Methods of Survey, Continued
 Closed Traverse on Same Known Point
 The closed traverse on same known point is the second most preferred type of traverse. The illustration below depicts a traverse closed on the same known point.
 Characteristics Characteristics of a traverse closed on the same known points are listed
 below: • Begins at a point of known coordinates. • Moves through the various required traverse stations. • Returns to and terminates at the starting point. • Used when time and limited survey control are considered. Note: This type of traverse provides checks on fieldwork and computations only. It does not provide a check on the accuracy of the starting data.
 Continued on next page
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MCI Course 0813C 1-24 Study Unit 1, Lesson 2
 Methods of Survey, Continued
 Open Traverse An open traverse begins at the point of known coordinates and ends at a
 station whose relative position is not previously known. Characteristics of an open traverse are listed below: • Considered the least desirable type of traverse. • Provides no check on accuracy of the starting control. • No check on accuracy of the fieldwork. For these reasons, traverses are never deliberately left open. Open traverses are used only when time or the situation does not permit closure on a known point. The illustration below depicts an open traverse.
 Continued on next page
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MCI Course 0813C 1-25 Study Unit 1, Lesson 2
 Methods of Survey, Continued
 Directional Traverse
 Directional traverse extends only directional (azimuth) control. It can be any of the three types of traverse discussed so far. Characteristics of a directional traverse are listed below: • Can be either open or closed. • If open, you should close the traverse at the earliest opportunity. • Can close on either the starting azimuth or on a second known azimuth. • Horizontal angles at each traverse stations are the only measurements
 required. Since direction is the most critical element of field artillery survey, and time is frequently an important element to be considered, it is sometimes necessary at lower echelons to map-spot battery locations and extend direction only.
 Traverse at Night
 In the previous pages, you have learned about the types of traverse and when they are used. At times, the field artillery surveyor will be required to survey at night to accomplish the mission. Below are some considerations when conducting surveys at night: • Night traverses require more work, training, personnel, and coordination. • Conduct night traverses by modifying daylight techniques, organizing
 carefully, and planning in detail.
 Communications at Night
 During a night traverse, you will communicate by radio. However, radio will not always be convenient or available, so at times the survey party must resort to light signals. You should prearrange these signals and keep them simple. Avoid waiving lights since they may attract the enemy’s attention.
 Continued on next page
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 Methods of Survey, Continued
 Intersection Intersection is a method of survey that requires the solution of triangular
 figures. Intersection requires the occupation of two stations and the measurement of two horizontal angles. Intersection is used primarily to extend survey control beyond enemy lines or to locate inaccessible targets. This means that by using the intersection survey method, you can locate targets beyond enemy lines without setting foot in the area. When used in the target area, the unmeasured (forced) apex angle must be at least 150 mils, and preferably at least 300 mils. You compute the apex angle by • Measuring the two interior angles of the triangle at the base • Subtract the sum of these two interior angles from 3200
 Ilustration The illustration below shows two Marines conducting an intersection. The
 sum of angles B and C is subtracted from 3200 to give you the apex angle.
 Continued on next page
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 Methods of Survey, Continued
 Resection Three-point resection is a method of survey you use to locate an unknown
 occupied point by measuring the horizontal angles between three known stations. Through trigonometric computations, you can determine the location of the occupied station. The illustration below shows a Marine conducting a three-point resection to locate his position.
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 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 Each regimental survey section has ____ enlisted Marines on the Table of
 Organization. a. 12 b. 13 c. 17 d. 19
 Item 2 The _________ maintains the required DA forms for computations of
 surveys. a. computer b. survey team chief c. IPADS driver d. instrument operator
 Item 3 The area where field artillery radars are located is called the _______ area.
 a. target b. position c. radiation d. radar
 Item 4 When time is critical and only azimuth is needed, the best method of survey
 would be a. indirect traverse. b. directional traverse. c. intersection. d. three-point resection.
 Continued on next page
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 Lesson 2 Exercise, continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the page listed for each item.
 Item Number Answer Reference Page 1 c 1-14 2 a 1-15 3 b 1-18 4 b 1-25
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 LESSON 3
 FIELD NOTES
 Introduction
 Scope This lesson will introduce you to the DA Form 4446 field notebook that is
 currently in use by Marine field artillery survey sections. This lesson will also identify the required entries when conducting survey operations.
 Learning Objectives
 After completing this lesson, you should be able to • Identify individual entries required on the DA Form 4446 (field
 notebook). • Identify the procedures used for recording entries in the field notebook. • Identify the procedures used to void an entry in the field notebook.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 1-31 Field Notebook 1-32 Data Recorded 1-35 Lesson 3 Exercise 1-44
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 Field Notebook
 DA Form 4446 Field Notebook
 The field notebook, DA Form 4446, Level, Transit, and General Survey Record Book, or field recorder’s notebook, is a hardback, permanently bound book used to record all survey data collected during the survey. After the survey party leaves the field, the notes entered in the DA Form 4446, provides the only record of the survey ever being conducted.
 Contents The recorder’s field notebook must contain the following:
 • Complete record of all measurements and calculations. • All sketches. • Descriptions of areas surveyed. • Remarks to clarify the notes and sketches, when necessary. The best survey fieldwork is useless to your unit if the notes are inaccurate, illegible, or incomplete in any detail.
 Flyleaf When opening the field notebook, you will find a tear away page called the
 flyleaf. This page contains instructions on how to return the book to your unit if it is lost. Space is provided for you to enter the following data. The illustration below depicts a sample of a flyleaf page.
 Continued on next page
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 Field Notebook, Continued
 Flyleaf, continued
 You must fill out the flyleaf page with the information listed in the table below:
 Part Function 1 Your unit’s address. 2 Your assigned unit location. 3 The major project area the book will cover. 4 Book number. Identifies how many books are used in the project.5 Type and serial number of the theodolite used in the survey. 6 The name of the survey party chief.
 Index You should consider each set of two facing pages as one numbered page. The
 page number appears in the upper right corner (1). The first two pages are always reserved for the index of the contents of the notebook. • You must remember to do the following when working with the
 notebook: • Keep the index current at all times. • Record the page numbers in the first column of the index. (1) • Enter the date of the survey in the second column. (2) • Enter the title of the survey; usually the type of survey conducted in the
 remaining columns toward the center of the bookbinding. (3) • After the left side of the page is filled, continue the index on the right side
 of the page using the same format. (4)
 Continued on next page
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 Field Notebook, Continued
 Remaining Pages
 The remaining pages should be used for the recording of actual field notes. Only the data for the survey in progress is recorded on the current page. Data pertaining to surveys other than the one in progress are recorded on subsequent pages.
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 Data Recorded
 Field Notes Recorded field notes consist of a combination of tabulated data, sketches, and
 descriptions. The total record of any survey in the field notebook provides a clear, concise picture of the survey performed.
 Contents Examples of items found in a completed field notebook are
 • Descriptions of the starting and closing stations. • Descriptions of principle stations established. • Descriptions of the area in which the work is performed. • General remarks on weather, terrain, and other conditions you will
 consider when evaluating the survey results.
 Illustration The illustration below shows a completed survey recorded in the DA Form
 4446.
 Note: Information recorded must be complete enough to allow anyone not familiar with that particular survey operation to take the notebook, return to the area, and recover or reconstruct any portion of the fieldwork.
 Continued on next page
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 Data Recorded, Continued
 Recording Data Data is recorded in the field notebook in tabulated columns according to a
 prescribed plan. When recording data, you should do the following: • Print all entries in the field notebook in a neat, legible manner with a
 sharp 3H or harder pencil. Never make entries with ink in the field notebook.
 • Enter data in the field notebook as the instrument operator announces it.
 After recording the information, the recorder repeats the reading back to the instrument operator. This ensures correct entry of the reading.
 • As you make the entries, compute and record the mean value and circle
 the data that is used to compute the survey. Immediately notify the instrument operator of any incorrect angle before the instrument is moved from the station.
 Location of Data
 Each page provides particular spaces for recording specific data and information about the survey. Specific data is recorded as follows: • The type of survey and the date conducted are entered at the top of the left
 half of the page. • Weather conditions, instrument and serial number, and the names of the
 party personnel are entered across the top of the right half of the first page of each survey.
 • The rest of the page is used for recording instrument readings, mean
 angles, telescope position, station names, distances, remarks, descriptions, and sketches.
 Continued on next page
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 Data Recorded, Continued
 Sketches Make sketches, when needed, to clarify the survey. When drawing sketches,
 you should do the following: • Draw each sketch to approximate scale. • Include a north grid line. • Exaggerate important details of the sketch for clarity. • Use a small protractor as an aid in making the sketches. • Draw each sketch large enough to ensure that it is understood.
 Illustration The illustration below shows a properly completed sketch with an SCP and
 road intersection showing.
 Continued on next page
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 Data Recorded, Continued
 Remarks Descriptive remarks are made to supplement the information shown in the
 sketch. Remarks are made to clarify the following: • Measurements • Weather • Terrain • Observing conditions
 Illustration The illustration below shows appropriate remarks recorded in the DA Form
 4446 field notebook.
 Continued on next page
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 Data Recorded, Continued
 Abbreviations The table below shows abbreviations and conventional symbols that are
 approved for use on sketches and in descriptions:
 Corrections Erasures are not permitted in the field notebook. To make a correction, draw
 a single line through the incorrect data and initial it. Then, enter the correct data directly above the lined-through incorrect data.
 Continued on next page
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 Data Recorded, Continued
 Illustration The illustration below shows the correct way to make corrections in the field
 notebook:
 Change in Plans
 If you are no longer going to use a page filled with data, sketches, and remarks because of a change in plans, you must do the following: • Cross out the page by drawing straight lines between diagonal corners of
 the page. • Print “VOID” in large letters across the page as shown in the illustration
 below.
 Example The following is an example of a survey voided out in the proper manner:
 Continued on next page
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 Data Recorded, Continued
 IPADS Recording
 The Improved Position Azimuth Determining System (IPADS) data is also recorded on DA Form 4446. The procedures used to record IPADS data will be in accordance with unit SOP. The following pages are guidelines that you can use in the absence of an SOP. Note: You will learn the Operation and Maintenance of the IPADS in Study
 Unit 6. The illustration below shows an IPADS survey recorded in a field notebook.
 Continued on next page
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 Data Recorded, Continued
 IPADS Modifications
 Recording IPADS information requires slight modifications in the way you enter data. The following table outlines the modifications:
 Step Action
 1 Enter “IPADS Survey” under the destination. 2 Enter the date. Use the actual date of the IPADS survey. 3 On heading of adjoining page, enter the IPADS serial number, the
 spheroid number, and the total mission time. Across from these three items, enter the names of IPADS operator, assistant operator, and the zero velocity update (ZUPT) interval used to conduct the mission.
 4 Below the heading, label the columns from left to right as follows: • STATION – identifies the update or marked stations. • ID NUMBER – identifies the storage position in the IPADS
 computer corresponding to the updated or marked stations. The IPADS can store over a thousand positions.
 • EASTING – identifies the universal transverse mercator (UTM)
 grid zone and the easting grid of the position. • NORTHING – identifies the northing grid of the position. • ALTITUDE – identifies the altitude of the position. • GRID AZIMUTH – identifies the grid azimuth (az) of a plumb bob
 two-position azimuth mark. • DISTANCE – identifies the distance (in meters) from the last
 marked position (when required) or the distance measured in an optical instrument.
 • MALFUNCTION – identifies any malfunction during the survey
 mission. 5 Use the next recording page to record horizontal angles, grid azimuth,
 and offset distances for all optical measurements performed during the IPADS survey. Use the rest of the page for remarks.
 Continued on next page

Page 55
						

MCI Course 0813C 1-43 Study Unit 1, Lesson 3
 Data Recorded, Continued
 Page 2 of IPADS Survey
 The illustration below shows page two of an IPADS survey recorded in the DA Form 4446 field notebook:
 Note: Procedures covering all situations cannot be prescribed. The example
 on pages 6-5 through 6-17 of Marine Corps Warfighting Publication (MCWP) 3-16.7 are recommended as a guide in developing suitable techniques.
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 Lesson 3 Exercise
 Directions Complete exercise items 1 through 3 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The first two pages in the field notebook are always reserved for the
 a. party chief’s name, rank, and social security number. b. team name. c. index of the contents of the notebook. d. type of survey conducted.
 Item 2 The type of survey and the date conducted are entered
 a. in ink. b. at the top of the left half of the page of the field notebook. c. at the bottom right of the page of the field notebook. d. on the flyleaf.
 Item 3 If you want to void out an entry, cross out the page by __________________
 across the page. a. drawing straight lines between diagonal corners of the page and printing
 “VOID” in large letters b. drawing a red “X” and printing “VOID” c. printing “BAD” in large letters d. printing “VOID” in red ink
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 Lesson 3 Exercise, continue
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 c 1-33 2 b 1-36 3 a 1-40

Page 58
						

MCI Course 0813C 1-46 Study Unit 1, Lesson 3 Exercise
 (This page intentionally left blank.)

Page 59
						

MCI Course 0813C 2-1 Study Unit 2
 STUDY UNIT 2
 OPERATING THE T2-E THEODOLITE
 Overview
 Scope Field artillery survey operations consist of many tasks; one of these is the
 measuring of horizontal and vertical angles. You will use these angles, plus the measured distance, to mathematically determine new survey data. To measure these angles, the Marines of the regimental and battalion survey sections use the T2-E theodolite. The T2-E is a directional-type instrument with interior scales graduated to the 0.001 of a mil.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 Setting Up the T2-E Theodolite 2-3 Reading the Scales 2-15

Page 60
						

MCI Course 0813C 2-2 Study Unit 2
 (This page intentionally left blank.)

Page 61
						

MCI Course 0813C 2-3 Study Unit 2, Lesson 1
 LESSON 1
 SETTING UP THE T2-E THEODOLITE
 Introduction
 Scope This lesson will introduce you to the procedures required to set up and march
 order the T2-E.
 Learning Objectives
 At the end of this lesson, you should be able to • Identify the procedures used to set up the T2-E theodolite for survey
 operations. • Identify the procedures used to march order the T2-E theodolite.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 2-3 Set Up the Tripod 2-4 Mount the Theodolite 2-6 Plumb and Level the T-2E Theodolite 2-7 March Order the T2-E Theodolite 2-11 Lesson 1 Exercise 2-12
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 GST-20 Tripod Nomenclature
 Before you can take any survey measurements, you must first familiarize yourself with the GST–20 tripod. The illustration below shows the different parts and names of the GST-20 tripod:
 Procedures The table below shows the correct procedures used to set up the GST-20
 tripod:
 Step Action 1 Turn the tripod upside down and place the head of the tripod on the
 toe of your boot. This prevents the tripod from getting dirty. 2 Unbuckle the leg strap. 3 Loosen the leg clamp thumbscrews. Do not force the leg clamp
 screws. 4 Extend the legs to the desired length and tighten the leg clamp
 thumbscrews. 5 Return the tripod to its upright position. 6 Spread the legs and place the tripod over the station to be occupied
 with one leg bisecting the angle(s) you will measure. 7 Remove the plumb bob from the tripod accessory case. 8 Attach the plumb bob to the fixing screw on the tripod. 9 Extend the plumb bob until it hangs approximately 1 inch above the
 survey station. 10 Place your foot on the tripod leg and firmly embed each leg into the
 ground.
 Note: Ensure the plumb bob remains within one-half inch latterly of being centered over the station and ensure the tripod head is approximately level. Remove the tripod head cover and stow it on the tripod leg.
 Continued on next page
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 Set Up the Tripod, Continued
 Illustration The illustration below shows the tripod leg bisecting the angle being
 measured:
 Note: Placing the tripod in this way will prevent you from straddling the
 tripod leg, which could easily cause you to bump the instrument off level.
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 Attaching the Theodolite
 Once the tripod is set, you must remove the theodolite from its hard plastic foam filled case and attach it to the tripod as follows:
 Step Action
 1 Place the box on a level surface. 2 Lift upward and release the cover clasps that secure the cover to
 the body of the box. 3 Lift the lid and remove the theodolite by the right standard.
 WARNING: You must handle the T2-E by the right standard
 only. If you grasp the standard containing the illuminating mirror, the theodolite could be damaged.
 The illustration below shows the right standard, vertical clamping screw, plate level, horizontal clamp, and level screws.
 4 Attach the theodolite to the head of the tripod by screwing the fixing screw loosely into the base of the instrument (tribrach).
 5 Close the case and store it where it will not hamper operations.
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 Plumb the Theodolite
 The theodolite should be plumbed as accurately as possible over the center of the station before you begin the leveling process. The steps are listed in the table below:
 Step Action
 1 Loosen the fixing screws slightly and slide the instrument around on the tripod head until the point of the plumb bob is centered over the station.
 2 Tighten the fixing screws. 3 Remove the plumb bob and return it to the tripod accessory case.
 Level the Theodolite
 Level the theodolite by using the steps listed in the table below:
 Step Action
 1 Loosen the vertical clamping screw and rotate the telescope to the horizontal position. This allows you to view the plate level.
 2 Tighten the vertical clamping screw. 3 Loosen the horizontal clamp.
 Continued on next page
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 Plumb and Level the Theodolite, Continued
 Level the Theodolite, continued
 Step Action 4 Rotate the instrument until the plate level vial is parallel to an
 imaginary line through any two of the three leveling screws. This is the first position. The illustration below shows the leveling vial parallel to two of the leveling screws:
 5 Tighten the horizontal clamping screw.
 6 Center the bubble by using the two parallel leveling screws. Grasp a leveling screw between the thumb and forefinger of each hand and turn the screws simultaneously so that the thumbs of both hands move either toward each other or away from each other. This action tightens one screw and loosens the other one. Note: The level bubble will always move in the same direction as your
 left thumb. The bubble shown in the first illustration will move to the right while the bubble in the second illustration will move to the left.
 Continued on next page
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 Level the Theodolite, continued
 Step Action 7 Loosen the horizontal clamping screw and rotate the instrument
 clockwise 1600 mils. This is the second position. The illustration below shows the theodolite being rotated 1600 mils clockwise:
 8 Tighten the horizontal clamping screw. 9 Center the bubble using the third leveling screw. 10 Loosen the horizontal clamping screw and rotate the instrument
 back to the first position. Tighten the horizontal clamping screw and re-center the bubble using the two leveling screws.
 11 Loosen the horizontal clamping screw and rotate the instrument back to the second position. Tighten the horizontal clamping screw and re-center the bubble using the third leveling screw.
 12 Repeat this process until the bubble remains centered in the first and second position.
 13 Rotate the instrument 3200 mils from the first position. This is the third position. If the bubble remains centered, rotate the instrument 3200 mils from the second position. This is the fourth position. If the bubble remains centered in this position, rotate the instrument 6400 mils. The bubble should remain centered; if it does, the instrument is level.
 Continued on next page
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 Plumb and Level the Theodolite, Continued
 Trouble Shoot If the bubble is not centered when the instrument is in the third position,
 perform the following steps:
 Step Action 1 Move the bubble halfway back to the center of the level vial using
 the same two leveling screws that were used in the first position (step 4).
 2 Rotate the instrument to the fourth position. 3 Move the bubble half the distance traveled from center of the level
 vial using the third leveling screw. 4 Rotate the instrument 6400 mils. If the bubble does not move
 more than one graduation, the instrument is level. Note: If the bubble moves more than one graduation, repeat the
 leveling process. If the bubble continues to move more than one graduation, the plate is out of adjustment.
 Recheck Procedures
 Recheck the instrument when it is level, the steps are listed in the table below:
 Step Action
 1 Check the optical plumb to ensure the instrument is leveled exactly over the station. The optical plumb has a small circle reticle. This small circle must be centered over the station. If it is not, loosen the fixing screw and center the instrument over the station by shifting it on the tripod.
 2 Tighten the fixing screw. 3 Recheck the level of the instrument. If it is not level, repeat the
 leveling process and again check the optical plumb. Repeat these procedures until the instrument is level and centered over the station.
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 Theodolite When angle measurements and recordings are complete at a station, you
 march order (take down) the theodolite using the following steps:
 Step Action 1 Loosen the vertical clamping screw and place the telescope in the
 vertical position with the objective lense down. 2 Lightly clamp the vertical clamping screw. 3 Close all mirrors. 4 Turn all leveling screws to the same position, approximately half
 way down. 5 Place the horizontal clamping screw over one of the leveling
 screws and tighten lightly. 6 Push the optical eyepiece until fully inserted. 7 Retrieve the carrying case and remove the dome-shaped cover
 from the base. 8 Grasp the instrument by the right standard and unscrew the fixing
 screw. 9 Lift the instrument from the tripod and secure it to the base of the
 carrying case. 10 Replace the dome-shaped cover and secure it.
 Tripod To march order the tripod, use the steps listed in the table below:
 Step Action 1 Replace the tripod head cover. 2 Loosen the tripod from the ground and close the tripod legs. 3 Place the tripod head on the toe of your boot. 4 Loosen the leg clamp thumbscrews and slide the extended legs
 toward the tripod head. 5 Tighten the leg clamp thumbscrews. Do not over tighten the leg
 clamp screws. 6 Strap the legs together with the leg strap. Stow all remaining
 accessories.
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 Lesson 1 Exercise
 Directions Complete exercise items 1 and 2 by performing the action required. Check
 your answers against those listed at the end of this lesson.
 Item 1 When attaching the theodolite to the head of the tripod, you should screw the
 fixing screw a. tightly to the tribrach. b. loosely into the plastic container. c. tightly into the base of the instrument. d. loosely into the base of the tribrach.
 Item 2 Once you turn all leveling screws to the same position, approximately half
 way down, you a. turn the left standard and screw in the fixing screw. b. place the horizontal clamping screw over one of the leveling screws and
 tighten lightly. c. loosen the bottom of the T2-E and pull gently. d. turn the right standard and screw in the fixing screw.
 Continued on next page
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 Lesson 1 Exercise, Continued
 Answers The table below lists the answers to the exercise items. If you have any
 questions about these items, refer to the reference page.
 Item Number Answer Reference Page 1 d 2-6 2 b 2-11
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MCI Course 0813C 2-15 Study Unit 2, Lesson 2
 LESSON 2
 READING THE SCALES
 Introduction
 Scope This lesson will introduce you to the procedures required to read the circle
 scales in the theodolite.
 Learning Objectives
 At the end of this lesson, you should be able to • Identify the procedures used to read the horizontal scales. • Determine the horizontal or vertical readings to the nearest thousandth of a
 mil. • Identify the steps used to convert vertical reading to vertical angles. • Identify the procedures used to read the vertical scales.
 In This Lesson This lesson contains the following topics:
 Topic See Page
 Introduction 2-15 Reading the Horizontal Scale 2-16 Vertical Angles 2-25 Reading the Vertical Scale 2-30 Lesson 2 Exercise 2-31
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 Horizontal Scale
 Before you can measure angles with the T2-E, you must first learn how to read both the horizontal and vertical scales. This lesson will begin with reading the horizontal scale.
 Circle Selector Knob
 The circle selector knob allows you to view only one set of scales, horizontal or vertical, at a time. The red line on the face of the circle selector knob must be horizontal when reading the horizontal scale and vertical when reading the vertical scale. Note: You must check the position of the circle setting knob each time you
 read the scales. The illustration below shows the circle selector knob in an incorrect position.
 Continued on next page
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 Scales The field of view in the microscope eyepiece contains three small windows of
 four scales. When combined, these windows make up one complete set of scale readings. Typical views of the scales are shown below:
 Continued on next page
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 Reading the Horizontal Scale, Continued
 Coincidence Before you can read the scale, you must use the coincidence knob on the side
 of the right standard to bring the diametrically opposite lines into coincidence. As you turn the coincidence knob, the top and bottom portions of the coincidence scale appear to move in opposite directions across the upper window. The micrometer scale in the lower window also moves.
 Proper Coincidence
 Proper coincidence is achieved when you get the graduation lines of both portions of the coincidence scale aligned so they appear as one continuous line. The final movement of the coincidence knob must be clockwise. The illustration below and to the left shows a scale out of coincidence; the illustration below and to the right shows a scale that has been moved into coincidence:
 Continued on next page
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 Main Scale The main scale on the theodolite is graduated in 10 mil increments. Each 10-
 mil increment is numbered with the units digit omitted. For example: • 10 mils appears as 001 • 250 mils appears as 025 • 3510 mils appears as 351
 Base Scale The base scale is numbered from 0 through 9 and represents the units of mils.
 The illustration below shows the base scale that is read as 6399 mils.
 Micrometer Scale
 The micrometer scale shown below is graduated from 0.000 mil to 1.000 mil. Each 0.001 mil is marked with a graduation and each tenth graduation is numbered (hundredth of a mil).
 Continued on next page
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 Reading the Horizontal Scale, Continued
 Procedures The procedures used to read the scales are listed in the table below:
 Step Action 1 Determine the first set of figures to the left on the main scale. This
 number is your scale reading to tens of mils. 2 Determine the units of mils by locating the number on the base
 scale that is below and to the immediate right of the number you identified on the main scale. In the illustration below, the #1 is pointing to the value of 639. This corresponds to 6390 mils.
 In the illustration below, the #2 is pointing to the units of 9 mils.
 Continued on next page
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 Reading the Horizontal Scale, Continued
 Procedures, continued
 Step Action 3 Add the first 2 sets of figures together to get the total reading of the
 main and base scales. Example: Main scale reading = 639; Corresponding to 6390 mils Base scale reading = 9; Corresponding to 9 mils 6399 mils
 4 Determine the reading from the micrometer scale by reading at the index line. Note: The micrometer scale reading is the fraction portion of a
 mil. The scale is graduated in 0.001 mil increments and numbered at each tenth graduation (hundredth of mil).
 5 Read the number to the left of the index line. In the illustration below, the number is 56, which corresponds to 0.560 mil.
 Continued on next page
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 Reading the Horizontal Scale, Continued
 Procedures, continued
 Step Action
 6 Count the number of spaces between the number (56) and the index line. The illustration below shows 1 space between the number 56 and the index line. Each space is equal to 0.001 mil. One (1) space x 0.0001 mil = 0.001 mil.
 7 Add the result to the figure you read directly from the main scale to determine the total micrometer reading. 0.560 mil + 0.001 mil = 0.561 mil
 8 Add the micrometer scale reading to the main and base scale reading to determine the complete circle reading. Total main and base scale reading = 6399 mils Total micrometer scale reading = 0.561 mil Total scale reading = 6399.561 mils
 Continued on next page
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 Reading the Horizontal Scale, Continued
 Illustration The illustration below shows the complete scale reading of 6399.561 mils:
 Note: As you read the horizontal scale reading, you would announce the
 measurement to the recorder.
 Continued on next page
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 Reading the Horizontal Scale, Continued
 Practice Using the illustration below, try to work the following problems to ensure you
 have a grasp of how to read the scales. 1. The number showing on the main scales reads as ___________. 2. The number showing on the base scale represents __________. 3. The micrometer scale total reading is ___________. 4. Add the micrometer scale to the base scale to get the total reading of
 ___________.
 Answers The answers for problems 1 through 4 are listed below:
 1. 133 corresponding to 1330 mils 2. 6 mils 3. 0.304 mils 4. 1336.304 mils
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 Measuring Vertical Angles
 Normally, each time you measure a horizontal angle, you measure the vertical angle to the forward station. However, vertical angles cannot be measured directly with the theodolite. The vertical scales of the theodolite reflect readings of 0 mil at the zenith (straight up), 1600 mils horizontal direct, 3200 mils at the nadir (straight down), and 4800 mils horizontal reverse. Thus, the values read from the vertical scales are not vertical angles, but are zenith distances that must be converted to vertical angles. Let us start with positive vertical angles.
 Positive Vertical Angles
 If the vertical scale readings are less than 1600 mils or greater than 4800 mils, the vertical angle is positive.
 Direct Mode Vertical Angle
 The illustration below shows a positive vertical angle with the telescope in the direct mode:
 With the telescope in the direct position, a vertical scale reading of less than 1600 mils indicates that the station observed (forward station) is above the horizon plane of the theodolite and the vertical angle is plus. You must subtract your reading from 1600 mils. Example: 1600.000 mils Direct vertical scale reading - 1586.029 mils Direct vertical angle 13.971 mils
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MCI Course 0813C 2-26 Study Unit 2, Lesson 2
 Vertical Angles, Continued
 Reverse Mode Vertical Angle
 The illustration below shows a positive vertical angle with the telescope in the reverse mode:
 With the telescope in the reverse position, a vertical scale reading greater than 4800 mils indicates a positive vertical angle, as shown in the figure above. Example: Reverse vertical scale reading = 4813.989 Reverse Position 4813.989 mils 4800.000 mils 13.989 mils Reverse vertical angle = + 13.989 mils
 Continued on next page
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MCI Course 0813C 2-27 Study Unit 2, Lesson 2
 Vertical Angles, Continued
 Negative Vertical Angles
 If the vertical angle scale reading is more than 1600 mils or less than 4800 mils, the vertical angle is minus. The illustration below shows a negative vertical angle with the telescope in the direct mode.
 With the telescope in the direct position, a vertical scale reading of more than 1600 mils indicates that the forward station is below the horizontal plane of the theodolite and the vertical angle is negative. To determine the vertical angle, subtract 1600 mils from the vertical reading. Example: Direct vertical scale reading = 1615.947 mils Direct Position 1615.947 mils - 1600.000 mils 15.947 mils Direct vertical angle = -15.947 mils
 Continued on next page
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MCI Course 0813C 2-28 Study Unit 2, Lesson 2
 Vertical Angles, Continued
 Negative Vertical Angles, continued
 With the telescope in the reverse position, a vertical scale reading of less than 4800 mils indicates a negative vertical angle. To determine the vertical angle, subtract the vertical scale reading from 4800 mils. Example: Reverse vertical scale reading = 4784.059 mils Reverse Position 4800.000 mils - 4784.059 mils 15.941 mils Reverse vertical angle = -15.941 mils The illustration below shows a negative vertical angle with the telescope in the reverse mode.
 Continued on next page
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MCI Course 0813C 2-29 Study Unit 2, Lesson 2
 Vertical Angles, Continued
 Practice Try to work the following problems to ensure you have a grasp of how to
 convert vertical scale readings to vertical angles: 1. Direct vertical scale reading = 1595.008 mils Reverse vertical scale reading = 4804.989 mils 2. Direct vertical scale reading = 1578.331 mils Reverse vertical scale reading = 4821.673 mils 3. Direct vertical scale reading = 1611.218 mils Reverse vertical scale reading = 4788.786 mils 4. Direct vertical scale reading = 1633.765 mils Reverse vertical scale reading = 4766.229 mils To check your work, here is a walk-through for problem 2. 2. Direct vertical scale reading = 1578.331 mils Reverse vertical scale reading = 4821.673 mils Direct Position Reverse position 1600.000 mils 4821.673 mils -1578.331 mils -4800.000 mils 21.669 mils 21.673 mils Direct vertical angle = +21.66 mils Reverse vertical angle = +21.673 mils
 Answers The answers for problem 1, 3, and 4 are listed below:
 1. Direct vertical angle = +4.992 mils Reverse vertical angle = +4.989 mils 3. Direct vertical angle = -11.218 mils Reverse vertical angle = -11.214 mils 4. Direct vertical angle = -33.765 mils Reverse vertical angle = -33.771 mils If your answers were not correct, review “Determining Vertical Angles” in this lesson before you continue.
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MCI Course 0813C 2-30 Study Unit 2, Lesson 2
 Reading the Vertical Scale
 Begin Reading You are now ready to begin reading the vertical scale. You read the vertical
 scale in the same manner as the horizontal scale. However, before you read the scale, you must perform the steps in the table below:
 Step Action
 1 Rotate the selector knob to the vertical position. 2 Elevate the telescope using the vertical tangent screw until the
 reticle is at the height of the instrument. 3 Press the automatic index button. 4 Bring the coincidence scale into coincidence. 5 Announce, “Bubble level, vertical reading” to the recorder. 6 Announce the scale reading to the recorder.
 Note: The recorder enters the reading in the field notebook and
 reads it back as you observe the scale reading to ensure the recorder has entered the correct measurement in the field notebook.
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MCI Course 0813C 2-31 Study Unit 2, Lesson 2 Exercise
 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 When reading the horizontal scale, you must first
 a. achieve proper coincidence. b. level the DI 3000. c. test the micrometer scale. d. achieve proper timing.
 Item 2 To determine the horizontal reading to the nearest thousandths of a mil, you
 must read the __________ scale. a. base b. tangent c. micrometer d. treble clef
 Item 3 If you have a vertical reading of 1589.062, you must _____________ mils to
 convert to a vertical angle. a. add 4800 b. subtract it from 1600 c. add it to 1600 d. subtract 3200
 Item 4 When reading the vertical scales, you must press the __________________
 before bringing the instrument into coincidence. a. vertical index button b. horizontal tangent screw c. automatic index button d. automatic tangent screw
 Continued on next page
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MCI Course 0813C 2-32 Study Unit 2, Lesson 2 Exercise
 Lesson 2 Exercise, Continued
 Answers The table below lists the answers to the exercise items. If you have any
 questions about these items, refer to the reference page.
 Item number Answer Reference Page 1 a 2-18 2 c 2-21 3 b 2-25 4 c 2-30
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MCI Course 0813C 3-1 Study Unit 3
 STUDY UNIT 3
 DISTANCE DETERMINATION
 Overview
 Scope Distance measurement is a basic survey operation that you must be able to
 perform. In past survey missions, getting accurate measurements of distances on the ground had been a problem. Methods such as “chaining” and “taping” were both used to solve this problem. Both of these methods proved to be both time consuming and somewhat inaccurate. Today, field artillerymen use a more precise method known as electronic distance measuring with the DISTOMAT WILD DI 3000 Distomat.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 DISTOMAT Wild DI 3000 3-3 The DI 3000 3-11
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MCI Course 0813C 3-3 Study Unit 3, Lesson 1
 LESSON 1
 DISTOMAT WILD DI 3000
 Introduction
 Scope This lesson will introduce you to the distance measuring equipment
 DISTOMAT WILD DI 3000 (DI 3000).
 Learning Objectives
 After completing this lesson, you should be able to • Identify the power source required to operate the DI 3000. • Identify the appropriate prism to use when measuring distance. • Identify the procedures required to set up the DI 3000.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 3-3 Characteristics 3-4 Set Up the Reflector 3-6 Set Up the DI 3000 3-8 Lesson 1 Exercise 3-9
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MCI Course 0813C 3-4 Study Unit 3, Lesson 1
 Characteristics
 Electronic Measuring
 The DI 3000 is a timed pulse electronic distance-measuring (EDM) device. An EDM device measures the time needed for a pulse of infrared light to travel to the prism set and back to the EDM. The EDM then correlates that information into a distance. The measurement displayed by the EDM is the mean (average) of hundreds, possibly thousands, of pulses. As with all EDMs, range depends on atmospheric conditions; however, on an average day, ranges up to 6000 meters can be achieved with a single prism. You can attach the DI 3000 to both optical and electronic theodolites or you can use it as a stand-alone instrument. The illustration below shows a DI 3000 mounted in a T2-E theodolite.
 Continued on next page
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MCI Course 0813C 3-5 Study Unit 3, Lesson 1
 Characteristics, Continued
 Power Source The DI 3000 requires a 12V DC power source. It can run off a GEB 70 12V
 nickel-cadmium battery or 12V HMMWV vehicle power. The GEB 70 is good for about 1200 measurements. The illustration below shows a GEB 70 mounted on the leg of a tripod.
 The battery has a nonconstant discharge rate. The battery will discharge quickly between power indicators 9 to 7 and 3 to 1. It will discharge slowly between indicators 7 to 3. The power indicators are displayed on the DI 3000 control panel. When the battery voltage drops below 11.0V (power indicator 1), the distomat will not measure a distance. Error message 12 appears on the display.
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MCI Course 0813C 3-6 Study Unit 3, Lesson 1
 Set Up the Reflector
 Target Set The target set consisting of the reflector prism, the target carrier, and the
 tribrach is used in conjunction with the DI 3000. You will attach the target set to a GST-20 tripod and set the tripod up over the forward station. Level the tribrach and aim the reflector at the instrument on the occupied station. The illustration below shows a 3-prism target set.
 Note: You will select the appropriate prism based on the distance to be
 measured and the atmospheric conditions.
 Continued on next page
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MCI Course 0813C 3-7 Study Unit 3, Lesson 1
 Set Up the Reflector, Continued
 Illustration The illustration below shows the three different reflector prisms that will be
 used with the DI 3000.
 Reflector Set Ranges
 The table below will help you determine which prism to use.
 Number of Prisms
 Atmospheric Conditions
 Poor Average Excellent 1 3 11
 About 2.0 km 2.3 km 2.7 km
 About 6 km 7 km 9 km
 About 9 km 11 km 14 km
 • Poor conditions – strong haze with visibility about 3 km, or very bright
 sunlight with severe heat shimmer. • Average conditions – light haze with visibility about 15 km, or moderate
 sunlight with light heat shimmer. • Excellent conditions – overcast, no haze, visibility about 30 km, and no
 heat shimmer.
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MCI Course 0813C 3-8 Study Unit 3, Lesson 1
 Set Up the DI 3000
 Procedures Set up a universal tripod and theodolite over the occupied station using the
 procedures outlined in Study Unit 2. Once you level and plumb the theodolite over the station, use the following procedures to attach the DI 3000:
 Step Action
 1 Take the carrying handle off of the T2-E by turning the carrying handle lock pin on the left side of the handle and by pulling the locking pin on the right side of the handle.
 2 Attach the DI 3000 to the theodolite. Ensure the balancing springs are over the pin on the standard of the theodolite.
 3 Press the two spring levers together. 4 Ensure that the DI 3000 is firmly seated directly on the adapter. 5 Release the spring levers to complete attachment. 6 Attach the battery to the tripod leg. 7 Slide the clip on the battery case over the bracket on the tripod leg
 and connect the battery. 8 To ensure the cable plug is inserted correctly into the socket, line
 up the red dot on the plug with the red dot on the socket and push the plug in. Note: To remove the plug, hold the sleeve of the plug and pull.
 Do not twist.
 Best Results To obtain the best results with the DI 3000, the infrared beam of the
 instrument and the line of sight of the theodolite telescope must be parallel. The return signal will then be at its maximum strength. This is essential for accurate measurements and maximum range. The illustration below shows the parallelism.
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MCI Course 0813C 3-9 Study Unit 3, Lesson 1 Exercise
 Lesson 1 Exercise
 Directions Complete exercise items 1 through 3 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The DI 3000 can run off of 12V vehicle power or
 a. GEB 70 nickel-cadmium battery b. GEB 17 nickel-plated battery. c. 21-volt test power. d. 12-volt test power.
 Item 2 During average conditions, you would need to use _____ prism(s) in order to
 measure a distance of 5 kilometers. a. 1 b. 2 c. 3 d. 11
 Item 3 When setting up the DI 3000 to achieve maximum strength, the infrared beam
 of the instrument must be a. parallel to the deck. b. in line with the theodolite. c. parallel to the line of sight. d. in line with the tripod.
 Continued on next page
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MCI Course 0813C 3-10 Study Unit 3, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answers Reference Page 1 a 3-5 2 a 3-7 3 c 3-8
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MCI Course 0813C 3-11 Study Unit 3, Lesson 2
 LESSON 2
 THE DI 3000
 Introduction
 Scope This lesson will identify the procedures required to input data, measure
 distance, and properly care for the DI 3000.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the procedures used to test the DI 3000. • Determine the proper prism constant. • Determine distance with the DI 3000. • Identify the proper care for all components of the DI 3000.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 3-11 Operations 3-12 Care and Maintenance 3-19 Lesson 2 Exercise 3-21
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MCI Course 0813C 3-12 Study Unit 3, Lesson 2
 Operations
 Control Panel All DI 3000 operations are performed using the control panel. There are three
 elements to the control panel: • Signal strength indicator • LCD display • Keyboard
 Display and Keyboard
 The illustration below shows the three elements of the control panel.
 Continued on next page
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MCI Course 0813C 3-13 Study Unit 3, Lesson 2
 Operations, Continued
 Key Color Code
 Each key is color coded according to its function. The table below shows the key color and the command type.
 Key Color Command Type White Main Command Green Display Setting
 Orange Set and Store Parameters Each keystroke is acknowledged with a beep. If the keystroke is not accepted because it was entered out of sequence, is illogical, or the instrument is busy carrying out operations, there will be no beep.
 On/Off Buttons To switch the DI 3000 on, press the ON button. The last set of stored parts
 per million (ppm) corrections is displayed as the DI 3000 is switched on. You will learn about ppms later in this lesson. To switch the DI 3000 off, press the OFF button.
 Automatic Off The DI 3000 has an automatic shut off mode. To activate or deactivate this
 mode, simply press the following keys in this order: 1. [STEP] 2. [MODE] 3. 5 4. [SET] Note: The DI 3000 will switch off automatically 10 minutes after the last
 keystroke except in tracking mode.
 Control Panel Illumination
 The DI 3000 data display field is illuminated from the back. To illuminate the display during night operations, press the lamp key. Turn off the illumination by pressing the same key.
 Continued on next page
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MCI Course 0813C 3-14 Study Unit 3, Lesson 2
 Operations, Continued
 Test Mode Use the test mode to ensure that the digital display, batteries, and infrared
 beam are working properly. The table below shows how you enter the test mode.
 Step Action
 1 Turn the DI 3000 on. 2 Press test and hold the button down for the display test. The digital
 display will show all functions in the display screen. 3 Release the test button for the battery power and signal strength
 indicators. • Battery power indicator measurement possible 1-9; the lower
 the number the weaker the battery. • If error 12 appears, battery strength is too low to operate.
 4 Exit from test mode by initiating any other command.
 Return Signal Strength
 The signal strength of the infrared beam can be determined by the table below:
 If Then
 the light is right of the test bar you have a strong signal the light is left of the test bar you have a weak signal you have no light no signal being returned from the prism you receive a tone you have a return signal
 Note: Pressing the [STOP] key stops the
 tone. there is no tone no signal is being returned from the prism
 Setting the DI 3000
 After completing the tests on the DI 3000, the instrument is ready to enter operation settings. The operating settings consist of prism constants, scale corrections, relative humidity, and units of measurements.
 Continued on next page

Page 105
						

MCI Course 0813C 3-15 Study Unit 3, Lesson 2
 Operations, Continued
 Prism Constant To ensure that displayed distances are correct, the prism constant for the
 prism type used is stored in the DI 3000. Prism constants are entered in millimeters (mm), not feet. To enter the prism constant, press the following keys in the order given: 1. [SET] 2. [mm] 3. Enter the mm value 4. [RUN] Note: Setting for the prism constant for the Wild circular prism is 0, and for the Wild rectangular prism its -35. If using non-Wild prisms, determine the prism constant by measuring a distance on an accurate known baseline.
 Scale Correction (ppm)
 The scale correction in parts per million (ppm) is used to apply corrections that are proportional to the distance, such as atmospheric correction, correction to sea level, and correction for projection scale factor. To enter and store known ppm, press the following keys in the order given: 1. [SET] 2. [pmm] 3. Enter the ppm value 4. [RUN]
 Continued on next page
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MCI Course 0813C 3-16 Study Unit 3, Lesson 2
 Operations, Continued
 Relative Humidity
 The influence of humidity is very small. You need only to consider it in hot regions or if you require extremely precise distance measurements. The average humidity value stored in the DI 3000 is always set to 60% and will cover most applications. The atmospheric correction in ppm is calculated in the DI 3000 using the entered temperature, pressure, and humidity values. To enter the relative humidity, press the following keys in the order given: 1. [SET] 2. [MODE] 3. 45 4. [RUN] 5. Enter humidity in percent 6. [RUN]
 Units of Measurements
 You can set the DI 3000 to measure either in feet or meters. The unit of measurement that is entered will be retained when the instrument is shut off. In the LCD display, an F in front of the ppm value indicates feet. To set the unit of measurement, press the following keys in the order given: 1. [SET] 2. [MODE] 3. [41] 4. [RUN] 5. Enter 0 for meters or 1 for feet 6. [RUN]
 Continued on next page
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MCI Course 0813C 3-17 Study Unit 3, Lesson 2
 Operations, Continued
 Distance Measurement
 After entering the operational settings, the DI 3000 is ready to take measurements. Conduct the measurements using one of the four modes listed in the table below:
 MODE KEY Normal measurements [DIST] Rapid measurements [DI] Tracking [TRK] Repeat mode [DIL]
 Normal Mode The normal (DIST) mode takes 3.5 seconds and has a standard deviation of
 3-5 millimeters + 1 parts per million. Press the DIST key to operate in this mode. At least 3 distances must be measured and meaned if the operator uses this mode.
 Rapid Mode The rapid (DI) mode takes 0.8 seconds and has a standard deviation of 5
 millimeters + 1 parts per million. Press the DI key to operate this mode. At least 3 distances must be used for this mode as well. The primary difference between this mode and the normal mode is the listed accuracy. This mode can also be used when heat shimmer prevents the user from measuring long distances with the normal and repeat modes.
 Tracking Mode The tracking (TRK) mode takes 0.8 seconds for the initial measurement
 followed by updates every 0.3 seconds. Standard deviation is 10mm + 1ppm. Press TRK to operate this mode. Tracking mode sends a constant signal and continuously displays a new distance. It will mainly be used with stake out measurements but can be used during parallelism adjustments. This mode can drain batteries if not monitored because the automatic shut-off is disabled while tracking.
 Continued on next page
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MCI Course 0813C 3-18 Study Unit 3, Lesson 2
 Operations, Continued
 Repeat Mode The repeat (DIL) mode takes 3.5 seconds and repeats automatically. The
 display in the repeat mode alternates between the cumulative mean of all measurements on the display, the number (n) of measurements taken, and the standard (s) deviation in millimeters of a single measurement on the next display. Press (DIL) to operate in this mode. The instrument operator monitors the standard deviation as it falls and then levels out. Once the standard deviation levels out, press STOP. The mean distance is displayed (DSP). If you need to view the number of measurements and deviation, press DSP.
 Interruptions Interruptions in the beam of infrared light will not affect the result. If the
 beam is interrupted, the display shows from 1 to 6 bars. The bars indicate how far the measurement has progressed. One bar equals start of measurement; six bars equals end of measurement.
 Horizontal Distance
 The DI 3000 measures slope distance. You must convert slope distance to horizontal distance. You can do this by performing the steps below.
 Keys Pressed Function of Keys Remarks DIST or DI or DIL …STOP Slope Distance Measured
 and Displayed
 V enter V-circle RUN Enter vertical circle reading
 Minimum 3 digits, maximum 7 digits and point
 CE Clear V-circle before run is pressed
 Clears entry one figure at a time
 DSP Displays horizontal distance
 DSP Displays height difference
 DSP Displays slope distance
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MCI Course 0813C 3-19 Study Unit 3, Lesson 2
 Care and Maintenance
 Cleaning The following steps listed in the table below are used to clean the DI 3000:
 Step Action 1 Wipe the paintwork clean. 2 Blow dust off the lenses and prism. 3 Wipe lenses clean with lense paper. 4 If necessary, use cotton moistened slightly with ether or pure
 alcohol. Note: Never use liquid such as oil, benzene, or water. Never
 touch the lenses with your fingers. 5 Inspect the cables and plugs. Keep plugs and sockets dry and
 clean. If a plug connection becomes dirty, wash it in ethyl alcohol and allow it to dry.
 Wet Instrument and Container
 Wipe a wet instrument carefully. Remove it from its container and allow it to dry completely. Wipe the container dry and leave open so it can dry out completely.
 Display Problems
 If the display of the DI 3000 remains blank after switching the instrument on, check the following: • Cable connections • Battery fuse • Battery
 Continued on next page
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MCI Course 0813C 3-20 Study Unit 3, Lesson 2
 Care and Maintenance, Continued
 Measuring Problems
 If the DI 3000 will not measure, check the following: • Battery strength • Proper seating of the DI 3000 on adapter • Return signal strength Then, ask the following questions. • Are there parallelism between the DI 3000 and the theodolite? • Are reflectors properly directed at the DI 3000? • Are prisms clean? • Are objective lenses of the DI 3000 clean? • Are sufficient prisms being used? • Is distance too long for atmospheric conditions? • Did an object interrupt beam?
 Hot Weather In very hot weather, shade the DI 3000. Severe heating can reduce the
 efficiency of the diodes and affect the range. Never point the DI 3000 directly at the sun. This can damage the internal electronic components (diodes). For maximum efficiency, at long ranges, shade the reflector prisms from intense sunlight.
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MCI Course 0813C 3-21 Study Unit 3, Lesson 2 Exercise
 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 When testing the DI 3000, error code 12 means
 a. battery strength too low. b. battery strength good. c. cables loose. d. lense dirty.
 Item 2 The proper prism constant for the Wild circular prism is ______ and _____for
 the Wild rectangular prism. a. 0, -35 b. 12, 35 c. 35, 0 d. -35, 12
 Item 3 The distance-measuring mode that takes 0.8 seconds for the initial
 measurement and 0.3 for updates is called a. normal. b. rapid. c. tracking. d. repeat.
 Item 4 What kind of alcohol is used to clean all plug connections?
 a. Pure b. Grain c. 50% d. Ethyl
 Continued on next page
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MCI Course 0813C 3-22 Study Unit 3, Lesson 2 Exercise
 Lesson 2 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answers Reference Page 1 a 3-14 2 a 3-15 3 c 3-17 4 d 3-19
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MCI Course 0813C 4-1 Study Unit 4
 STUDY UNIT 4
 TRAVERSE
 Overview
 Scope Traverse is a conventional survey method that determines the position and
 elevation of the stations occupied by a survey team. This study unit will guide you through the procedures in conducting a traverse operation.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 One-Position Angles 4-3 Two-Position Angles 4-25 Traverse Computations 4-35
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MCI Course 0813C 4-3 Study Unit 4, Lesson 1
 LESSON 1
 ONE-POSITION ANGLES
 Introduction
 Scope This lesson will introduce you to the procedures required to measure one-
 position angles with the theodolite.
 Learning Objectives
 After completing this lesson, you should be able to • List the steps required to place the initial circle setting on the horizontal
 scale of the T2-E.
 • Identify the procedures used to measure one-position angles with the T2-E.
 • Given a partially filled out page from a Field Record Book, determine the mean of one-position angles.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 4-3 Set the Horizontal Scale 4-4 Measure One-Position Angles 4-7 Mean Readings 4-15 Lesson 1 Exercise 4-21
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MCI Course 0813C 4-4 Study Unit 4, Lesson 1
 Set the Horizontal Scale
 Known Setting Now that you know how to read the scales on the T2-E, you are almost ready
 to measure the angles. First, you must learn how to set the horizontal scales on the theodolite by placing a known setting (initial circle setting) on the scales prior to measuring angles. There are two instances when you need to set an initial scale setting on the T2-E theodolite.
 First Instance The first instance, and the one you will use every time you are measuring
 angles, is when the initial setting of 0000.150 (±0.100 mils) is used. This prevents you from working with a mean of the direct and reverse (D and R) readings on a station of less than 0 mils. You set 0000.150 mils on the horizontal scales with the telescope in the direct position by following the steps in the table below:
 Step Action
 1 Loosen the horizontal clamping screw and point the telescope toward the rear station.
 2 Tighten the horizontal clamping screw and use the horizontal and vertical tangent screws to center the cross lines on the station.
 3 Set the selector knob to the horizontal position. 4 Place a reading of 0000.150 on the micrometer scale by using the
 coincidence knob. 5 Zero the main scale as accurately as possible by using the setting
 knob. Close the knob cover when done. Note: The “000” graduation on the main scale will rest directly
 over the “0” graduation on the base scale. 6 Bring the main scale into precise coincidence by using the
 coincidence knob. The micrometer scale reading will change slightly as the coincidence knob is adjusted.
 7 Read the horizontal scale. The reading should be between 0000.050 and 0000.250 mils. If not, repeat the procedures.
 Continued on next page
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MCI Course 0813C 4-5 Study Unit 4, Lesson 1
 Set the Horizontal Scale, Continued
 Second Instance
 The second instance is when you desire to orient the instrument on a line of known direction from a survey station, such as when recovering a lost survey marker. You accomplish this as shown in the table below:
 Step Action
 1 Determine what angle to turn by subtracting the azimuth to the rear station from the azimuth to the lost survey marker. Example: azimuth to the lost survey marker 4361.713 mils azimuth to the rear station -1311.261 mils required station angle 3050.452 mils Note: If the azimuth to the rear is greater than the azimuth to the
 lost survey marker, you must add 6400 mils to the azimuth to the lost survey marker before subtracting the azimuth to the rear station to determine the required station angle.
 Example: azimuth to the lost survey marker 0231.761 mils add +6400.000 mils sum 6631.761 mils azimuth to the rear - 4922.896 mils required station angle 1708.865 mils
 2 Point the telescope toward the rear station and set the initial scale setting. For instructional purposes, the initial scale setting is 0000.160 mils.
 3 Add the initial scale setting to the required station angle to determine the scale reading that must be on the horizontal scale to orient the telescope toward the lost survey marker. Example: azimuth to the lost survey marker 3050.452 mils azimuth to the rear station +0000.160 mils required station angle 3050.612 mils
 Continued on next page
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MCI Course 0813C 4-6 Study Unit 4, Lesson 1
 Set the Horizontal Scale, Continued
 Second Instance, continued
 Step Action
 4 Using the coincidence knob, set 0000.612 mils on the micrometer scale. The telescope does not move.
 5 Loosen the horizontal clamping screw and rotate the instrument clockwise until the main scale reading is near the required scale reading (3050.612 mils). The number “305” on the main scale should be almost over the “0” on the base scale.
 6 Tighten the horizontal clamping screw and use the horizontal tangent screw to set the coincidence scale into coincidence. The vertical cross line in the telescope is oriented on the azimuth to the lost survey marker.
 Illustration The illustration below is an example of locating a lost survey marker.
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MCI Course 0813C 4-7 Study Unit 4, Lesson 1
 Measure One-Position Angles
 Pointing After placing the initial scale setting on the horizontal scales, you are ready to
 measure angles. When measuring horizontal angles with the T2-E theodolite, you make a direct (D) and reverse (R) pointing to each station. The vertical scales’ reading is taken in the D and R positions while pointed at the forward station. The illustration shows both types of points that will be made.
 Orient the Theodolite
 You begin measuring one-position angles by first orienting the theodolite towards the rear station using the steps in the table below:
 Step Action
 1 Set up and level the instrument over the station. 2 With the instrument in the direct position, loosen the horizontal
 and vertical clamping screws and point the telescope at the rear station. Note: You may use the peep sight to roughly align the telescope
 on the rear station. 3 Tighten the horizontal clamping screw and use the horizontal and
 vertical tangent screws to center the reticle on the rear station. The final direction of rotation of the horizontal tangent screw must be clockwise.
 4 Open the horizontal and vertical illuminating mirrors. 5 Look into the microscope eyepiece and adjust the mirrors so you
 can read the scales.
 Continued on next page
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MCI Course 0813C 4-8 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 First Direct Reading
 Once you have oriented the theodolite, you are ready to set the initial scale setting. This will be the initial direct reading to the rear station. Ensure you announce the reading to the recorder and check the reading on the scales as the recorder reads back and enters the data into the field notebook. The illustration below shows the first direct reading (initial circle setting) entered correctly into the field notebook.
 Continued on next page
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MCI Course 0813C 4-9 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 Second Direct Reading
 Once the first direct reading has been recorded in the field notebook, use the steps below to measure the second direct reading:
 Step Action
 1 Loosen the horizontal clamping screw and rotate the instrument clockwise toward the forward station. Again, the peep sight can be used to gain rough alignment on the forward station. Tighten the horizontal clamping screw.
 2 Make the final adjustment in alignment with the horizontal tangent screw, ensuring a clockwise approach of the telescope reticle onto the station.
 3 After the telescope is properly aligned, use the coincidence knob to obtain coincidence.
 4 Announce the horizontal reading to the recorder and observe the scale reading as the recorder reads it back. In the illustration below, the direct reading to the forward station is 1324.547 mils.
 Continued on next page

Page 122
						

MCI Course 0813C 4-10 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 Direct Vertical Reading
 The next step in measuring a one-position angle will be to measure the vertical reading. Use the steps below to measure the vertical reading:
 Step Action
 1 Keeping the telescope in the direct position, use the vertical tangent screw to elevate the telescope until the horizontal reticle is at instrument height on the forward station.
 2 Change the selector knob to the vertical position. 3 Press the automatic index button. 4 Use the coincidence knob to bring the coincidence scale into
 alignment. 5 Announce, “Bubble Level, Vertical Reading” to the recorder. The
 recorder will record the reading. 6 Announce the vertical scales readings to the recorder. 7 The recorder enters the reading in the field notebook and reads it
 back as you look at the scales, ensuring no error has been made.
 Note: As stated in study unit 2, page 2-25, because vertical angles
 cannot be measured directly with the theodolite, you must remember to convert the reading to a vertical angle.
 Continued on next page

Page 123
						

MCI Course 0813C 4-11 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 First Reverse Horizontal Reading
 After measuring the direct readings, you are halfway done. You must now take reverse readings to each station. Use the steps below to measure the reverse readings.
 Step Action
 1 Loosen the vertical clamping screw. 2 Plunge the telescope (rotate) so that the objective lens of the
 telescope points back toward you. 3 Loosen the horizontal clamping screw and sight back in on the
 forward station. 4 Change selector knob back to horizontal position. Center the
 reticle on the station using the horizontal and vertical tangent screws.
 5 Bring the scales into coincidence. 6 Announce the reverse horizontal reading to the recorder. Observe
 the scales as the recorder reads back the reading. The illustration below shows the reverse horizontal reading to the forward station as 4524.543 mils.
 Continued on next page
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MCI Course 0813C 4-12 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 First Reverse Vertical Reading
 Perform the following steps for the reverse vertical readings:
 Step Action
 1 With the telescope in the reverse position, elevate the horizontal cross lines to instrument height using the vertical tangent screw.
 2 Change the selector knob to the vertical position. 3 Press the automatic index button. 4 Bring the scales into coincidence and announce, “Bubble Level,
 Vertical Reading” to the recorder. 5 Announce the reverse vertical reading to the recorder. The
 recorder records and reads back as you observe the scales. The illustration shows the reverse vertical reading as 4789.679 mils and a vertical angle of –10.321.
 To determine the vertical angle, subtract the vertical reading from 4800. The equation would be: 4800.000-4789.679 = reverse vertical angle of –10.321.
 Continued on next page
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MCI Course 0813C 4-13 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 Second Reverse Reading
 Perform the following steps for the second reverse vertical reading:
 Step Action
 1 Loosen the horizontal clamping screw and rotate the instrument clockwise until the vertical cross line is beyond the rear station.
 2 Tighten the horizontal clamping screw. 3 Use the horizontal and vertical tangent screw to center the reticle
 on the rear station. 4 Rotate the selector knob to the horizontal position. 5 Bring the scales into coincidence using the coincidence knob. 6 Announce the reverse horizontal scale reading to the recorder and
 observe the scale as the recorder reads back the reading. The illustration shows the reverse horizontal reading to the rear station of 3200.147 recorded properly.
 Continued on next page
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MCI Course 0813C 4-14 Study Unit 4, Lesson 1
 Measure One-Position Angles, Continued
 Second Reverse Reading, continued
 After you have made and recorded the reverse reading to the rear station, a direct pointing on the rear station should be made. This will save you time in setting the initial scale setting for the next angle measurement. This does not apply to two-position angles.
 Completion of Traverse Leg
 Once you have completed all measurements for the first leg of the traverse, you are now ready to move forward. The forward position will now become the occupied position and the old occupied position will now be the rear position. The illustration below shows the movements from one traverse station to the next.
 Once you have completed measurements of all traverse stations, you are now ready to compute the traverse using the BUCS-R and DA form 5591-R.
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MCI Course 0813C 4-15 Study Unit 4, Lesson 1
 Mean Readings
 Mean Reading to Rear Station
 After all measurements are taken, the recorder means the readings. Beginning with the rear station, subtract 3200 mils from the reverse pointing on station A and meaning the remainder with the direct pointing on station A. The equation would be: ([3200.147 – 3200.000] + 0000.151 ÷ 2 = 0000.149). The illustration below shows the mean reading recorded properly in the field notebook.
 Continued on next page
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MCI Course 0813C 4-16 Study Unit 4, Lesson 1
 Mean Readings, Continued
 Mean Reading to Forward Station
 The recorder means the forward station by subtracting 3200 mils from the reverse pointing on station B and the remainder with the direct pointing on station A. The equation would be: ([4524.543 – 3200.000] + 1324.547 ÷ 2 = 1324.545). The illustration bellows shows the mean reading recorded properly in the field notebook.
 Continued on next page
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MCI Course 0813C 4-17 Study Unit 4, Lesson 1
 Mean Readings, Continued
 Horizontal Angle
 To determine the horizontal angle from the rear station to the forward station, the recorder subtracts the mean reading to the rear station from the mean reading to the forward station (1324.545 – 0000.149 = 1324.396). All data that is meaned is circled. Thus, after the recorder enters the horizontal angle in the field notebook, he circles it. The illustration below shows a properly recorded mean horizontal angle.
 Continued on next page
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MCI Course 0813C 4-18 Study Unit 4, Lesson 1
 Mean Readings, Continued
 Mean Vertical Angle
 The recorder determines the mean vertical angle by adding the direct and reverse vertical angles and dividing by 2. The equation looks like this: (-10.324 + -10.321) ÷ 2 = - 10.322. The illustration below shows a properly recorded mean vertical angle.
 Continued on next page
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MCI Course 0813C 4-19 Study Unit 4, Lesson 1
 Mean Readings, Continued
 Marking the Stations
 Once you complete the survey, you must ensure the proper marking of the stations. This will allow the using unit to be able to move into the position and begin to set up as rapidly as possible. Although each artillery battalion has their own standard operation procedure for marking survey stations, the table below gives an example of how the procedure can be accomplished:
 Station Marking
 Orienting Station (OS)
 • The OS will be marked by a wooden hub, (approximately 1”x1”x 6”) driven nearly flush to the ground, with the plumbing point identified by a tack or an X scribed.
 • The OS will be witnessed by a stake 2 meters away
 from the hub (approximately 1”x1”x 4’ long) with yellow flagging, set in the ground at an angle pointing towards the end of orienting line (EOL or rear station). At night the OS will also be witnessed by a green chemlight.
 End of Orienting Line (EOL)
 • The EOL must be at least 100 meters from the OS and marked by a hub in the same way as the OS.
 • The EOL will be witnessed by a stake with red
 flagging, set plumb in the ground directly behind the hub. At night the EOL will be witnessed by a red chemlight.
 Tags • Plastic tags (approximately 1”x 2”) will be secured to either the hub or the stake at the OS and will contain at least the station name and the date established by survey.
 • The tags cannot contain any information that will
 assist the enemy intelligence collections efforts.
 Continued on next page
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MCI Course 0813C 4-20 Study Unit 4, Lesson 1
 Mean Readings, Continued
 Marking the Stations, continued
 Station Marking
 Firing Position Data Cards
 • Firing position data cards will be completed and handed to the battery CO, XO, or A-XO immediately upon completion of the position survey.
 • Firing Position data cards must contain the following
 information: 1. Station name 2. Date position established 3. UTM easting/northing and elevation for the OS and
 EOL 4. Grid azimuth from OS to EOL 5. Magnetic check (mag check) if requested 6. Spheroid (if requested) 7. Grid zone designation (if requested)
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MCI Course 0813C 4-21 Study Unit 4, Lesson 1 Exercise
 Lesson 1 Exercise
 Directions Complete exercise items 1 through 6 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 Using the list below, what is the proper sequence of steps after you have
 pointed the telescope and centered the cross lines on the rear station? 1. Bring the main scale into coincidence by using the coincidence knob. 2. Zero the main scale. 3. Set the selector knob to the horizontal position. 4. Read the horizontal scale. 5. Place a reading of 0000.150 on the micrometer scale.
 a. 1, 2, 3, 4, 5 b. 3, 1, 5, 4, 2 c. 2, 4, 5, 3, 1 d. 3, 5, 2, 1, 4
 Item 2 When reading one-position horizontal angles, your first reading is a
 a. reverse reading to the rear station. b. direct reading to the rear station. c. direct reading to the forward station. d. reverse reading to the forward station.
 Continued on next page
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MCI Course 0813C 4-22 Study Unit 4, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Directions for Item 3 Through Item 6
 The figure below pertains to items 3 through 6. Select the appropriate answer based on the recorded field notes.
 3. What is the mean reading to the rear station? ____________ 4. What is the mean reading to the forward station? ____________ 5. What is the mean horizontal angle? ____________ 6. What is the mean vertical angle? ____________
 Continued on next page
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MCI Course 0813C 4-23 Study Unit 4, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Answers The table below provides the correct answers to the exercise items. If you
 have any questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 d 4-4 2 b 4-8 3 0000.142 4-15 4 1093.771 4-16 5 1093.629 4-17 6 -15.944 4-18
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MCI Course 0813C 4-24 Study Unit 4, Lesson 1 Exercise
 (This page intentionally left blank.)
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MCI Course 0813C 4-25 Study Unit 4, Lesson 2
 LESSON 2
 TWO-POSITION ANGLES
 Introduction
 Scope This lesson will introduce you to the procedures required to measure two-
 position angles during survey operations.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the procedures required to measure a two-position angle with the
 theodolite. • Given a partially completed page of the Field Record Book, determine
 the mean of two-position angles.
 In This Lesson This lesson contains the following topics:
 Topic See Page
 Introduction 4-25 Measure Two-Position Angles 4-26 Lesson 2 Exercise 4-32
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MCI Course 0813C 4-26 Study Unit 4, Lesson 2
 Measure Two-Position Angles
 Introduction It may be necessary to measure two-position angles (each angle is measured
 twice), as in fourth order triangulation or fourth order intersection procedures. You measure the second position in the same manner as the first position, except that you measure the second position with the telescope in the reverse position for the initial pointing on each station. The procedures for measuring and recording the second position and multiple angles are discussed in this lesson.
 Procedures After completing the measurements and recording the data for the first
 position, wait for confirmation from the recorder that the first position met survey closure requirements. Then, use the following procedures in steps 2 through 7 to complete the second measurement.
 Step Action
 1 Set an initial circle setting of 4800.150 (± 0.100) mils on the horizontal scale. This is your reverse reading to the rear station.
 2 Announce the reading to the recorder. In the illustration below, the reading is 4800.138.
 Continued on next page

Page 139
						

MCI Course 0813C 4-27 Study Unit 4, Lesson 2
 Measure Two-Position Angles, Continued
 Procedures, continued
 Step Action 3 Record the two-position measurements in the same manner you
 record the one-position measurements, except you do not circle the separate mean horizontal angles of the first and second position, you place them in parentheses. Record the second position on a separate page of the field notebook.
 4 Loosen the horizontal clamping screw and rotate the instrument (clockwise) toward the forward station.
 5 Tighten the horizontal clamping screw and use the horizontal and vertical tangent screws to center the cross lines on the forward station at the lowest visible point. Announce the reading to the recorder. The illustration below shows a reading of 5285.488 mils.
 Note: There is no requirement to take vertical reading in the
 second position. 6 Plunge the telescope to the direct position and sight back on the
 forward station. Announce the reading 2085.467 to the recorder.
 Continued on next page
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MCI Course 0813C 4-28 Study Unit 4, Lesson 2
 Measure Two-Position Angles, Continued
 Procedures, continued
 Step Action 7 Rotate the instrument (clockwise) back to the rear station.
 Announce the scale reading 1600.107 to the recorder. The illustration below shows the second position direct reading to the rear and forward station recorded in the field recorder notebook.
 Mean Angles To determine the mean reading of the two pointings to each station for the
 second position measurements, follow the steps in the table below:
 Step Action 1 Add 3200 mils to the direct reading. 2 Add the result to the reverse reading. 3 Divide the sum by 2.
 Example: Rear Station R 4800.138 4800.138 D 1600.107 + 3200.000 = 4800.107 (4800.138 + 4800.107) ÷ 2 = 4800.122 Forward Station R 5285.488 5285.488 D 2085.467 + 3200.000 = 5285.467 (5285.488 + 5285.467) ÷ 2 = 5285.478
 Continued on next page
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MCI Course 0813C 4-29 Study Unit 4, Lesson 2
 Measure Two-Position Angles, Continued
 Mean Angles, continued
 Step Action 4 Place the reading in the recorder’s notebook. The illustration
 below shows the mean reading to the forward station, second position.
 5 Determine the horizontal angle by subtracting the mean reading to the rear station from the mean reading to the forward station. If the mean reading to the forward station is less than 4800, add 6400 to the mean reading to the forward station, then subtract the mean reading to the rear station. Example: Mean reading to the forward station 5285.478 Mean reading to the rear station - 4800.122 Horizontal station angle 0485.356
 Continued on next page
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MCI Course 0813C 4-30 Study Unit 4, Lesson 2
 Measure Two-Position Angles, Continued
 Mean Angles, continued
 Step Action 6 Place the second position mean horizontal angle in the recorder’s
 notebook. The illustration below shows the second position mean horizontal angle recorded properly in the recorder’s notebook.
 7 Compare the mean horizontal angle of the second position to the mean horizontal angle of the first position to see if they agree within 0.05 mils. You do this by subtracting the smaller angle from the larger angle. The second position page of the field record book has a column labeled MEAN HORIZ ∢. This is where you enter the first and second position angles and determine the mean. Example: Second position mean angle 0485.356 First position mean angle - 0485.336 Difference .020
 Continued on next page
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MCI Course 0813C 4-31 Study Unit 4, Lesson 2
 Measure Two-Position Angles, Continued
 Mean Angles, continued
 Step Action 8 If they agree within 0.05 mils, add the two angles and divide by 2.
 Enter the mean of the first and second position in the field record book and circle it. The illustration below shows the mean horizontal angle of the first and second position recorded in the notebook.
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MCI Course 0813C 4-32 Study Unit 4, Lesson 2 Exercise
 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 As part of a fourth order survey, it may be necessary to measure two
 positions. The second position is measured in the same manner as the first position, except that the position is measured with the telescope in the reverse position for the initial setting at each station. The initial circle setting for the second position is _______ mils. a. 0000.150 b. 3200.150 c. 1600.150 d. 4800.150
 Directions for Item 2 Through Item 4
 Use the figure below to answer items 2 through 4. Select the appropriate answer that identifies each mean reading and horizontal angle.
 Continued on next page
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MCI Course 0813C 4-33 Study Unit 4, Lesson 2 Exercise
 Lesson 2 Exercise, Continued
 Item 2 What is the mean reading to the rear station?
 a. 4800.341 b. 4800.134 c. 4800.050 d. 4800.330
 Item 3 What is the mean reading to the forward station?
 a. 4834.505 b. 5834.646 c. 5824.664 d. 4824.446
 Item 4 What is the mean horizontal angle of the second position?
 a. 0334.594 b. 1044.694 c. 1024.530 d. 0335.594
 Continued on next page
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MCI Course 0813C 4-34 Study Unit 4, Lesson 2 Exercise
 Lesson 2 Exercise, Continued
 Answers The table below provides the correct answers to the exercise items. If you
 have any questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 d 4-26 2 b 4-28 3 c 4-28 4 c 4-29
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MCI Course 0813C 4-35 Study Unit 4, Lesson 3
 LESSON 3
 TRAVERSE COMPUTATIONS
 Introduction
 Scope This lesson will introduce you to the procedures required to compute the
 traverse data.
 Learning Objectives
 After completing this lesson, you will be able to • Compute azimuth and distance. • Compute a traverse using the R-PDA with survey program version 2. • Identify all the information in the closing station output.
 In This Lesson This lesson contains the following topics:
 Topic See Page
 Introduction 4-35 Azimuth Distance 4-36 Traverse 4-40 Traverse Closure 4-47 Lesson 3 Exercise 4-51
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MCI Course 0813C 4-36 Study Unit 4, Lesson 3
 Azimuth Distance
 Continued on next page
 Azimuth Computations
 This program computes the grid azimuth and distance between two known stations when the UTM coordinates of both stations are known. The steps in the table below show how to compute the azimuth distance using the R-PDA.
 Step Action Result 1 Select “Azimuth Dist” from the
 menu.
 Azimuth Dist Page 1 First Station window appears.
 2 Enter name of the occupied station in the “Name” field.
 3 Enter the UTM Easting of the occupied station in the “Easting” field.
 4 Enter the UTM Northing of the occupied station in the “Northing” field.
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MCI Course 0813C 4-37 Study Unit 4, Lesson 3
 Azimuth Distance, Continued
 Azimuth Computations, continued
 Step Action Result
 5 Select Page 2 at the bottom of the window.
 Page 2 Azimuth Mark window appears.
 6 Enter the name of the Azimuth Mark in the “Name” field.
 7 Enter the UTM Easting of the Azimuth Mark in the “Easting” field.
 8 Enter the UTM Northing of the Azimuth Mark in the “Northing” field.
 Continued on next page
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MCI Course 0813C 4-38 Study Unit 4, Lesson 3
 Azimuth Distance, Continued
 Azimuth Computations, continued
 Step Action Result
 9 Select the Calc Button.
 Note: The outpost consist of the following information:
 • Grid Azimuth in mils • Distance in meters
 Summary of calculation.
 10 To Exit, select the in the upper right hand corner of the window.
 The archive screen appears.
 Continued on next page
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MCI Course 0813C 4-39 Study Unit 4, Lesson 3
 Azimuth Distance, Continued
 Azimuth Computations, continued
 Step Action Result 11 Select one of the following
 buttons: Yes: Archive function information and exit. No: Exit without saving information.
 Menu window appears.
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MCI Course 0813C 4-40 Study Unit 4, Lesson 3
 Traverse
 Traverse Computation
 Once you have completed the fieldwork for your traverse and have a trig list for the survey control points that were used in the scheme, you are now ready to perform the computations. The table below shows you how to compute the traverse.
 Step Action Result
 1 Select “Traverse” from the Menu.
 Traverse Page 1 First Station window appears.
 2 Enter the rear station name in the “Rear Sta Name” field.
 3 Enter the station name in the “Sta Name” field.
 4 Enter the UTM Easting of the observer’s station in the “Easting” field.
 5 Enter the UTM northing of the observer’s station in the “Northing” field.
 6 Enter the height of the observer’s station in the “Height” field.
 7 Enter the azimuth from the observer’s station in the “Az to Rear” field.
 Continued on next page
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MCI Course 0813C 4-41 Study Unit 4, Lesson 3
 Traverse, Continued
 Traverse Computation, continued
 Step Action Result
 8 Select Page 2 at the bottom of the window.
 Traverse page 2 Addition Station(s) window appears.
 9 Select the in the “Mn Sch” field, then select one of the following options: Yes or No Note: Enter Yes if the Sta is a main scheme station or enter No if the Sta is an offset station.
 10 Enter the horizontal angle to the forward station in the “Hz<Fwd” field.
 11 Enter the vertical angle to the forward station in the “VA (+/-)” field.
 Continued on next page
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MCI Course 0813C 4-42 Study Unit 4, Lesson 3
 Traverse, Continued
 Traverse Computations, continued
 Step Action Result 12 Select the in the “Recip VA”
 field, then select one of the following options: Yes or No Note: Enter Yes if the vertical angle is a reciprocal angle or enter No if it not a reciprocal angle.
 13 Enter the horizontal distance to the forward station in the “dis fwd (-sl/+hz)” field. Note: If the distance is a slope distance, enter the distance as a negative number.
 14 Enter the station name in the “Sta Name” field.
 15 Select the Calc Sta Data button.
 Summary of calculation.
 Continued on next page
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MCI Course 0813C 4-43 Study Unit 4, Lesson 3
 Traverse, Continued
 Traverse Computations, continued
 Step Action Result 16 Select the Enter New Sta
 button, then repeat steps 9 through 15 for additional stations.
 17 Select Page 3 at the bottom of the window.
 Traverse Page 3 Closing Station window appears.
 18 Enter the closing angle of the traverse in the “Closing” field.
 19 Enter the known azimuth to the station in the “AZ Fwd” field.
 20 Enter the known height of the closing station in the “Ht” field.
 21 Enter the known Easting of the closing station in the “Easting” field.
 22 Enter the known Northing of the closing station in the “Northing” field.
 Continued on next page
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MCI Course 0813C 4-44 Study Unit 4, Lesson 3
 Traverse, Continued
 Traverse Computations, continued
 Step Action Result
 Summary of calculation.
 23 Select Calc Closing Sta Data button.
 Note: The Closing Station Output consist of the following information:
 • Computed Azimuth to the Forward Station in mils.
 • Total Azimuth Correction in mils (mils).
 • Total Height Correction in meters (m).
 • Total Traverse Length in meters (m).
 • Radial Error in meters (m). • Accuracy Ratio.
 Continued on next page
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MCI Course 0813C 4-45 Study Unit 4, Lesson 3
 Traverse, Continued
 Traverse Computations, continued
 Adjust Traverse: Adjust the main scheme legs of a traverse to compensate for error. Use the Adjust function to recompute the azimuth, height, and distance of the main scheme legs of a traverse, thereby spreading the error proportionally throughout the entire survey. Step Action Result 24 Select the Adjust traverse button.
 Note: Adjusted data for each main scheme angle is displayed and the corrections for easting, northing, height and azimuth are displayed below it.
 The adjusted station data appears.
 25 Select the ok button.
 The CLOSING STA window appears.
 Continued on next page

Page 158
						

MCI Course 0813C 4-46 Study Unit 4, Lesson 3
 Traverse, Continued
 Traverse Computations, continued
 Step Action Result 26 To Exit, select the in the
 upper right hand window. The Archive screen appears.
 27 Select one of the following buttons: Yes: Archive function information and exit. No: Exit without saving information.
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MCI Course 0813C 4-47 Study Unit 4, Lesson 3
 Traverse Closure
 Radial Error of Closure
 The R-PDA will compute the RE automatically during the closing portion of traverse computations. You can also compute the RE using the Pythagorean theorem (A² + B² = C²) by assuming the RE is the hypotenuse or C² and the difference in easting eE and northing eN are the two known sides. The example below shows how to compute the RE using the Pythagorean theorem. Known Coordinates of closing point E: 555131.89 N: 3839365.46 Computed Coordinates of closing point (-)E: 555131.33 N: 3839364.74 Error (meters) dE –0.56 dN +0.72
 Fourth Order Allowable RE
 The maximum allowable error in position closure for a fourth-order traverse generally is expressed as 1:3000 or 1 unit of radial error for each 3000 similar units of traverse. A maximum allowable radial error for a fourth-order survey is determined in one of two ways. If the traverse length is less than 9000 meters, the maximum allowable radial error is determined by dividing the total traverse length (TTL) by 3000. For example: Total traverse length 5189.17 meters ÷ 3000 = 1.73 allowable RE If the total traverse length is greater than 9000, you determine the allowable radial error by the following formula: square root of K where K equals the total traverse length in kilometers instead of meters. For example: 12,589.550 meters would be √¯12.589550 = 3.55 RE. If you were to divide the TTL by 3000, the allowable RE would be 4.20 or 0.65 meters more than with the square root of K.
 Continued on next page
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MCI Course 0813C 4-48 Study Unit 4, Lesson 3
 Traverse Closure, Continued
 Fifth Order Allowable RE
 The allowable RE for a fifth order traverse is 1:1000 or 1 meter of RE for each 1000 meters of traverse. You determine the allowable RE by dividing the TTL by 1000. For example: Total traverse length 3542.230 ÷ 1000 = 3.54 allowable RE
 Excessive Radial Error
 If the RE of a traverse exceeds the specifications listed for allowable RE, the traverse is considered a “bust”. Your survey chief or survey officer will have to determine and correct the traverse error.
 Closing Azimuth Error
 To compute the azimuth error (eAz), compare the known azimuth to the computed azimuth at the closing station. The azimuth error is the difference between the known azimuth and the computed azimuth from the closing station to the azimuth mark. If the known azimuth is a larger value than the computed, the eAz is negative. If the known azimuth is a smaller number than the computed, the eAz is positive. The eAz is computed automatically by the R-PDA.
 Fourth Order eAz
 The allowable eAz for a fourth order traverse with six or fewer main scheme angles is determined with the following formula: eAz = 0.04 mils x N when N equals the number of main scheme angles, including the closing angle. For example: the allowable eAz of a fourth order traverse that contains four main scheme angles would be: 0.04 x 4 (main scheme angles) = 0.16 mils eAz. The allowable eAz for a fourth order traverse with seven or more main scheme angles is determined with the following formula: 0.1 x √¯N when N equals the number of main scheme angles, including the closing angle. For example: the allowable eAz of a traverse with nine main scheme angles would be 0.1 x √¯9 = 0.300 mils.
 Continued on next page
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MCI Course 0813C 4-49 Study Unit 4, Lesson 3
 Traverse Closure, Continued
 Fifth Order eAz
 The allowable eAz for a fifth order traverse is determined using the formula eAz = 0.1 mils x N when N equals the number of main scheme angles, including the closing angle. For example: if a fifth order traverse contains 13 main scheme angles, the allowable eAz would be 0.1 x 13 = 1.3 mils.
 Excessive eAz If the eAz of a traverse exceeds the allowable specifications, the traverse is
 considered a “bust” and the error must be determined and corrected.
 Accuracy Ratio There are minimum position accuracy specifications required for survey
 fieldwork and computations. To determine whether your traverse meets the requirement, you compute an accuracy ratio (AR). An AR is the ratio of position error to total traverse length (TTL). Total traverse length is the sum distance of all main scheme legs. AR is computed by dividing the TTL by the RE. For example: if the TTL of a traverse is 7896.23 and the RE is 3.01, then AR = 2614.362.
 Expressing the AR
 The AR can be expressed as a fraction with the numerator being one (i.e., 1/2600), or as a ratio (i.e., 1:2600), and read as one to the computed value such as one to twenty-six hundred. After you compute the AR, you always reduce the denominator to the next lower hundred. For example: 1/2623.332 would be reduced to 1/2600.
 Continued on next page
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MCI Course 0813C 4-50 Study Unit 4, Lesson 3
 Traverse Closure, Continued
 Fourth Order AR
 The minimum accepted AR depends on the order of survey being performed. For fourth order survey, the minimum AR is 1:3000. This means that you are allowed one meter of error for every 3000 meters of traverse length. For example, if you were conducting a fourth order survey with a TTL of 7896.23 and your RE was 3.01, your AR would be 1: 2600. This would be considered a “busted survey” because it did not meet the fourth order accuracy ratio of 1: 3000.
 Fifth Order AR If you were to conduct a fifth order survey with a TTL of 7896.23 and your
 RE was 3.01, again your AR would be 1:2600. Since fifth order survey only has to be accurate to 1:1000, your survey would be considered sufficient or “closed” because you achieved a greater AR than the stated minimum.
 Busted Survey If the computed accuracy ratio of either fourth or fifth order survey does not
 meet minimum requirements, the survey is considered a “bust” and your survey officer or survey chief will have to determine the traverse error and correct it.
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MCI Course 0813C 4-51 Study Unit 4, Lesson 3 Exercise
 Lesson 3 Exercise
 Directions Complete exercise items 1 through 3 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 When computing a traverse using the R-PDA what type of information goes
 on Page 1? a. First STA; Import Traverse. b. Compute Traverse; Exit. c. Known data for the occupied and rear station. d. Artillery Astro; Add/Edit Sta.
 Item 2 You have conducted a fourth order traverse with a total traverse length of
 6189.25 meters. The allowable radial error would be a. 1.63. b. 1.06. c. 2.06. d. 2.63.
 Item 3 When computing the accuracy ratio, the denominator is equal to the
 a. total length of the traverse divided by the radial error of closure. b. sum of all traverse legs. c. total length of all traverse legs squared and divided by the radial error. d. radial error squared.
 Continued on next page
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MCI Course 0813C 4-52 Study Unit 4, Lesson 3 Exercise
 Lesson 3 Exercise, Continued
 Answers The table below provides the correct answers to the exercise items. If you
 have any questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 c 4-39 2 c 4-47 3 a 4-49
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MCI Course 0813C 5-1 Study Unit 5
 STUDY UNIT 5
 ARTILLERY ASTRONOMY
 Overview
 Scope By making observations of the sun or stars, the artillery surveyor can rapidly
 and accurately determine an azimuth to a point. These astronomical observations or “astros” provide true azimuths, which are converted to grid azimuths by applying grid convergence. This study unit will guide you through the steps required to perform artillery astro survey missions.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page Basic Astronomy 5-3 Artillery Astronomic Observation (Sun) 5-21 Artillery Astronomic Observation (Star) 5-45
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 LESSON 1
 BASIC ASTRONOMY
 Introduction
 Scope This lesson will introduce you to basic astronomy theory and the terms and
 definitions required to perform artillery astro survey.
 Learning Objectives
 At the end of this lesson, you should be able to • Identify the definition of celestial sphere. • Identify the sides of the Astronomic or PZS triangle. • Identify the standard time zone surveyors use to conduct and compute all survey operations.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 5-3 Movement of the Earth 5-4 Celestial Sphere 5-7 Astronomic Triangle 5-12 Time 5-14 Lesson 1 Exercise 5-18
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 Movement of the Earth
 Shape The shape of the earth can best be described as a flattened sphere. The line
 connecting the flattened ends or the shorter axis is the earth’s rotating axis. The points where this axis intersects the surface are the north and south poles; therefore the rotating axis is also referred to as the polar axis. If the earth’s polar axis were perpendicular to its orbit around the sun, there would be no change in seasons; the sun’s rays would always be directed at the equator. Because the earth’s axis is tilted at an angle of approximately 23º 30’ or 417.78 mils, the sun’s rays are directed at different portions of the earth as it orbits the sun. The illustration below shows the earth’s rotation axis along with the north and south poles.
 Motion Two important motions of the earth to a surveyor are rotation and revolution.
 These motions form a complex pattern, both of which affect the earth’s relationship to the stars and other planets.
 Continued on next page
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 Movement of the Earth, Continued
 Rotation Rotation refers to the turning of the earth on its axis. The earth rotates from
 west to east, making one complete rotation in a period of about 24 hours.
 Revolution The earth revolves around the sun on a 600 million mile orbit at a speed of
 about 18.5 miles per second. The average distance to the sun is about 93 million miles. The tilting of the earth along with the elliptical orbit around the sun gives us our seasons.
 Coordinate System
 Because a rectangular coordinate mapping system would have proven impractical on a sphere, the latitude, longitude system was created using angular measurements. Artillery surveyors use this system when conducting artillery astros.
 Latitude Planes were “passed” through the earth, all parallel to each other and
 perpendicular to the rotating axis of the earth. The lines created by the planes are called parallels of latitude. The parallel of latitude halfway between the poles is called the Equator. This parallel is given a value of 0º and is used as the basis for measuring latitude. Latitude is measured in units of degrees, minutes, and seconds north or south of the Equator 34º45’14” N or 24º44’55” S. Latitude can go up to 90º.
 Longitude Second sets of planes were “passed” through the earth to intersect at both
 poles. Meridians of longitude were created with this process. A baseline for measurement was established with the meridian that passed through Greenwich, England, and was given a value of 0º. Longitude is measured in units of degrees, minutes, and seconds east and west of the Greenwich meridian. An example would be 90º22’18” W or 30º29’49” E. Longitude can go up to 180º.
 Continued on next page
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 Movement of the Earth, Continued
 UTM Grid As you may recall from your Basic Fire Direction Course, a grid system is a
 two-dimensional plane-rectangular coordinate system that is usually based on a map projection. This allows for the transformation from latitude and longitude to easting and northing. The grid system typically used on maps in the United States military is the Universal Transverse Mercator (UTM) grid system. With the UTM grid system, the ellipsoid is divided into 60 grid zones, each 6° wide, extending from 84° N latitude to 80° S latitude. Zones are numbered from 1 to 60. Zone 1 starts at 180° - 174° west longitude, zone 2 at 174° west - 168° west longitude, continuing east to zone 60 at 174° E - 180° longitude. The prime meridian (0° longitude) separates zones 30 and 31.
 Locating a Point
 The location of any point in the UTM grid system can be designated by coordinates by giving its distance east-west (easting) and its distance north-south (northing) from the origin of grid zone. This origin is the intersection of the Equator and the central meridian of the grid zone. The grid is oriented by placing the east-west axis of the grid in coincidence with the Equator and the north-south axis of the grid in coincidence with the central meridian of the zone.
 False Values Once the grid is oriented, the origin for the easting and northing are assigned
 false values. The false values are used to make each grid unique throughout the earth. The central meridian (origin for easting) of each zone is assigned an easting value of 500,000 meters. The easting increases east and decreases west of the central meridian. The Equator (origin of northing) is assigned two false values. If operating in the northern hemisphere, the northing of the Equator is 0 meters and increases north. If operating in the southern hemisphere, the northing of the Equator is 10,000,000 meters and decreases south. Grid lines that run north and south are easting lines and are parallel to the central meridian. Grid lines that run east and west are northing lines and are parallel to the Equator. The field artillery surveyor always records the entire UTM grid to include the false values when conducting a survey.
 Example An example of a UTM grid would be:
 (E) 6 39127.84 - (N) 38 25411.24 Six is the false value in the easting and 38 is the false value in the northing.
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 Celestial Sphere
 Center of the Universe
 In artillery astronomy, it has been assumed that the earth is at the center of the universe, and that everything else (sun, stars, and planets) are on the surface of a sphere of infinite radius known as the celestial sphere. It is also assumed that the earth is stationary and the celestial sphere rotates around the earth from east to west. Because the earth rotates west to east, the apparent motion of the celestial bodies rotates the opposite direction.
 Celestial Poles and Equator
 Locations of the celestial poles are at the point in the sphere where the earth’s polar axis would intersect the sphere if they were extended into space. If you could extend the plane of the earth’s equator into space, the point where that plane intersects the celestial sphere is the celestial equator. The illustration shows the earth being stationary while the celestial sphere rotates around it, the position of the celestial poles, and the equator.
 Continued on next page

Page 172
						

MCI Course 0813C 5-8 Study Unit 5, Lesson 1
 Celestial Sphere, Continued
 Celestial Coordinates
 Astronomic observations are performed by using the celestial coordinates of points on the celestial sphere. These coordinates are located on the surface of the sphere and are referred to as spherical coordinates.
 Spherical Coordinate System
 There are two spherical coordinate systems: the horizon system and the Equator system. The Equator system is used in artillery survey. Reference points, such as the poles, the Equator, meridians of longitude, and parallels of latitude are used to determine locations of points on the earth’s surface. Celestial coordinates are used to determine the location of points on the celestial sphere.
 Great Circle Any circle on the surface of the celestial sphere whose plane passes through
 the center of the celestial sphere is called a great circle. For example, the celestial equator is a great circle. When the plane is set perpendicular to the celestial equator, it is referred to as an hour circle and includes both poles of the celestial sphere.
 Observer’s Meridian
 The hour circle that includes the plane of the observer’s longitude is called the observer’s meridian. The upper transit of the observer’s meridian is the part that includes the observer’s longitude and the observer’s zenith, or the observer’s plumb line extended upward to the celestial sphere. The lower transit of the observer’s meridian is 180º from the upper transit and includes the observer’s nadir, or the observer’s plumb line extended downward to the celestial sphere.
 Observer’s Position
 The position of the observer on the surface of the earth is located by latitude and longitude. When the observer’s plumb line is extended upward to the celestial sphere, a point referred to as the observer’s zenith or zenith position is formed. This position is also located by latitude and longitude and provides a fixed position of the observer’s instrument on the celestial sphere.
 Continued on next page

Page 173
						

MCI Course 0813C 5-9 Study Unit 5, Lesson 1
 Celestial Sphere, Continued
 Zenith Latitude and Longitude
 The zenith latitude is the arc distance from the celestial equator to the observer’s zenith. The arc distance along the celestial equator from the plane of the prime meridian (Greenwich Meridian) to the plane of the observer’s meridian extended to intersect the celestial sphere is known as the zenith longitude. This is also the angle between those two planes as measured at the celestial poles. The illustration below shows both zenith latitude and longitude.
 Vernal Equinox During each year, the sun traces a path called the ecliptic on the celestial
 sphere. This path moves from the southern hemisphere of the celestial sphere to the northern hemisphere and back. The point where the sun crosses the celestial equator is known as the vernal equinox, also known as the first day of spring. The vernal equinox is the first point of the Equator reference system. It is used in the same manner as the prime meridian of Greenwich is used as a reference point.
 Continued on next page
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 Celestial Sphere, Continued
 Celestial Equator
 The second point of reference is the celestial equator. It divides the celestial globe into northern and southern hemispheres such as the equator on earth divides our hemispheres. The declination of the celestial equator is 0º or 0 mils just like the equator on earth. The illustration below shows both points of reference in the equator system.
 Star Position Since the stars appear to rotate about the earth, a fixed point is needed so that
 it can be identified and whose location in time, relative to Greenwich time, can be computed for any given moment. That position is the vernal equinox or the first day of spring. Once the position of the vernal equinox is known, it is possible to identify the relative location of any prominent star by knowing how far it is from the vernal equinox and knowing whether it is north or south of the celestial equator.
 Continued on next page
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 Celestial Sphere, Continued
 Right Ascension
 The arc distance eastward along the celestial equator from the vernal equinox to the star is the spherical coordinate known as right ascension. Right ascension corresponds to longitude on the earth. This distance is measured in degrees, minutes, and seconds of arc or in hours, minutes, and seconds. Normally, hours, minutes, and seconds are used, which can be from 0 to 24 hours.
 Declination The second spherical coordinate, declination, is the star’s angular distance
 north or south of the celestial equator measured on the hour circle of the body. North declination is a plus (+), and south declination is a minus (-). Declination can be from 0 to 1,600 mils north or south of the celestial equator. The illustration below shows both right ascension and declination. Together, they work in the same fashion as easting and northern grid lines on a map.
 Observer’s Horizon
 The observer’s horizon is the plane tangent (touching) the earth at the observer’s position and perpendicular to his plumb line extended out to the celestial sphere. The observer’s horizon is used as a reference for determining the altitude of a celestial body.
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 Astronomic Triangle
 Determining Azimuth
 In artillery survey, the determination of astro azimuth is based on the solution of a spherical triangle located on the celestial sphere. This triangle is commonly known as the Astronomic Triangle or PZS triangle. The PZS triangle has the vertices of the pole (P), the observer’s zenith (Z), and the sun or star (S).
 Sides of the PZS Triangle
 The sides of the PZS triangle are segments of great circles passing through any two of the vertices. The sides are arcs and are measured with angular values. The value of each side is determined by the angle that the side subtends on the earth. The three sides of the PZS triangle are explained in the table below.
 Part Location
 Polar Distance Side from the celestial north pole to the celestial body. Coaltitude Side of the triangle from the celestial body to the zenith. Colatitude Side extending from the celestial north pole to the
 zenith.
 Angles of the PZS Triangle
 The three angles formed in the PZS triangle are parallactic angle, the zenith angle or the azimuth angle, and the time angle (angle T). The locations of the three angles are explained in the table below.
 Part Location
 Parallactic angle Interior angle at the celestial body formed by the intersection of the polar distance side and the coaltitude side. It is used in determining azimuth by the arty astro method.
 Zenith /Azimuth angle
 Interior angle at the zenith formed by the intersection of the coaltitude side and the colatitude side. It is used to determine true azimuth from the observer to the celestial body.
 Time angle (angle T)
 Interior angle formed at the pole by the intersection of the polar distance side and the colatitude side.
 Continued on next page
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 Astronomic Triangle, Continued
 True Azimuth If the artillery surveyor knows any three elements of the PZS triangle, then
 the other elements can be determined by spherical trigonometry. The element that the artillery surveyor always solves for is the zenith angle. This azimuth is used to determine a true azimuth on the ground. The illustration below shows the three angles of the PZS triangle.
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 Time
 Importance of Time
 Since the PZS triangle changes constantly due to the apparent rotation of the celestial sphere, the solution for the unknown must be related to specific time. Accurate time is an extremely important factor when conducting artillery astro survey missions. The surveyor must know the precise time in order to fix the position of the celestial body in relation to the celestial coordinate system. In practical astronomy, two types of time are used. These are sun (solar) and star (sidereal) time. Both are based on one rotation of the earth with respect to a standard reference line; however, a solar day is longer by 3 minutes and 56 seconds.
 Solar Time Time indicated by the position of the actual sun is called apparent solar time.
 Apparent solar time for any point is the amount of time that has elapsed since the apparent sun last crossed the meridian at that point. Greenwich apparent time is the amount of time that has elapsed since the apparent sun last crossed the lower transit of the Greenwich Meridian. Apparent solar time is not usually considered accurate enough for most modern applications. For several reasons the length of an apparent solar day varies from season to season. For example, December 25 is 50 seconds longer than September 13 and days in January average 15 seconds longer than days in July.
 Mean Solar Time
 Because time is so critical and needed to be measured in a more consistent way, mean solar time is used in artillery survey. Mean solar time is based on a fictitious sun moving at a uniform rate along the celestial equator. Mean solar time is numbered from 0-24 uniform hours. For example, Greenwich mean time (GMT) is the amount of time that has elapsed since the mean sun last crossed the lower transit of the Greenwich Meridian. Local mean time (LMT) is the amount of time that has elapsed since the mean sun last crossed the lower transit of the observer’s meridian (solar midnight).
 Equation of Time
 The difference between apparent solar time and mean solar time is called the equation of time. This value can vary from +16 minutes to -14 minutes, depending on the season.
 Continued on next page
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 Time, Continued
 Time Zones The mean solar day has been divided into 24 equal units of time. There are
 24 time zones, each 15º wide around the earth. The Greenwich meridian, 0º longitude used as the central meridian of a time zone and the zero reference for the computation of time zones, each 15º zone extends 7.5º east and west of the zone central meridian. Therefore, the central meridian of each time zone, east or west of the Greenwich meridian, is a multiple of 15º. For example, the time zone of the 90º meridian extends from 82º30’ to 97º30’. Each 15º meridian, or multiple of, east or west of the Greenwich meridian is called a standard time meridian. Four of these meridians (75º, 90º, 105º, 120º) cross the United States. The illustration below shows the four different time zones that divide the continental United States.
 Continued on next page
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 Time, Continued
 Standard Time Zones
 Standard time zone boundaries are often irregular, especially over land areas. These boundaries follow the 7.5º rule to each side of the zone central meridian, approximately, having been shifted wherever necessary to coincide with geographical or political boundaries. Standard time, a refinement of mean solar time, is further identified by names or letter designation. For example, the central standard time (CST) zone, time based on the 90º meridian, is also the S standard time zone. The artillery surveyor uses the term “local mean time (LMT)” in referring to standard time. It refers to the standard time in the referenced locale unless the area is using nonstandard time such as daylight savings time. The illustration below shows the world time zone map with letter designators.
 Continued on next page
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 Time, Continued
 Standard Time Zones, continued
 To preclude the problem of compiling time data for each of 24 standard time zones of the world, it was decided to compute time data pertaining to mean solar time for only one of the standard time zones. Standard time zone Z, which uses the Greenwich meridian as its basic time meridian, was the zone chosen. Greenwich standard time, also known as Greenwich mean time (GMT) or Universal time, is defined as the length of time since the mean sun last crossed the 180th meridian (lower branch of the Greenwich Meridian) or solar midnight. This time can be expressed as the reading of the standard 24-hour clock at the Greenwich Observatory, Greenwich, England, at the moment an observation is made on a celestial body; hence, it is the same time throughout the world. Therefore, since the observer’s watch is usually set on the standard time observed in his area, that time (LMT) must be converted to GMT. The data published in FM 6-300 are tabulated with respect to the Greenwich meridian and 0h Greenwich time.
 Sidereal Time The sidereal day is defined by the time interval between successive passages
 of the vernal equinox over the upper meridian of a given location. The sidereal year is the interval of time required for the earth to orbit the sun and return to its same position in relation to the stars. Since the sidereal day is 3 minutes 56 seconds shorter than the solar day, this differential in time results in the sidereal year being one day longer than the solar (tropical) year, or a total of 366.2422 sidereal days. Since the vernal equinox is used as a reference point to mark the sidereal day, the sidereal time for any point at any instant is the hours, minutes, and seconds that have elapsed since the vernal equinox last passed the meridian of that point.
 Time Comparison
 In general, it can be stated that observations on the sun involve apparent solar time, whereas observations on the stars are based on sidereal time. The computations using either apparent solar time or sidereal time are similar, yet they do nothing more than fix the locations of both the celestial body and the observer in relation to the Greenwich meridian. Once a precise relationship has been established, it is a simple matter to complete the determination of azimuth to the celestial body.

Page 182
						

MCI Course 0813C 5-18 Study Unit 5, Lesson 1 Exercise
 Lesson 1 Exercise
 Directions Complete exercise items 1 through 3 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The earth is at the center of the universe and everything else rotates on the
 surface of a sphere known as the ____________, which is one assumption made in artillery astronomy. a. infinite radius b. celestial equator c. celestial sphere d. great circle
 Item 2 ____________ is the interior angle formed at the pole by the intersection of
 the polar distance and the colatitude side. a. Angle T b. Zenith angle c. Parallectic angle d. Azimuth angle
 Item 3 Although there are many time zones that divide the world, the artillery
 surveyor uses _________________ to escape the problem of having to compile data for them all. a. RTZ b. GMT c. LMT d. MTZ
 Continued on next page
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 Lesson 1 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answers Reference Page 1 c 5-7 2 a 5-12 3 b 5-17
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 LESSON 2
 ARTILLERY ASTRONOMIC OBSERVATION (SUN)
 Introduction
 Scope This lesson will introduce you to the technique of observing the sun to
 acquire an accurate azimuth.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the purpose of astronomic observation. • Determine the best time to conduct an artillery astronomic observation
 (arty astro) with the sun. • Identify the safety requirement when conducting and arty astro with the
 sun. • Identify the procedures required to compute the arty astro with the R-
 PDA.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 5-21 Purpose of Astronomic Observations 5-22 Field Requirements for Astronomic Observation 5-23 Artillery Astro 5-28 Hasty Astro 5-37 Lesson 2 Exercise 5-42
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 Purpose of Astronomic Observations
 Purpose Artillery astronomic (arty astro) observations are used in artillery survey for,
 but are not limited to, the following: • Determining or checking a starting and or closing azimuth for a
 conventional survey. • Checking the azimuth of any line in a survey. • Providing orienting azimuths for firing units, radars and observation posts
 (Op). • Determining azimuths for the declination of aiming circles.
 Methods There are three basic methods the artillery surveyor can use to determine
 azimuth by astro observations: • Altitude method • Artillery astro observation • Polaris tabular method All three methods require a horizontal angle from an azimuth mark to the observed body to create the azimuth on the ground. This lesson will focus on the artillery astronomic (arty astro) observation method.
 Arty Astro In the arty astro method, the azimuth angle is determined from two sides and the
 included angle. The sides are the polar distance and the colatitude, with the angle at P being the angle T. The value of the local hour angle is computed by using the time of observation and is then used to compute angle T.
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 Field Requirements for Astronomic Observation
 Requirements When preparing to observe the sun for an arty astro, you must ensure that the
 instrument is perfectly level. An appreciable error, which cannot be eliminated by a direct and reverse pointing, is introduced into the measurement of a horizontal angle between two objects of considerable difference in elevation if the vertical axis of the instrument is not vertical. A set of astro observations consists of horizontal angles measured one position and vertical angles measured by one direct and one reverse pointing.
 Field Data For arty astro observations, you must have the following data:
 • Universal Transverse Mercator (UTM) coordinates map spotted to within
 150 meters. • Horizontal reading from the desired azimuth mark to the celestial body. • Date of observation (manual input or R-PDA time module). • Time of observation accurate to 1 second.
 Marking Stations
 When preparing to conduct the survey, you will mark the station in the same manner as with a traverse. The information placed on the tag attached to the hub will be determined by unit standard operating procedure. The data should not include any information that can assist enemy intelligence collections efforts. The tag should include the name of the station and the date established. Ensure that you have a chemlight attached to the stake at the Orienting Station (OS) as well as the End of Orienting Line (EOL) to allow the firing battery to find the stations as quickly as possible.
 Observation Times
 For the sun to be suitable for use with the arty astro method, it should not be observed within 1 hour of the local apparent time of the observer’s meridian (apparent noon time). This is because there is no valid solution when angle T is less than 15º (1 hour).
 Accurate Time As stated earlier, accurate time to 1 second is essential when conducting an
 arty astro mission. You can obtain accurate time with Precision Lightweight Global Positioning System Receiver (PLGR). Also, the time module in the R-PDA will keep accurate time within tenths of a second until battery life expires.
 Continued on next page
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 Field Requirements for Astronomic Observation, Continued
 Pointing and Tracking the Sun
 When observing the sun, the observer uses the steps in the following table to complete the three measurements required in an arty astro:
 Step Action
 1 With the telescope in the direct position, sight in on the azimuth mark to which the direction is desired.
 2 Place the initial circle setting on the scales and record in the recorder’s notebook.
 3 Instrument operator places the sun filter on the telescope and turns to the sun. The sun must never be viewed through the telescope without the sun filter. WARNING: You will burn your eye if you fail to use the filter.
 4 Observe the sun for a moment to determine the path and rate of movement before tracking is announced. Note: The preferred method of tracking the sun in the telescope is
 using the leading or trailing edge of the sun. 5 The instrument operator begins tracking the sun and announces
 “tracking” until the sun appears in the center of the reticle. Then the operator announces, “Tip.” The time is immediately noted and recorded in the recorder’s notebook.
 6 The instrument operator reads the horizontal circle reading to the recorder and waits for the recorder to read it back for verification. Three direct readings are taken and recorded in this same manner.
 7 After the third reading, the instrument operator plunges the scope and takes three reverse readings using the same procedures. Note: The three reverse readings are required for fourth order
 azimuths only.
 Continued on next page
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 Field Requirements for Astronomic Observation, Continued
 Recording the Arty Astro
 As with conducting a traverse, the field artillery surveyor must be capable of recording the arty astro in the field notebook. The procedures for recording are listed in the table below:
 Block Function
 Designation Enter ARTY ASTRO with SUN or STAR in parenthesis.
 DATE Fill in the date fieldwork was performed. HEADING Fill in the heading of the right side of the page the same
 as traverse. STATION Identify the stations you used for the observation. This
 will be the same as conducting a traverse except the forward station will be either the sun or a star. The rear station (AzMk) name will be recorded in the direct (D) mode row directly below the STA column title. Skip one line and record the occupied station name. Skip one line and record the forward station (celestial body). If the celestial body is a star, record the name.
 T Identify the telescope position as you did a traverse. TIME Record the exact time your instrument operator (IO)
 announces, “TIP” during the observations. TIME is split between the top of the two columns. Hours (h) are listed in the lower left corner of column 3, minutes (m) centered between the columns, and seconds (s) in the lower right corner of column 4. When recording the time, you record the seconds first, then minutes, and hours.
 HORZ The next column is where you will record the horizontal readings to the azimuth mark and to the celestial body. You record the entire number and read back to the IO for verification.
 Continued on next page
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 Field Requirements for Astronomic Observation, Continued
 Recording the Arty Astro, continued
 Block Function
 REMARKS Use this part of the page to record information pertinent to the observations. Some required entries are: • Easting and Northing of the occupied station • UTM grid zone • Horizontal datum/ellipsoid, time zone • Source of the position information • Observation method used; Center, leading, or trailing
 edge if using the sun. • Sketch
 Optional Remarks
 Optional remarks will be recorded in the same location as required remarks. Some optional remarks are: • Location of rear station • Route to location from a known point • Weather phenomena not covered in header
 information.
 Recording Example
 The illustration below shows the left side of a fifth order artillery astro recorded in the field notebook:
 Continued on next page
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 Field Requirements for Astronomic Observation, Continued
 Example The illustration below shows the right side of the field record notebook with
 sketch and remarks:
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 Artillery Astro
 R-PDA Computations
 Once you have completed the fieldwork for your astronomic observation, you are now ready to perform computations. The steps in the table below show you how to compute the artillery astro using the R-PDA.
 Step Action Result
 1 Select “Arty Astro” from the menu.
 Arty Astro Page 1 window displays.
 2 Enter the name of the occupied station in the “STA Name” field.
 3 Select the in the “Ellipsoid” field, then select one of the following codes for the area of operation: 1 - Clark 1866 2 - International 3 - Clark 1880 4 - Everest 5 - Bessel 6 - Australian 7 - WGS 72 8 - GRS 80 9 - WGS 84 (Default)
 4 Enter the UTM Easting of the observer’s station in the “East” field.
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 Step Action Result 5 Enter the UTM Northing of the
 observer’s station in the “North” field.
 6 Select the for the “lat” field, then select the Northern or Southern Hemisphere: North (default) South
 7 Enter the UTM grid zone in the “Gridzone” field.
 8 Select Page 2 at the bottom of the window.
 Arty Astro Page 2 window appears.
 9 Select the in the “Order” field, then select one of the following: • 4th Order • 5th Order (default)
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 Step Action Result 10 Select the in the “Star” field, then select
 the number of the star selected for observation.
 • 0 - Sun (Default) • 1 - *ALPHERATZ* • 2 - CAPH • 3 - BETH HYDRI • 4 - ANKAA • 5 - SCHEDAR • 6 - DIPHDA • 7 - GAMMA
 CASSIOPEIA • 8 - RUCHBAH • 9 - ACHERNAR • 10 - *POLARIS* • 11 - HAMAL • 12 - ACAMAR • 13 - MENKAR • 14 - MIRFAK • 15 - *ALDEBARAN* • 16 - RIGEL • 17 - CAPELLA • 18 - BELLATRIZ • 19 - ELNATH • 20 - ALNILAM • 21 - ALNITAK • 22 - BETELGEUSE • 23 - CANOPUS • 24 - ALHENA • 25 - *SIRIUS*
 • 26 - ADHARA • 27 - WEZEN • 28 - CASTOR • 29 - PROCYON • 30 - POLLUX • 31 - GAMMA VELORUM • 32 - AVIOR • 33 - SUHAIL • 34 - MIAPLACIDUS • 35 - ALPHARD • 36 - *REGULUS* • 37 - MERAK • 38 - DUBHE • 39 - DENEBOLA • 40 - PHECDA • 41 - GIENAH • 42 - *ACRUX* • 43 - GACRUX • 44 - MIMOSA • 45 - ALIOTH • 46 - MIZAR • 47 - SPICA • 48 - ALKAID • 49 - HADAR • 50 - MENKENT • 51 - ARCTURUS
 • 52 - RIGIL KENTAURUS • 53 - ZEBENELGENUBI • 54 - *KOCHAB* • 55 - ALPHECCA • 56 - DSCHUBBA • 57 - ANTARES* • 58 - ATRIA • 59 - SABIX • 60 - CAULA • 61 - RASALHAGUE • 62 - ELTANIN • 63 - KAUS AUSTRALIS • 64 - VEGA • 65 - NUNKI • 66 - *ALTAIR* • 67 - PEACOCK • 68 - DENEB • 69 - NU • 70 - ENIF • 71 - AL NA’IR • 72 - FOMALHAUT • 73 - MARKAB
 Note: The selection of the sun or a star in the step above determines if the
 computation is Artillery Astro (Sun) or Artillery Astro (Star).
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 Step Action Result 11 Select the in the “Time Zone” field,
 then select one of the following.
 • M (-12) • L (-11) • K (-10) • I (-9) • H (-8) • G (-7) • F (-6) • E (-5) • D (-4) • C (-3) • B (-2) • A (-1)
 • Z (0 - GMT) (Default)
 • N (+1) • O (+2) • P (+3) • Q (+4) • R (+5) • S (+6) • T (+7) • U (+8) • V (+9) • W (+10) • X (+11) • Y (+12)
 12 Select the in the “DayLtSavTime” field, then select one of the following options: Yes No (Default) Note: Enter Yes if the local time includes a daylight savings time correction: otherwise, enter No.
 13 Enter the direct reading of the azimuth mark in the “Rdg Azmk” field.
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 14
 Select Page 3 at the bottom of window.
 Arty Astro Page 3 window appears.
 15 Select the in the “Obs Date” field (Default is current system date).
 Calendar screen appears.
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 16 Select the desired date. Calendar screen disappears and
 date entered into field. 17 Enter the local time of
 observation for the tip in the “Obs Time” field. Select the Now button to enter the current system time.
 18 Select the in the “T/L/C” field, then select wheat part of the star was observed for at the TIP.
 * Trailing Edge * Leading Edge * Center (Default)
 19 Enter the direct horizontal reading in the “Hz Rdg” field.
 20 Select the calc button.
 Summary of calculation.
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 21 Select the Next button, then repeat
 steps 15-19 to input Set 2.
 22 Select the Calc button.
 Note: The Output for set 1, and set 2 will consist of the following:
 • Reject – Lists the accuracy requirement in mils and list which sets are rejected.
 • Set 1 Azimuth: Grid Azimuth for first set.
 • Set 2 Azimuth: Grid Azimuth for second set.
 • Mean Grid Azimuth: Display of the mean grid azimuth if at least two acceptable sets.
 Summary of calculation.
 23 Select the Next Button and repeat steps 15 through 19 to input Set 3.
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 Step Action Result 24 Select the Calc button.
 Summary of calculation.
 Note: The Output for the Set 1, 2, and 3 will consist of the following:
 • Reject- List the accuracy requirement in mils and list which sets are rejected.
 • Set 1 Azimuth: Grid Azimuth for the first set.
 • Set 2 Azimuth: Grid Azimuth for the second set.
 • Set 3 Azimuth: Grid Azimuth for the third set.
 • Mean Grid Azimuth: Display the mean grid azimuth of at least two acceptable sets.
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 Step Action Result 25 To exit, select the in the upper
 right hand corner of the window.
 The archive screen appears.
 26 Select one of the following buttons: Yes: Archive function information and exit. No: Exit without saving information.
 Menu window appears.
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 Hasty Astro
 R-PDA Computation
 This function computes a grid azimuth and check angle from observations of the sun or a survey star. The accuracy of the computation depends on the instrument used to perform the observation. The program provides the option of using the internal timer to determine date and time of observation or manually inputting date and time. The steps in the table below show you how to compute the Hasty Astro using the R-PDA.
 Step Action Result 1 Select, from the menu “Hasty
 Astro.”
 Hasty Astro Page 1 window appears.
 2 Enter the name of the occupied station in the “STA Name” field.
 3 Select the in the “Ellipsoid” field, then select one of the following codes for the area of operation: 1 - Clark 1866 2 - International 3 - Clark 1880 4 - Everest 5 - Bessel 6 - Australian 7 - WGS 72 8 - GRS 80
 Continued on next page
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 Hasty Astro, Continued
 R-PDA Computations (continued)
 Step Action Result
 4 Enter the UTM Easting of the observer’s station in the “East” field.
 5 Enter the UTM Northing of the observer’s station in the “North” field.
 6 Select the for the “lat” field, then select the Northern or Southern Hemisphere: North (default) South
 7 Enter the UTM grid zone in the “Gridzone” field
 8 Select Page 2 at the bottom of the window.
 Hasty Astro Page 2 window appears.
 9 Select the in the “Star” field, then select the number of the star selected for observation.
 10 Select the in the “Time Zone” field, then select the time zone.
 11 Select the in the “DayLtSavTime” field and select one of the following options: Yes No (Default) Note: Enter Yes if the local time includes a daylight savings time correction: otherwise, enter No.
 Continued on next page
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 Hasty Astro, Continued
 R-PDA Computations, continued
 Continued on next page
 Step Action Result 12 Select the in the “Obs Date”
 field (Default is current system date).
 Calendar screen appears.
 13 Select the desired date. Calendar screen disappears and the date entered into field.
 14 Select Page 3 at the bottom of window.
 Hasty Astro Page 3 window appears
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 Artillery Astro, Continued
 R-PDA Computations, continued
 Step Action Result 15 Enter the local time of
 observation for the tip in the “Obs Time” field. Select the Now button to enter the current system time.
 16 Select the in the “T/L/C” field and select wheat part of the star was observed for at the TIP.
 • Trailing Edge • Leading Edge • Center (Default)
 17 Enter the local time of observation for the second TIP in the.
 18 Select IN THE “Ck T?L?C” field, then select what part of the star was observed for the second TIP.
 • Trailing Edge • Leading Edge • Center (Default)
 Continued on next page
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 Artillery Astro, Continued
 R-PDA Computations, continued
 19 Select the Calc button.
 Summary of calculations appears.
 Note: Entering an incompatible Longitude and Northing combination will result in the following warning message: WARNING: Please check values and recomputed. Note: The Output will consist of the following:
 • Azimuth • Check Angle
 20 To exit, select the in the upper right hand corner of the window.
 The archive window appears.
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 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 One purpose of conducting an artillery astro is to
 a. check the line of sight for the enemy’s guns. b. provide orienting azimuths for firing units. c. keep the instrument operator focused on the sun. d. record the angle T from the observer to the sun.
 Item 2 When conducting an astronomic observation, it is essential that time is
 accurate to _______ second/s. a. 1 b. 10 c. 30 d. 60
 Item 3 To prevent injury to your eyes, you must ___________________ when
 conducting observations with the sun. a. wear night vision goggles b. observe the stars only c. use sunscreen d. use the sun filter
 Continued on next page
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 Lesson 2 Exercise, Continued
 Item 4 Once you have completed the computations with the R-PDA, you will find
 the mean grid azimuth in the ____________ field. a. Output b. Input c. T/L/C d. Hz Rdg
 Continued on next page
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 Lesson 2 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answers Reference Page 1 b 5-21 2 a 5-22 3 d 5-23 4 a 5-35
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 LESSON 3
 ARTILLERY ASTRONOMIC OBSERVATION (STAR)
 Introduction
 Scope This lesson will introduce you to the technique of observing the stars to
 acquire an accurate azimuth.
 Learning Objectives
 After completing this lesson, you should be able to • Determine the advantage of using stars rather than the sun for artillery
 astro. • Identify the best time to observe Polaris for an artillery astro. • Given a constellation and a list of stars, determine which star is a survey
 star in that constellation. • Given a star list, identify the star identification number for survey stars.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 5-45 Star Selection and Identification 5-46 R-PDA Computations for Astronomic Observations 5-49 Lesson 3 Exercise 5-50
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 Star Selection and Identification
 Advantages There are several advantages to using stars rather than the sun for computing
 an azimuth. Since stars appear as small pinpoint light in the telescope of your theodolite, they are easier than the sun to track. At least one of the 73 survey stars can be found in a satisfactory position regardless of time of night or the observer’s latitude.
 North Star The North Star (Polaris) should always be used to conduct the observation
 when visible. Polaris is the most desirable source of astro azimuth because it is easily identifiable and its slow apparent counterclockwise orbit about the celestial North Pole makes it easy to track. It is also the brightest star in the constellation Ursa Minor (Little Dipper). It is the end star of the handle of the Little Dipper. Best tracking results are obtained when it is above 175 mils in altitude to minimize the effects of refraction. The illustration below shows the “pointer stars” of the Big Dipper (Ursa Major) pointing the way to Polaris in Ursa Minor (Little Dipper).
 Continued on next page
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 Star Selection and Identification, Continued
 Locating Stars The star charts are used for selecting stars for artillery astro observation. The
 easiest way to locate and identify stars is to be familiar with constellations. Since stars are fixed in definite points in the sky with relation to each other, the relative position of stars has remained the same for many centuries. Over the years, stargazers found that some of the groups of stars formed shapes of creatures or heroes of their myths and folklore. Later, people formed the shapes of household instruments with other groups of stars. People began naming the shapes and they became known as constellations. Stars were then identified by name with their constellation. For survey purposes, the stars have been numbered and placed on star cards. Each star card has the name of each constellation and the name of the survey stars within the group. The star cards can be found in appendix A in the back of this book.
 Magnitude The brightness of stars is measured in magnitude. The brightest being labeled
 as first magnitude, the second brightest are second magnitude and so forth. The table below shows the symbol and the star magnification it represents.
 Symbol Magnification
 First Magnitude Second Magnitude n Third Magnitude ⊕ Second or Third Magnitude
 + Fourth Magnitude
 ● Fifth Magnitude
 Continued on next page
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 Star Selection and Identification, Continued
 Star List The table below lists the star names in alphabetical order, their number, and
 magnification:
 Name No Mag Name No Mag Name No Mag Acamar 12 3.4 Caph 2 2.4 Mirfak 14 1.9 Achernar 9 0.5 Castor 28 1.5 Mizar 46 2.4 Acrux 42 1.0 Deneb 68 1.3 Nunki 65 2.1 Adhara 26 1.6 Denebola 39 2.2 Nu 69 3.7 Aldebaron 15 1.1 Diphda 6 2.2 Peacock 67 2.1 Alhena 24 1.9 Dschubba 56 2.5 Phecda 40 2.5 Alioth 45 1.7 Dubhe 38 1.9 Polaris 10 2.1 Alkaid 48 1.9 Elnath 19 1.8 Pollux 30 1.2 Al Na’ir 71 2.2 Eltanin 62 2.4 Procyon 29 0.5 Alnilam 20 1.7 Enif 70 2.5 Rasalhague 51 2.1 Alnitak 21 2.0 Formalhaut 72 1.3 Regulis 36 1.3 Alphard 35 2.2 Gacrux 43 1.6 Rigel 16 0.3 Alphecca 55 2.3 Gamma
 Cassiopeiae 7 1.6-
 2.8 Rigel Kentarus 52 0.1
 Alpheratz 1 2.1 Gamma Velorum
 31 1.9 Ruchbuh 8 2.8
 Altair 66 0.9 Gienah 41 2.8 Sabik 59 2.6 Ankaa 4 2.4 Hadar 49 0.8 Scaula 60 1.7 Antares 57 1.2 Hamal 11 2.2 Schedar 5 2.3 Arcturus 51 0.2 Kaus Australis 63 1.9 Sirius 25 -1.6 Atria 58 1.9 Kochab 54 2.2 Spica 47 1.2 Avior 32 1.7 Markab 73 2.6 Suhail 33 2.2 Bellatrix 18 1.7 Menkar 13 2.8 Vega 64 0.1 Beta Hydrus 3 2.9 Menkent 50 2.3 Wezen 27 2.0 Betelgeuse 22 0.1 Mepak 37 2.4 Zebenelgenubi 53 2.9 Canopus 23 -0.9 Misplacidus 34 1.8 Capella 17 0.2 Mimosa 44 1.5
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 R-PDA Computations for Astronomic Observations
 Computations The computations and requirements for completing an arty astro with a star
 are the same as computations for an arty astro with the sun. The only difference is you will enter the actual star number instead of the number 0 for the sun.
 Recording Record the arty astro with a star in the field recorders notebook the same way
 you recorded when using the sun. In the block where the sun was recorded as the forward position, write the name of the star used for the observation.
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 Lesson 3 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 What is an advantage of using stars rather than the sun for an arty astro?
 a. Stars are easier to track than the sun. b. Sun is easier to track than stars. c. Stars move faster in the theodolite. d. Stars will not hurt your eyes.
 Item 2 The best time to observe Polaris for an artillery astro would be
 a. just above the horizon. b. below 175 mils. c. midnight. d. above 175 mils.
 Item 3 Use the star cards in appendix A to complete item 3.
 If you were to conduct an arty astro observation with a survey star in the constellation Bootes, you would use __________ as the survey star. a. Sirius b. Deneb c. Eltanin d. Arcturus
 Item 4 Use the star list on page 5-48 to complete item 4.
 Your survey officer has directed you to conduct an arty astro at night. You use Polaris as your survey star and need to enter the star number in the R-PDA. What star number would you enter? a. 2.1 b. 10 c. 11 d. 57
 Continued on next page
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 Lesson 3 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answers Reference Page 1 a 5-46 2 d 5-46 3 d A-3 4 b 5-48
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 STUDY UNIT 6
 IMPROVED POSITION AND AZIMUTH DETERMINING SYSTEM (IPADS)
 Overview
 Scope The Improved Position and Azimuth Determining System (IPADS) uses state
 of the art technology, allowing you to accomplish your mission in a fraction of the time required by conventional survey. This study unit will introduce you to the IPADS, its components, and the procedures required to conduct survey operations with it.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 IPADS Components 6-3 IPADS Installation in the M998, High Mobility Multi-Purpose Wheeled Vehicle (HMMWV)
 6-11
 IPADS Operations 6-17
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 LESSON 1
 IPADS COMPONENTS
 Introduction
 Scope This lesson will introduce you to the IPADS and the components that make
 up the unit.
 Learning Objectives
 After completing this lesson, you should be able to − Identify the components that make up the IPADS. − Identify the purpose of each IPADS component. − Identify the characteristics and performance data of the IPADS.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 6-3 Primary IPADS Components 6-4 Operational Characteristics and Performance 6-8 Lesson 1 Exercise 6-9
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 Description The IPADS is a self-contained inertial surveying system capable of rapidly
 determining accurate position, altitude, and azimuth. It also provides an extremely accurate navigational aid, which can be used in ground operations when mounted in the High Mobility Multi-purpose Wheeled Vehicle (HMMWV), or the Small Unit Support Vehicle (SUSV). The main purpose of the IPADS is to provide common grid for field artillery weapon systems and target acquisition assets.
 Control and Display Unit (CDU)
 The CDU is the operator’s direct interface with the IPADS. It is an IBM compatible Ruggedized Handheld Computer with a Pentium III, 500 MHz processor, 30 GB hard disk, and 6.4” LCD display screen with a total weight of 7 pounds. The CDU allows the operator the ability to input, delete, or modify parameters used in the survey operation. The display is used for point lists, digital map display, current location, and all survey applications. Some characteristics of the CDU: − Input/output device for the IPADS. − Data display that shows you the computed survey data and system
 commands. − Keyboard for you to enter data. The illustration below shows the keyboard and data display of the CDU.
 Continued on next page
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 Primary IPADS Components, Continued
 Compact Position and Navigation Unit (CPNU)
 The CPNU is the core component of the IPADS. It contains three gyroscopes and three accelerometer sensors. The gyroscopes determine accurate azimuth while the accelerometers measure distance traveled in each coordinate axis, north/south, east/west, and vertical (up or down). The table below lists the parts and functions of the CPNU.
 Part Function
 Accelerometer − Measures acceleration − One measures north-south movement − One measures east-west movement − One measures vertical direction
 Gyroscope − Spinning wheel that maintains a fixed orientation in space.
 − Acts as gyrocompass that finds true north by sensing earth’s rotation.
 − One gyroscope orients to true north and the other aligns horizontal and perpendicular to the spin of the other gyroscope. This allows the IPADS to provide a three-dimensional reference point to the accelerometer.
 The illustration below shows the CPNU of the IPADS.
 Continued on next page
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 Primary IPADS Components, Continued
 Battery Charger Unit (BCU)
 The BCU receives unregulated power from the vehicle batteries and provides regulated power to each component of the IPADS system. It also contains a back-up battery that will provide up to 15 minutes of uninterrupted power to the IPADS. The BCU allows you to transfer components without restarting the survey operation. The BCU contains the on/off switches and power indicator lights. The following illustration shows the BCU of the IPADS.
 Porro Prism Assembly (PPA)
 The PPA is used when survey control points are not accessible to the survey vehicle. The PPA consists of a mirror with graduations, and is used for auto reflection with the T-2 Theodolite from distances up to 24 meters. It is attached to the CPNU and can be seen from the rear of the vehicle, or door, depending on the configuration of the host vehicle. This PPA is also used to establish declination stations when necessary. The following illustration shows the PPA of the IPADS.
 Continued on next page
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 Primary IPADS Components, Continued
 Electrical Wiring Harness
 Three cables power the IPADS: the CDU wiring harness, and two vehicle cables. One vehicle cable is used to receive power directly from the vehicle battery, and the other vehicle cable can be connected to the NATO slave receptacle. The following illustration shows the Electrical Wiring Harness for the IPADS.
 Continued on next page
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 Data The table below lists the operational characteristics and performance data of
 the IPADS. You must consider this data every time you perform survey operations with IPADS.
 Characteristics Performance Data
 Ambient temperature limits: − Operation − Storage
 -46° to + 52°C (-50° to + 125°F) -46° to + 71°C (-50° to +160°F) Temperatures below -40°C will cause permanent damage to the CDU
 Warm-up, initialization, and alignment time
 10 minutes, increasing to: 15 minutes below -20°C (-5°F) 20 minutes in latitudes greater than 65N or S and temp above -20°C (-5°F) 25 minutes in latitudes greater than 65N or S and temp below -20°C (-5°F)
 Power requirements: − Steady state load − Transient (warm-up)
 load
 961 watts (40.0 amp at 24 volts DC) 2,338 watts (97.4 amp at 24 volts DC)
 Survey Accuracy w/5-Minute ZUPT: − Horizontal position
 error − Vertical position error − Azimuth error
 4.0 meters circular error probability (CEP) 2.0 meters probable error (PE) 0.4 mil PE between 65° -65° North or South Lat or 0.6 mil PE between 65° -75° North or South Lat
 Survey Accuracy w/ 10-Minute ZUPT: − Horizontal position
 error − Vertical position error − Azimuth error
 7.0 meters circular error probability (CEP) 3.0 meters probable error (PE) 0.4 mil PE between 65° -65° North or South Lat or 0.6 mil PE between 65° -75° North or South Lat
 Latitude limits +75° to -75° Survey area 75 km radius of initialization point or subsequent
 update point
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 Lesson 1 Exercise
 Directions Complete exercise items 1 through 9 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 Through Item 5
 Matching: For items 1 through 5, match the component of the PADS in column 1 to its purpose listed in column 2. Place your answer in the spaces provided. Column 1 Column 2 Components Purpose ___1. CDU a. Provides regulated power ___2. BCU b. Operator’s interface to IPADS ___3. CPNU c. Determines azimuth ___4. Porro Prism d. Powers the IPADS ___5. Electrical Wiring Harness e. Used for auto reflection
 Item 6 Through Item 9
 Matching: For items 6 through 9, match the characteristics of the IPADS in column 1 to the performance data listed in column 2. Place your answer in the spaces provided. Column 1 Column 2 Characteristics Performance Data ___6. Operational temperature limit a. 15 minutes below -20° C (-5°F) ___7. Warm-up time b. Circle radius of 75km from ___8. Survey Area initial or last update point ___9. Survey Accuracy c. 7.0 meters circular error probability w/10-minute ZUPT d. -46° to + 52°C e. Circle radius of 55km
 Continued on next page
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 Lesson 1 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 b 6-4 2 a 6-6 3 c 6-5 4 e 6-6 5 d 6-7 6 d 6-8 7 a 6-8 8 b 6-8 9 c 6-8
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 LESSON 2
 IPADS INSTALLATION IN THE M1152, HIGH MOBILITY MULTI-PURPOSE WHEELED VEHICLE (HMMWV)
 Introduction
 Scope This lesson will introduce you to the vehicles in which the IPADS can be
 operated in and to the procedures required to mount the IPADS in a HMMWV.
 Learning Objectives
 After completing this lesson, you should be able to − Identify the vehicles used with the IPADS to conduct survey operations. − Identify the procedures for the IPADS installation.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 6-11 IPADS Configurations 6-12 IPADS Installation 6-13 Lesson 2 Exercise 6-15
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 Transportation Operations
 As a field artillery surveyor, you have several platform options available to transport and operate IPADS. The Small Unit Support Vehicle (SUSV) is used in extreme cold weather environments such as Bridgeport, CA and in Norway. The tactical vehicle surveyor’s use most often with the IPADS is the High Mobility Multi-purpose Wheeled Vehicle (HMMWV). This lesson will focus on operating the IPADS with the HMMWV.
 Helicopter Operations
 The IPADS does have the ability to be mounted and operated from the UH-60 helicopter. The instructions to mount the IPADS in the UH-60 can be found in the technical manual.
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 IPADS Installation
 Floor Plate Installation
 The first step in installation of the IPADS into the HMMWV is to install the floor plate. To do this, follow the steps in the table below:
 Step Action
 1 Align the three mounting holes in the floor plate with the preexisting holes in the floor between the front seats of the vehicle.
 2 Secure the floor plate with three ½-inch x 3-inch mounting bolts. The bolts are kept in the IPADS storage compartments.
 3 Place the alignment bracket along the left side of the floor plate and line up the two mounting holes and secure with the two T-handle bolts.
 4 Secure the CDU support arm to the front of the floor plate using four 3/8-inch x 1-½ inch mounting bolts and washer.
 5 Place the IPADS frame against the alignment bracket with the Porro Prism facing the rear of the vehicle.
 6 Attach the two mounting clamps on the side opposite the alignment bracket using the T-bolts provided.
 Illustration The illustration below shows the proper location of the mounting bolts for the
 IPADS floor plate.
 Continued on next page
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 IPADS Installation, Continued
 CDU Installation
 Once the IPADS frame is mounted in the vehicle, connect the CDU mounting plate and assembly. Attach the CDU mounting plate and linkage to the CDU support arm and attach the CDU to the bracket assembly using the two locking clips on the CDU plate.
 Power Cable Connections
 Once all components of the IPADS are connected to the frame and in the vehicle, connect the W-116 power cable and W-114 wiring harness. Follow the steps in the table below to connect the cables:
 Step Action
 1 Connect main power cable to the terminals on the vehicle battery. 2 Attach the opposite end to the BCU connector by aligning the
 keyways on the cable end with the gaps on the mating connection and turn the collar clockwise.
 3 Connect the main end of the wiring harness to the BCU power output connection.
 4 Connect the other ends to each component of the IPADS.
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 Lesson 2 Exercise
 Directions Complete exercise items 1 and 2 by performing the action required. Check
 your answers against those listed at the end of this lesson.
 Item 1 The airframe that can be used to mount the IPADS in is the
 a. CH-53 Echo. b. OV-10 Bronco. c. MV22 Osprey. d. UH-60.
 Item 2 The base plate is secured with the three
 a. ½-inch x 3-inch mounting bolts. b. inch T-handle bolts. c. 3/8-inch mounting bolts. d. T-handles from in the IPADS storage compartment.
 Continued on next page
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 Lesson 2 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 d 6-12 2 a 6-13
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 LESSON 3
 IPADS OPERATIONS
 Introduction
 Scope This lesson will introduce you to the procedures required to conduct survey
 operations with the IPADS.
 Learning Objectives
 After completing this lesson, you should be able to − Identify the two types of IPADS initialization procedures. − Identify the procedures required to update the IPADS. − Identify the procedures required to adjust a survey. − Identify the filters where each point is stored in the IPADS database.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 6-17 IPADS Initialization 6-18 Update and Marking Procedures 6-26 Adjusting a Survey 6-31 Database Management 6-33 Lesson 3 Exercise 6-35
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 IPADS Initialization
 Pre-Operation Checks
 Before you can conduct survey operations with the IPADS, you must first conduct pre-operation checks. The table below lists the pre-operations checks for the IPADS:
 Step Action
 1 Check to ensure baseplate is securely fastened. 2 Check IPADS BCU to ensure battery pack is charged to 80%. 3 Check to ensure all cables are securely connected. 4 Check to ensure flashlight batteries and light are serviceable. 5 Clean porro prism. 6 Ensure the vehicle alternator gauge is showing green.
 Start-Up/ Procedures
 The table below lists the start-up procedures for the IPADS.
 Step Action
 1 Turn CDU power switch to “ON”. 2 Turn BCU power input switch to “ON”. 3 Turn BCU power output to “ON”.
 Shutdown Procedures
 The table below lists the steps to shutdown the IPADS:
 Step Action
 1 Press F9 to exit all pages until MENU is displayed. The function key line shows F9-SHUT DN.
 2 Press F9. PRESS Y TO CONFIRM SHUTDOWN OR OTHER TO CANCEL is displayed.
 3 Press Y. Observe that IPADS software closes and windows performs an orderly shutdown.
 4 When IT IS NOW SAFE TO SHUTDOWN is displayed, leave the CDU power switch in ON position and set the BCU POWER OUTPUT switch to OFF.
 5 Set the BCU POWER INPUT switch to OFF. IPADS is powered off.
 Continued on next page
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 IPADS Initialization, Continued
 Display Technical Manual
 When the function key line shows F1-MANUAL, the technical manual (TM 11039A-12&P Operator and Unit Maintenance Manual for IPADS) can be displayed by pressing F1. The technical manual may be searched using search features of Adobe Acrobat Reader. Close the reader to return to IPADS software. The illustration below shows the F1 key on the CDU keyboard:
 IPADS Status Display
 When the function key line shows F8-STATUS, the status page can be displayed by pressing F8. A message flashes and an audible alarm sounds when a condition requiring immediate attention occurs. STATUS page shows CDU and CPNU software version, CPNU BIT status and any error or warning messages. Press F9 to exit STATUS. The illustration below shows the IPADS status display:
 Continued on next page
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 IPADS Initialization, Continued
 Brightness Settings and Alarms
 The IPADS will allow you to set the CDU display brightness and keyboard lighting for ambient light conditions or blackout operations as required. The IPADS also allows you to set the volume for both audible and test alarms. The steps to perform both tasks can be found in the TM on page 3-15 and 3-16.
 DATA Configuration
 IPADS must be configured for the type of mission you are performing. Normal operation mode or emulator for training, vehicle type, survey order, ellipsoid and datum, display settings, grid zone, and date and time are all items to be considered when configuring the IPADS. IPADS is configured from MENU. Perform the following steps to configure IPADS for normal operations.
 Step Action
 1 Scroll to OPERATION MODE on the MENU and press ENTER. (PRESS F1 FOR NORMAL OPERATIONS is displayed).
 2 Press F1 (PRESS Y TO SWITCH TO NORMAL MODE/RESTART CDU is displayed). Press Y. This will confirm normal operation. The CDU software will shut down and restart in normal operation mode.
 Vehicle Type IPADS must be configured for the host vehicle to accurately reference the
 position of the plumb bob. To configure the IPADS software for the host vehicle perform the following steps in the table below:
 Step Action
 1 In MENU, scroll to VEHICLE TYPE and press ENTER. The function key line shows F1-M998, F2-M1123, F3-M973, F4-UH-60 and F5-OTHER.
 2 Press the function key corresponding to the host vehicle. 3 If a standard vehicle was selected, MENU is displayed with
 selected vehicle shown on the mode line. 4 If OTHER was selected, unique vehicle parameters are displayed
 with the function key legend F9-EXIT. If the parameters are correct, press F9. MENU is displayed with OTHER on mode line.
 Continued on next page
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 IPADS Initialization, Continued
 Survey Order IPADS supports two orders of survey: fourth order using 5-minute intervals
 between ZUPTs, and fifth order using 10-minute intervals between ZUPTs. Perform the following steps to change the survey order: Note: ZUPTs are explained on page 6-29 of this study unit.
 Step Action
 1 Scroll to SURVEY ORDER on MENU and press ENTER. The function key line will display F1-4th, and F2-5th.
 2 Press the function key corresponding to the mission survey order (4th for Regiment, 5th for battalion). MENU is displayed with the selected survey order shown on the mode line.
 Ellipsoid and Datum
 The earth is literally flattened at its poles and bulging at the equator. Consequently, the curvature of the earth varies from one point on the globe to another. You must enter the correct ellipsoid to properly account for the earth’s curvature. A datum is any numerical or geometric set of quantities specifying the reference coordinate system used for geodetic control in the calculation of coordinates of points on the earth. Perform the following steps to set a predefined ellipsoid and datum:
 Step Action
 1 Scroll to ELLIPSOID/DATUM on MENU and press ENTER. ELLIPSOID & DATUM page is displayed showing the current ellipsoid and datum parameters. The Cursor box is on the ELLIP field. The function key line shows F3-FLAT, F4-MINOR, and F9- EXIT.
 2 Press ENTER to initiate the ellipsoid change. The ELLIPSOID page is displayed with a partial list of available ellipsoids. The function key line shows F9-CANCEL.
 Continued on next page
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 IPADS Initialization, Continued
 Ellipsoid and Datum, continued
 Step Action 3 If the desired ellipsoid is not listed, press FNC Pg Dn to display
 the next page or scroll to the bottom of the list and continue scrolling. The illustration below shows the ellipsoid page:
 4 Scroll to the desired ellipsoid and press ENTER. The DATUM page is displayed with a list of datums associated with the selected ellipsoid. The function key line shows F9-CANCEL.
 5 If the desired datum is not listed, press FNC Pg Dn to display the next page or scroll to the bottom of the list and continue scrolling. Some ellipsoids have several pages of associated datums.
 Continued on next page
 ELLIPSOIDAIRY 1830AUSTRALIAN NATL
 INTERNATIONAL
 ELLIPSOIDS FROM 1 TO 16 OF 24PRESS ENTER TO SELECT ELLIPSOID; F9 TO CANCEL
 F1- F2- F3- F4- F5- F6- F7
 DATUM - ELLIPSOID: INTERNATIONALAIN ABD 70 (BAR)AIN ABD 70 (SAU)
 CORREGO ALEGRE
 DATUMS FROM 1 TO 16 OF 82PRESS ENTER TO SELECT DATUM; F9 TO CANCEL
 F1- F2- F3- F4- F5- F6- F7
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 IPADS Initialization, Continued
 Ellipsoid and Datum, continued
 Step Action 6 Scroll to the desired datum and press ENTER. The ELLIPSOID &
 DATUM page is displayed with new selections and parameters. The function key legend shows F2-USE ALL, F3-FLAT, F4-MINOR, and F9-EXIT.
 7 If the ellipsoid and datum selections are incorrect, press F9 to cancel and retain current settings or repeat the procedure with step 3-11d(2).
 8 If the selections are correct, press F2. INFO: SYSTEM ELLIPSOID AND DATUM HAVE BEEN SET is displayed with the function key legend F3-FLAT, F4-MINOR, and F9-EXIT.
 9 Press F9 to exit ELLIPSOID & DATUM page.
 Predefined/ User-Defined Ellipsoid & Datum
 To set a predefined or user-defined datum and ellipsoid, you must follow the steps in TM 11039A-12&P. You can access the TM by pressing F1 on the keyboard and scrolling to page 3-25 through 3-27.
 Initialization Options
 IPADS allows the operator to configure the system to fit the specific operation. Follow the steps on page 3-27 through 3-30 in the TM to configure the IPADS. The table below shows the different fields that can be changed to meet mission requirements.
 Display Option Can be set to display… Azimuth Type grid or true azimuth.
 Position Coordinate Format
 UTM coordinates in degrees, minutes and seconds, or latitude and longitude in decimal degrees.
 Audible Alarm alarm on or alarm off.
 Continued on next page
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 IPADS Initialization, Continued
 Hot Start A hot start is simply the IPADS aligning itself in relation to its last position
 and direction of true north. If the IPADS has not moved since the last survey operation was shutdown, the IPADS will conduct a hot start procedure. Any movement of the vehicle prior to initialization will cause a complete normal initialization to be conducted. Hot start initialization takes about 5-10 minutes.
 Hot Start Planning
 When finishing a survey and planning to use the hot start procedure at next power-up, follow the steps below to ensure the hot start procedure will work.
 Step Action
 1 Unload any equipment or gear from the vehicle prior to shutting down the IPADS.
 2 Follow normal shutdown procedures. 3 Do not move the IPADS at all. 4 Start the IPADS prior to loading any equipment or gear into the
 vehicle. 5 The IPADS will automatically check to see if a hot start is
 possible. If the IPADS can conduct a hot start, it will automatically align using the last stored survey position and direction stored in the database.
 6 If the IPADS cannot conduct a hot start, you must perform a normal initialization.
 Continued on next page
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 IPADS Initialization, Continued
 Initialization Point
 The initialization point should be a survey control point (SCP) that is accurately located and easily accessible to the IPADS. This point is used to tell the IPADS where it is on earth. If the IPADS cannot be plumbed over the SCP, it can be initialized as long as it is located within 100 meters of a known location and within 10 meters in elevation. Items to consider when conducting position initialization are:
 Item Consider
 1 When initialized with approximate coordinates, the position must be updated at a SCP after alignment is finished and before starting the survey.
 2 Use the vehicle plumb bob reference for initializing the IPADS. If initializing the IPADS at a SCP where the survey marker is offset from the vehicle, use the approximate initial coordinates. A theodolite can be set up over the SCP to perform a theodolite position update when the alignment is finished.
 3 Horizontal position and altitude are required for position initialization.
 4 Set ellipsoid, datum, and position coordinate type before entering initial position.
 5 The procedure to enter initial positions is similar for UTM and geodetic (latitude and longitude) coordinates.
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 Update and Marking Procedures
 Update with Plumb Bob
 Updating and initialization using the plumb bob are similar operations with the only difference being that initialization always requires both position and altitude to be updated. With update, the operator can update position and altitude, only position, or only altitude. Page 3-28 of the TM gives you the steps to update the IPADS with the plumb bob.
 Update with Theodolite
 If you cannot position the HMMWV over the SCP, you will have to update the IPADS using the theodolite. Once you set the theodolite up over the SCP and achieve auto reflection, you will follow the steps on page 3-43 of the TM to determine the distance to the porro prism and the vertical angle. The illustration below shows you the update page when using the theodolite:
 Continued on next page
 UPDATE: THEODOLITE: UTM
 THEODOLITE DATA:DISTANCE TO PRISM: 0000.00 M
 VERT ANGLE TO PRISM: +0000.000 MILS
 UPDATE TYPE: POSITION AND ALTITUDEPNT NAME: ---------------
 EAST: 000000.00 MNORTH: 00000000.00 M
 ALTITUDE: 0000.0 MGRID ZONE: 00
 ENTER DISTANCE TO PRISM (1 TO 3500 METERS)
 F1- F2- F3- F4- F5- F6- F7
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 Update and Marking Procedures, Continued
 Marking Points Positions can be established using the plumb bob arm as a reference or by
 using a theodolite at an offset point. An azimuth of a short line (100 to 1000 meters) can be established by marking both ends of the required azimuth line with IPADS. Every point marked will be saved in the IPADS database. Follow the steps below to establish a point:
 Step Action
 1 Maneuver the vehicle to place the plumb bob over the point to be established.
 2 Stop the vehicle and extend the plumb bob arm, hang the plumb bob, and maneuver the vehicle to plumb over the point, or, hang the plumb and align the hub for the survey station.
 3 Stop the vehicle and set the hand brake. 4 Press F2 MARK (toggle to MARK SCP) 5 Press ENTER 6 After 30 seconds, the ALARM will sound and GO will flash. 7 PRESS F6 EXIT 8 Press “CLR”. Display will show “PAUSE”.
 Renaming a Point
 Once a point is established, you should change the name assigned by the IPADS. Ensure that the name is relevant to the position. For example, OS GP101 would be used to record the orienting station data for gun position #101, EOL GP 1010 would be used to record the end or orienting line data for gun position 1010, SCP SMITH would be used for survey control point Smith.
 Continued on next page
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 Update and Marking Procedures, Continued
 Two-Position Mark
 When performing a 2-position mark to establish a line of known azimuth, you must ensure there is from 100 to 1000 meters between the first (1P) and second (2P) mark. The 2P (EOL) has to be marked within 70 seconds. If the EOL is not at least 100 meters or established within 70 seconds, the established azimuth will be suspect, and if possible, the procedure must be redone. Follow the steps below to conduct a 2-position mark:
 Step Action
 1 Press F2-MARK 1P. 2 Position the vehicle to establish OS. 3 Emplace the Hub under Plumb Bob. 4 Press F2-MARK (toggle to 1P). 5 Press Enter. (When the timer counts down from 90 seconds, the
 alarm will sound and GO flashes on screen) 6 Press F6-EXIT and proceed to the EOL. 7 Position the vehicle to establish the EOL 100 meters from OS and
 within 70 seconds. 8 Press F2-MARK. (2P will be the only available choice) 9 Press ENTER. 10 Do not move the vehicle until the Hub is emplaced under the
 Plumb Bob. 11 Press F6-EXIT once the EOL is established.
 Mark With Theodolite
 Anytime the vehicle cannot be positioned over the location required, but can be positioned within 24 meters, you can use the Auto-reflection method to establish the SCP. This procedure can also be used to update or adjust a survey. To establish a SCP using a theodolite and auto-reflection, follow the steps below:
 Step Action
 1 Set up the instrument over the hub. 2 Position the vehicle so the instrument operator (IO) can sight in on
 the porro prism assembly (PPA). 3 Rough level the porro prism. 4 Maneuver the vehicle so that the IO can obtain auto reflection.
 Note: Auto reflection is obtained when the IO can sight directly
 through his telescope into the porro prism and aim directly on the reflection of his telescope.
 Continued on next page
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 Update and Marking Procedures, Continued
 Mark with Theodolite, continued
 Step Action 5 Fine level the porro prism. 6 Verify that auto-reflection is still good.
 Note: Determine the distance from the PPA by aligning the left
 stadia line of reticle in the telescope on the 0 graduation of the PPA stadia scale, and reading the right stadia line of the reticle in the telescope. If the right stadia line does not fall on the PPA stadia scale, read the centerline of the reticle and double reading.
 7 The vertical angle is determined to the center of the PPA mirror. 8 Press F2 MARK to theodolite symbol. 9 Press ENTER. 10 Enter the distance to the prism. 11 Enter the horizontal angle to the EOL or azimuth mark. If no EOL
 or azimuth mark is to be established, enter 0.000 mils as the horizontal angle.
 12 Enter the vertical angle to the prism. Note: If an azimuth is required to a point (Declination Station),
 the horizontal angle is measured from the auto-reflection (not the stadia bar) to the azimuth mark.
 13 Press F2 USE ALL. 14 Press F6 EXIT.
 Continued on next page
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 Update and Marking Procedures, Continued
 Zero Velocity Updates (ZUPTs)
 While surveying with the IPADS, it is a requirement to stop the vehicle at designated intervals to allow the system to perform ZUPTs. The ZUPTs are used to allow the gyroscopes and accelerometers to catch up and correct for any drift from the accurate direction or position. When in 4th order survey operations, the vehicle operator must stop every 5 minutes. In 5th order survey, the vehicle operator must stop every 10 minutes.
 ZUPT Alarm If in motion while in either the navigation mode or the survey mode, the
 IPADS will begin countdown starting at the 5-minute point. An audible alarm will sound at approximately the 4 minutes, 15 second mark, affording the vehicle operator 45 seconds to pull over to perform the ZUPT. A ZUPT takes 30 seconds to conduct, followed by an audible alarm when ready to continue with the mission. The IPADS will automatically perform a ZUPT during initialization and at all marks and updates. The procedures for performing a zero-velocity correction are as follows: Note: A ZUPT can be manually initiated at anytime by pressing the F4 key.
 Step Action
 1 Stop the vehicle and set the parking brake. An AUDIBLE ALARM is sounding.
 2 Press F1 ZUPT key. 3 PRESS Y to start the ZERO VELOCITY UPDATE/AUDIBLE
 ALARM will cease. 4 The time until the ZUPTS completion is displayed in the STATUS
 screen. 5 TIM Z will increment up to the ZUPT interval, and another
 AUDIBLE ALARM will sound. At this point, it is safe to proceed with the mission.
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 Adjusting a Survey
 Reason for Adjustment
 Once you have established all the points for a specific survey scheme, the survey must be adjusted to correct each point for errors caused by several different factors. Some errors are due to plumb and level problems, drift of the gyroscope and accelerometers, and simple human error. Each survey must be adjusted to distribute the error evenly throughout the survey scheme.
 Adjust with Plumb Bob
 When the IPADS vehicle can be positioned over the survey control point, it is easiest and quickest to adjust the survey using the plumb bob. To adjust the survey with the plumb bob, follow the steps below:
 Step Action
 1 Position the vehicle plumbed over the known SCP. 2 Press F3 ADJUST PB. 3 Press ENTER. Adjust survey screen will appear. 4 Press F1 PNT NAME. 5 Press F3 PNT SEL or type in name of the known point in database.
 Note: If the point name from the database is entered, the point
 information will automatically be entered. Skip to step 8. 6 Arrow down to the known point that you want to use. 7 Press F1 SELECT. 8 Press F2 USE ALL. The point information will automatically be
 displayed. 9 Press F2 ADJUST to update the survey.
 Note: The radial error will be displayed with the message “Press
 Y Update/Adjust points”. 10 Press Y. The survey screen will be displayed and all points will be
 adjusted.
 Continued on next page
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 Adjusting a Survey, Continued
 Adjust With Theodolite
 If the IPADS vehicle cannot be placed over the SCP, you will use the theodolite and the auto-reflection method to adjust the survey. Use the steps below to adjust the survey with the theodolite:
 Step Action
 1 Press F3 ADJUST (theodolite symbol). 2 Press ENTER. The update position screen will appear. 3 Follow the same steps used to determine distance and vertical
 angle from theodolite to the prism as taught on page 6-28. 4 Press F3 PNT SELECT or type in the point name of the known
 SCP in the database. Note: If the point name from the database is entered, the point
 information will automatically be entered. Skip to step 8. 5 Arrow down to the know point. 6 Press F1 SELECT. 7 Press F2 USE ALL. The point information will automatically be
 displayed. 8 Press F2 ADJUST to update the survey.
 Note: The radial error will be displayed and the message “Press Y
 to Update/Adjust points” 9 Press Y. The survey screen will be displayed and all points will be
 adjusted.
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 Purpose Every survey requires established survey control points or known points in
 order to create a starting point. In artillery survey, it is imperative that all survey points are common to each other. The IPADS contains a database that stores all points established by the IPADS, or entered into the IPADS by the operator.
 Adding a Point It is a good idea to enter all of the points into the database that may be
 required for a certain area. Just as you would plot all of the points of a trig list on your map, you can enter all of the points into the database. Follow the steps below to enter the points into the IPADS database:
 Step Action
 1 From the Menu, Map, or Navigation screen, press F7-POINTS. POINTS LIST page appears.
 2 Press F2-NEW. The type field is boxed. 3 Press F1 for User Defined, F2 for Way Point, or F3 for SCP. The
 point Name is boxed. 4 Press FNC and DEL at same time to delete the name and type in
 new name or Press enter to use assigned name. 5 Enter easting, northing, altitude, and grid zone. 6 Press F2-USEALL to add point once accuracy has been checked. 7 Press F9-EXIT to return to POINTS LIST page.
 Database Filters Every point that is marked by the IPADS is automatically stored in the
 database. It is important to be able to delete points from the database in order to manage it with ease. Points stored in IPADS are stored in particular files depending on the type of points they are. The files or filters are listed below:
 File Contains
 Mission All unadjusted IPADS points established during current mission.
 SCP Unadjusted IPADS SCP (OS) before update, and Adjusted IPADS SCP (OS) after update.
 Way Point Navigation way points entered by operator. Mark Unadjusted IPADS Mark Points (EOL) before update,
 and Adjusted IPADS Mark Points (EOL) after update.
 Continued on next page
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 Database Management, Continued
 Database Filters, continued
 File Contains User Defined Unadjusted IPADS SCP and Mark points after update
 adjustment. All Points All points in the database are displayed on this page.
 Deleting Points Follow the steps below to delete points no longer needed in the database:
 Step Action 1 Press F7 POINTS to enter the database. 2 Arrow down to the point you want to delete. 3 Press F1 SELECT to select point. 4 Press F3 DEL PNT to delete the selected point.
 Transmitting Points
 The IPADS gives the survey team another means of getting the data to the firing units in a timely manner. Using the Forward Observer System (FOS) to transmit the survey information allows the using unit extra time to prepare their database for their next gun position occupation. The IPADS allows the operator to import and export important survey data to and from the FOS. The current position of the IPADS can be imported to the FOS for further transfer to the AFATDS. This procedure is completed by following the instructions in the FOS manual.
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 Lesson 3 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson
 Item 1 Before you start survey operations with the IPADS, you must initialize the
 system using either the normal or _______ start procedures. a. fast b. hot c. jump d. quick
 Item 2 When you update the IPADS, you will use the
 a. altitude and position. b. altitude and plumb bob. c. position or altitude. d. plumb bob or theodolite.
 Item 3 If you can position your IPADS vehicle over the SCP, you can adjust the
 survey with the a. plumb bob. b. porro prism. c. theodolite. d. sun.
 Item 4 You have just completed a survey and need to record the OS in your
 notebook. You can get this information from the _______ filter. a. mission b. mark c. SCP d. way point
 Continued on next page
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 Lesson 3 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 b 6-24 2 d 6-26 3 a 6-31 4 c 6-33
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 STUDY UNIT 7
 M2A2 AIMING CIRCLE
 Overview
 Scope In field artillery survey, the aiming circle is used to determine the magnetic
 variance in a position after a grid azimuth has been determined. This study unit will introduce you to procedures used to measure the magnetic variance or “mag checks” of a position.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 Setting Up 7-3 Operations 7-15
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 LESSON 1
 SETTING UP
 Introduction
 Scope This lesson will introduce you to the procedures required to set up and take
 down or “march order” the aiming circle.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the major parts of the aiming circle. • Identify the major components of the aiming circle.
 • Identify the procedures to attach the aiming circle to the tripod.
 • Identify the procedures used to march order the aiming circle.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 7-3 Parts and Components 7-4 Preparing for Operations 7-7 Leveling the Aiming Circle 7-8 March Order 7-10 Lesson 1 Exercise 7-11
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 Parts and Components
 Description The M2A2 aiming circle (shown below) is an optical instrument capable of
 measuring horizontal and vertical angles. The four major parts of the aiming circle are • Telescope assembly • Body assembly • Worm gear housing • Base plate assembly
 Specifications Specifications of the aiming circle are listed in the table below:
 Part Specifications Weight, aiming circle with cover 9 pounds Weight, aiming circle with equipment 21 pounds Azimuth rotation Unlimited Elevation (maximum) 1100 mils Depression (maximum) 400 mils Telescope power 4 power Field of view 10 degrees
 Continued on next page
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 Parts and Components, Continued
 Components and Functions
 The table below lists all of the components of the aiming circle and gives a brief description:
 Part Function
 Telescope Four power, fixed focus optical instrument with a reticle pattern to determine azimuth and elevation.
 Reflector Plastic signal post mounted on top of telescope. Used as aiming point for other instruments sighting on the aiming circle.
 Elevation knob Used to raise and lower telescope line of sight and to measure vertical angle.
 Elevation scale Scale numbered at 100-mil intervals. Each graduation on the scale represents 100 mils. Black numbers 0 to 1100 indicate elevation (+). Red numbers 0 to 400 indicate depression (-).
 Elevation micrometer scale
 Each graduation represents 1 mil. Scale is numbered at 10-mil intervals. Black numbers 0 to 100 indicate elevation (+). Red numbers 0 to 100 indicate depression (-).
 Magnetic compass Located in the main housing and used to find magnetic north. Azimuth scale Located below the magnetic compass housing. Graduated in 100-
 mil increments from 0 to 6400 mils and is numbered every 200 mils. Used to read azimuth to the nearest 100 mil.
 Azimuth micrometer scale
 Located on the azimuth knob on the lower right side of the magnetic needle housing. It is graduated in 1-mil increments from 0 to 100 mils and is numbered every 10 mils. Azimuth micrometer can be read to an accuracy of 0.5 mils.
 Upper motion (Recording)
 Allows the operator to place values on the azimuth scale. The values are read on the azimuth scale index, located below the magnetic needle magnifier.
 Lower motion (Nonrecording)
 Controlled by the orienting knobs. It is used to orient the aiming circle without changing the values on the upper motion.
 Leveling screws The three leveling screws are used to level the aiming circle. Located on a spring plate located below the orienting knobs and above the base plate assembly.
 Base plate assembly Serves as the base of the instrument when it is mounted on the tripod and serves as the base of the carrying case. Flat circular plate to which the instrument is attached by means of the spring plate.
 Notation pad A rectangular pad on the baseplate is used for recording the declination constant, date of declination, and the initials of the person performing the declination.
 Filter The lens, which is placed over the eyepiece for protection against the sun’s rays, is stored on the side of the telescope body.
 Compass needle locking lever
 Lever used to lock the magnetic needle in place to preclude damage.
 Continued on next page
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 Parts and Components, Continued
 Components and Functions, continued
 The illustration below shows the components of the aiming circle:
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 Preparing for Operations
 Tripod Before you can begin “turning angles,” you must know how to set up the
 instrument on the tripod. The M2A2 aiming circle comes complete with its own M24 tripod. You will set up the tripod in the same manner as you learned to set up a GST-20 tripod in study unit 2. You can also use the GST-20 tripod with the aiming circle if you chose.
 Attach Aiming Circle
 Once you have set up the tripod, you are ready to attach the aiming circle. The steps in the table below shows how to attach the aiming circle to the tripod:
 Step Action
 1 Pull back the spring-loaded cover on the base of the baseplate and place the aiming circle on the tripod.
 2 Loosely screw the instrument-fixing screw assembly into the base plate.
 3 Center the plumb bob over the orienting station by moving the base plate of the aiming circle.
 4 Tighten the instrument fixing screw into the baseplate of the aiming circle.
 5 Remove the aiming circle head cover and hang it on the tripod head cover or a leg clamp thumbscrew to prevent damage. Note: You must ensure that you clear the area of magnetic
 attractions such as weapons, metal eyeglass frames or hand held compasses.
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 Leveling the Aiming Circle
 Methods �There are two methods of leveling the aiming circle for normal use. Either
 the circular leveling vial or the tubular leveling vial can be used.
 Circular Leveling Vial
 The table below shows how to level the aiming circle using the circular level vial:
 Step Action
 1 Loosen the leveling screws approximately halfway. 2 Rotate the head of the aiming circle until the circular leveling vial
 is over the leveling screw adjacent to the notation pad. 3 Using the thumb and forefinger of each hand, turn the other two
 leveling screws in opposite directions. The bubble will move in the same direction as the left thumb.
 4 When the bubble moves on line with the fisheye, center the bubble by using only the third leveling screw.
 5 Rotate the head over each of the other two screws. If more than half the bubble moves out of the center ring, relevel the instrument. If the bubble cannot be centered, use the tubular method to level the instrument and then turn it in as soon as possible for repairs.
 Tubular Leveling Vial
 The table below shows how to level the aiming circle using the tubular level vial:
 Step Action
 1 Loosen the three leveling screws halfway. 2 Rotate the instrument until the axis of the tubular leveling vial is
 parallel to any two of the three leveling screws. 3 Center the bubble by using those two leveling screws. Grasp a
 screw between the thumb and forefinger of each hand. 4 Turn the screws simultaneously so that your thumbs move either
 toward each other or away from each other. This movement will tighten one screw and loosen the other. The bubble always moves in the same direction as the left thumb.
 Continued on next page
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 Leveling the Aiming Circle, Continued
 Tubular Leveling Vial, continued
 Step Action
 5 Rotate the instrument 1600 mils, and center the bubble by turning the third leveling screw.
 6 Rotate the instrument back to the first position, and relevel the bubble if necessary.
 7 Repeat steps 5 and 6 until the bubble remains centered in both positions.
 8 Rotate the instrument 3200 mils from the first position. If the bubble remains centered in this position, rotate the instrument 3200 mils from the second position. Note: If the bubble does not remain centered when the instrument
 is rotated 3200 mils, the leveling vial is out of adjustment. 9 If the bubble remains centered in this position, rotate the
 instrument through 6400 mils. If the bubble remains centered, the instrument is level.
 Out of Adjustment
 The table below shows how to compensate for the bubble “not” remaining centered in step 8:
 Step Action
 1 Using the same leveling screws that were used to place the instrument in the first position, move the bubble halfway back to the center of the leveling vial.
 2 Rotate the instrument 3200 mils from the second position and using the other leveling screw, move the bubble halfway back to the center of the level vial. The instrument is now level, and the bubble should come to rest in its vial at the same off-center position (within one graduation) regardless of the direction in which the instrument is pointed. You should turn the instrument in for repairs at the first opportunity.
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MCI Course 0813C 7-10 Study Unit 7, Lesson 1
 March Order
 Taking Down the Aiming Circle
 Once you have completed your survey operations, take down or “march order” the aiming circle. The steps to march order the instrument are in the table below:
 Step Action
 1 Elevate the aiming circle to about 300 mils. 2 Ensure the magnetic needle is locked. This will ensure that the
 needle does not become damaged while in transit. 3 Cover the tubular leveling vials. Be sure the M51 instrument light
 is turned off and secured in its case. 4 Ensure the caps of the orienting knobs are closed. 5 Place the azimuth knob over the notation pad. 6 Turn the leveling screws counterclockwise until the screws are to
 their lower stop. Then loosen each screw one-quarter turn. 7 Place the carrying case over the aiming circle, and latch the cover
 locks. 8 Unscrew the instrument-fixing screw, and remove the instrument
 from the tripod. 9 Replace the tripod head cover. 10 Retract and collapse the tripod legs, and tighten the thumbscrews. 11 Strap the tripod legs together.
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MCI Course 0813C 7-11 Study Unit 7, Lesson 1 Exercise
 Lesson 1 Exercise
 Directions Complete exercise items 1 through 7 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The four major parts of the aiming circle are
 a. telescope, azimuth scale, body assembly, and elevation knob. b. telescope assembly, elevation assembly, base plate assembly, and
 reflector. c. telescope assembly, body assembly, base plate assembly, and azimuth. d. telescope assembly, body assembly, base plate assembly, and worm gear
 housing.
 Item 2 Through Item 5
 Matching: For items 2 through 5, match the aiming circle component to its function. Place your responses in the spaces provided.
 Column 1 Component
 Column 2 Function
 ___ 2. Telescope ___ 3. Reflector ___ 4. Upper motion ___ 5. Notation pad
 a. Aiming point for other instruments
 b. Record declination constant c. Determines azimuth, elevation d. Used to place value on azimuth
 scale
 Item 6 Once you loosely screw the instrument-fixing screw into the base plate, you
 need to a. first align the front leg to the aiming post. b. center the plumb bob over the orienting station. c. have the front leg pointing to north. d. remove the aiming circle head cover.
 Continued on next page
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MCI Course 0813C 7-12 Study Unit 7, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Item 7 You are preparing to march order the aiming circle, once you elevate the
 telescope 300 mils, your next step would be to a. close the caps of the orienting knob. b. ensure the magnetic needle is locked. c. turn the leveling screws clockwise. d. place the carrying case over the aiming circle.
 Continued on next page
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MCI Course 0813C 7-13 Study Unit 7, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 d 7-4 2 c 7-5 3 a 7-5 4 d 7-5 5 b 7-5 6 b 7-7 7 b 7-10
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 (This page intentionally left blank.)

Page 267
						

MCI Course 0813C 7-15 Study Unit 7, Lesson 2
 LESSON 2
 OPERATIONS
 Introduction
 Scope This lesson will introduce you to the procedures required to declinate and
 conduct a magnetic check with the aiming circle.
 Learning Objectives
 After completing this lesson, you should be able to • Determine when declination is required. • Identify the area needed to declinate the aiming circle. • Identify the procedures used to declinate the aiming circle. • Identify the procedures used to conduct a magnetic check “mag check”
 with the aiming circle.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 7-15 Declination 7-16 Declination Procedures 7-17 Mag Checks 7-18 Lesson 2 Exercise 7-20
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MCI Course 0813C 7-16 Study Unit 7, Lesson 2
 Declination
 Magnetic North Magnetic north varies widely in different regions of the planet due to massive
 ore deposits under the Earth’s surface. Correcting for these differences is done using a process called declination with the end result being a declination constant.
 Definition Declination is the angle formed by a magnetic needle with a line pointing to
 grid north. The declination constant is a value applied to the scales of the aiming circle to change magnetic azimuths to grid azimuths in your local operating area.
 Situations The aiming circle should be declinated when any of the following situations
 exist: • When the instrument is first received • Anytime the instrument is returned from ordinance repair • After an electrical storm • Anytime the instrument has received a severe shock such as being dropped
 from the bed of a truck to the ground • Anytime the aiming circle is moved outside a 25-mile radius from the area
 in which it was declinated • A minimum of every 30 days to determine if any changes in the
 declination have occurred because of the annual shift of magnetic north, or because of accidents involving the instruments that may not have been reported
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MCI Course 0813C 7-17 Study Unit 7, Lesson 2
 Declination Procedures
 Area The area from which you will conduct the declination procedures must be free
 from magnetic attractions. You must have two or more known azimuth marks, preferably in opposite quadrants. These azimuth marks should be a minimum distance of 300 meters, preferably 1000 meters.
 Procedures The table below lists the steps to declinate the aiming circle:
 Step Action 1 Set up and level the aiming circle over a declination station. 2 With the upper (recording) motion, set the known azimuth to the
 first azimuth marker. 3 With the lower (nonrecording) motion, sight on the azimuth
 marker that corresponds to the azimuth set with the upper motion. Note: The 0-3200 line will be aligned with grid north.
 4 With the upper motion again, sight the telescope in general direction of north. Unlock magnetic needle.
 5 Turn the upper motion until magnetic needle is centered on the middle reticle. Look through the magnifier.
 6 Read the declination constant directly from the azimuth scales (nearest .5 mil). Record this indication.
 7 Repeat the steps above using the second (and third if you have it) azimuth mark.
 8 Compare the declination constants determined. If they agree within 2 mils, determine the mean. Express it to the nearest half mil by using artillery expression. Note: If the values differ by more than 2 mils, repeat the entire
 process. 9 On the notation pad, record the mean (four digit), the date, and the
 initials of the individual performing the declination.
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MCI Course 0813C 7-18 Study Unit 7, Lesson 2
 Mag Checks
 Purpose Mag checks are used to determine the magnetic variance in a position after a
 grid azimuth to an azimuth mark has been determined. Mag checks can also be used as a correction to determine a local declination constant (dec constant) of an aiming circle. Mag checks will normally be conducted under the following circumstances: • At the firing battery’s request. • If the lay circle and safety circle do not “bump,” the Astros cannot be
 performed. • Establishing firing positions, prior to battery personnel arriving in the
 position (alternate and supplemental positions).
 Continued on next page
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MCI Course 0813C 7-19 Study Unit 7, Lesson 2
 Mag Checks, Continued
 Procedures The procedures to conduct mag checks with a declinated aiming circle are
 listed in the table below:
 Step Action 1 Set up and level the aiming circle over the orienting station (OS). 2 Upper Motion: set the declination constant on the horizontal scales.3 Lower motion: Unlock and center magnetic needle north. 4 Upper Motion: Turn to and sight in on EOL (AzMk). 5 Compare reading from scales to the surveyed azimuth, such as:
 • The difference between the surveyed azimuth and the scale
 reading is the magnetic variance in the position. • If the scale reading is greater than the surveyed azimuth, the
 mag check is a plus (+). • If the scale reading is less than the surveyed azimuth, the mag
 check is a minus (-). If the mag check differs from the surveyed azimuths by more than ± 10.0 mils, the surveyed azimuth must be verified by a separate method of survey.
 6 Annotate the mag check on the position tag or data card (only if the magnetic variance is greater than 10.0 mils).
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 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 PFC Hard Charger is in charge of unpacking the survey vehicle. While
 unpacking the aiming circle, he drops it on the deck. What should the PFC do before using the aiming circle in survey operations? a. Declinate the aiming circle. b. Conduct preventive maintenance. c. Turn in to ordinance. d. Give it to the cannoneers.
 Item 2 What type of area do you need in order to declinate the aiming circle?
 1. __________________________________________________________ 2. __________________________________________________________ 3. __________________________________________________________
 Item 3 After you have used the upper motion to center the magnetic needle on the
 middle reticle, read the declination constant directly from the azimuth scales to the nearest a. .2 mil. b. .5 mil. c. 2 mils. d. 5 mils.
 Item 4 Once you unlock and center the magnetic needle north in preparation for a
 “mag check,” you a. set the declination constant on the scales. b. orient the aiming circle to the OS. c. turn aiming circle south and recheck. d. turn to and sight in on EOL.
 Continued on next page
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MCI Course 0813C 7-21 Study Unit 7, Lesson 2 Exercise
 Lesson 2 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answer Reference Page 1 a 7-16 2 1. Free from magnetic
 attractions. 2. Must have two or
 more known azimuth marks.
 3. Azimuth marks should be a minimum distance of 300 meters.
 7-17
 3 b 7-17 4 d 7-18
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MCI Course 0813C 8-1 Study Unit 8
 STUDY UNIT 8
 MISCELLANEOUS OPERATIONS
 Overview
 Scope Artillery surveyors are often tasked with providing support to the artillery
 battalion in areas other than conventional survey. This study unit will introduce you to those tasks and the procedures required to complete them.
 In This Study Unit
 This study unit contains the following lessons:
 Lesson See Page
 Reconnaissance Operations 8-3 Crater Analysis 8-11
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 (This page intentionally left blank.)

Page 277
						

MCI Course 0813C 8-3 Study Unit 8, Lesson 1
 LESSON 1
 RECONNAISSANCE OPERATIONS
 Introduction
 Scope This lesson will introduce you to the reconnaissance (recon) mission survey
 teams are tasked to perform by the Battalion S-3 or Battalion Survey Officer/Chief.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the different types of recon operations. • Identify the objective of each recon operation. • • Determine various tactical considerations while preparing to conduct
 recon missions.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 8-3 Position Recon 8-4 Route of March Recon 8-7 Lesson 1 Exercise 8-8
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MCI Course 0813C 8-4 Study Unit 8, Lesson 1
 Position Recon
 Firing Positions Survey Marines will be tasked to conduct both position and route
 reconnaissance. There are three different firing battery positions that may require position recon support from your survey team. The objective of your recon is to collect tactical data that will assist the S-3 in determining the usability of those positions. The table below identifies and gives a brief description of each position.
 Position Description
 Primary Position from which the unit will accomplish the assigned tactical mission.
 Alternate Position from which a unit will move to and accomplish its assigned tactical mission if the primary position becomes untenable. It is generally located between 1000 to 1500 meters away from the primary position.
 Supplementary Position selected for the conduct of a specific mission. In the defense, supplementary positions should cover likely enemy avenues of approach.
 Characteristics Generally, a firing position should accomplish the following:
 • Allow the unit to accomplish its assigned tactical mission. • Provide separate routes into and out of position. • Ensure trafficability for all vehicles. • Allow for good communications. • Free of obstructions that affect the firing capability of the howitzers. • Provide defilade, cover and concealment. • Allow for proper dispersion, command and control, and battery defense
 based on terrain and enemy. • Selected in consideration of the mission and future operations.
 Continued on next page
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MCI Course 0813C 8-5 Study Unit 8, Lesson 1
 Position Recon, Continued
 Considerations Before you conduct a recon mission in search of firing positions, you should
 consider the following information listed in the table below:
 Requirements Consideration Position Size Barren terrain: Should be 400m front x 200m deep to
 allow for dispersal of weapons and vehicles. Mountainous or heavily wooded terrain: Should be compact and easily defended approximately 200m front x 200m deep.
 Mutual Support Supports other firing positions in battery defense and massing fires.
 Gun Target Line No unit or element should be within 750 meters in front of another firing unit or outboard 25º of the flank guns.
 Range Position has to support the range of the available propellants.
 Supported Operations
 Movement to Contact Movements will be frequent.
 Position near roads for rapid emplacement/displacement.
 Attack Initial position occupied during reduced visibility. An 80% of range should extend beyond supported force.
 Exploitation/Pursuit Movements will be fast and frequent.
 Defense Extensive preparation required. Positions must provide continuous support.
 Continued on next page

Page 280
						

MCI Course 0813C 8-6 Study Unit 8, Lesson 1
 Position Recon, Continued
 Radar Position When conducting recon missions to locate a suitable site for a Q-46 radar, the
 survey teams should consider the information in the table below:
 Requirements Consideration Position • More than one route into and out of position
 • Cover and concealment for vehicles and equipment • Area in front of antenna must be clear for 200m • Screening crest (hill between radar and enemy)
 1000m from radar with VA between 15 and 30 mils Radar Range • Mortars out to 18 km
 • Cannon artillery out to 24 km • Rocket artillery out to 27 km
 Size • Large enough to accommodate four HMMWVs with trailers
 NBC Decon Site The survey team may be tasked with the reconnaissance, marking and
 manning of a suitable site for unit decontamination. The objective of the recon would be to find a site based on the guidance given by the S-3 and in accordance with FM 3-100 NBC Operations and FM 3-5 NBC Decontamination. Some considerations when conducting a reconnaissance for an NBC decon site are listed in the table below:
 Requirements Consideration
 Location • Uncontaminated area • Access to water • Supported by friendly units
 Size • Large enough to hold at least one firing battery Trafficability • Must have separate entrance and exit to avoid
 recontamination
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MCI Course 0813C 8-7 Study Unit 8, Lesson 1
 Route of March Recon
 Route Requirements
 The objective of the route recon is to provide the S-3 with the intelligence necessary to determine routes of march for the battalion’s units. The S-3 has to consider the tactical situation, distance to be covered, scheme of maneuver, time and convoy size/security when selecting routes. The table below shows some factors that the survey teams will need to consider when conducting a route recon:
 Factors Determine/Consider
 Road Conditions Improved, secondary or cross-country roads Bridge Capacity Maximum allowable weight of bridges Travel Restrictions Points along route where movement may be
 limited or obstructed for periods of time. Friendly Obstacles and Control Measures
 Traffic control points, critical points, communications sites
 Travel Times Firing unit maximum speed: • Improved roads at 45mph • Secondary roads at 25-30 mph • Cross country at 5-10 mph • Actual distance to travel
 Convoy Size Number of vehicles Types of marches Methods of Displacement

Page 282
						

MCI Course 0813C 8-8 Study Unit 8, Lesson 1 Exercise
 Lesson 1 Exercise
 Directions Complete exercise items 1 through 3 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The recon operation where you would locate alternate firing positions would
 be _____ recon. a. route b. position c. time d. force
 Item 2 The objective of the NBC decon site recon would be to find a site
 a. large enough to hold four HMMWVs and trailers. b. large enough to ensure the radar could track enemy mortars. c. in accordance with FM6-4. d. based on the guidance given by the S-3.
 Item 3 When conducting a route recon, you should consider
 a. chow times. b. fuel use. c. convoy size. d. units mission.
 Continued on next page
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MCI Course 0813C 8-9 Study Unit 8, Lesson 1 Exercise
 Lesson 1 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the reference page listed for each item.
 Item Number Answers Reference Page 1 b 8-4 2 d 8-6 3 c 8-7
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MCI Course 0813C 8-11 Study Unit 8, Lesson 2
 LESSON 2
 CRATER ANALYSIS
 Introduction
 Scope This lesson will introduce you to one method of obtaining information
 concerning the location of enemy weapons.
 Learning Objectives
 After completing this lesson, you should be able to • Identify the purpose of crater analysis. • • Identify the equipment needed to complete a crater analysis. • • Identify the procedures required to determine direction to enemy
 weapons. • • Identify the different types of crater analysis.
 In This Lesson This lesson contains the following topics:
 Topic See Page Introduction 8-11 Purpose of Crater Analysis 8-12 Determining Direction 8-14 Lesson 2 Exercise 8-21
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 Purpose of Crater Analysis
 Definition As field artillery surveyors, you may be tasked with examining craters and
 shell fragments from enemy artillery. The purpose of this examination is to determine the direction of fire and the caliber of the enemy’s weapon. This systematic examination is known as crater analysis.
 Analysis By analyzing the craters and shell fragments, you will be able to produce an
 azimuth of a ray that will pass through or close by the enemy artillery. Once you have several rays from widely separated craters, you may be able to accurately locate the enemy’s position. Weapon type and caliber can be determined from shell fragments found in shell craters. Shell fragments to collect include: • Duds • Large fragments • Rotating bands/Band seats • Fuzes • Tail fins • Fragments should be tagged with crater location, direction to weapon, date time group of shelling, and sent to the S-2 as soon as possible. Detailed reports must be submitted using DA Form 2185-R Artillery Counterfire Information.
 Continued on next page
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MCI Course 0813C 8-13 Study Unit 8, Lesson 2
 Purpose of Crater Analysis, Continued
 Equipment Required
 In order to perform crater analysis, you will need to have the following equipment listed in the table below:
 Equipment Function Aiming Circle with stakes (12-18”) comm. Wire (3-8’)
 Obtains direction from crater to weapon.
 Curvature Template Measures curvature of the fuze to determine caliber of weapon.
 Ruler Measures fragments, width of rotating, bands and band seats.
 Defense Intelligence Agency Projectile Fragment Identification Guide
 Used with fragments to identify type of rounds fired.
 Artillery Counterfire Information
 Processes counterfire information.
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 Determining Direction
 Types of Craters
 There are four different types of craters you must be able to identify when determining the direction in which the projectile came from. The table below identifies each crater and gives a brief description.
 Crater Description
 Low/Medium angle with Fuze Quick
 • Detonation causes an inner crater • Burst and momentum carry effect forward and to
 sides forming an arrow pointing to rear • Fuze continues along line of flight creating fuze
 furrow Ricochet Low/Medium angle with Fuze Delay
 • Projectile enters ground and continues in a straight line for a few feet
 • Projectile normally ricochets upward and changes direction
 Mine Action Low/Medium angle with Fuze Delay
 • Occurs when a shell burst beneath the ground • Occasionally burst will leave a furrow, to be
 analyzed in the same way as ricochet craters • Mine action craters without a furrow cannot be
 used to determine a direction Mortar/High Angle Quick Artillery
 • Turf at forward edge is undercut • When fresh, crater is covered with loose earth
 (carefully remove to expose firm/burnt inner crater)
 • Rearward side of crater streaked by splinter grooves
 • Radiate from point of detonation • Ends of splinter grooves in approximate line,
 which is perpendicular to the line of fire
 Low-Angle Fuze Quick Craters
 The detonation of a low-angle fuze quick projectile causes an inner crater. The burst and momentum of the shell carry the effect forward and to the sides, forming an arrow that points to enemy’s weapon. The fuze continues along the line of flight, creating a fuze furrow. There are two methods of obtaining a direction to a hostile weapon from this type of crater. These are the fuze furrow and center of crater method and the side spray method. The best results are obtained by determining a mean, or average, of several directions obtained by using both methods.
 Continued on next page
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MCI Course 0813C 8-15 Study Unit 8, Lesson 2
 Determining Direction, Continued
 Fuze Furrow and Center of Crater Method
 Use the table below to determine direction with the fuze furrow and center of crater method:
 Step Action
 1 Place stake in center of crater (or where shell entered ground). 2 Place second stake in fuze furrow. 3 Set up aiming circle in line with stakes and remove any shell
 fragments from area near aiming circle. 4 Orient the aiming circle (hasty astro or grid azimuth). 5 Measure direction to hostile weapon.
 Illustration The illustration below shows the fuze furrow and center of crater method.
 Continued on next page
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MCI Course 0813C 8-16 Study Unit 8, Lesson 2
 Determining Direction, Continued
 Side Spray Method
 Use the table below to determine direction with the side spray method:
 Step Action
 1 Place stake in the center of crater. 2 Place two stakes (one near the apex of each side spray) equal
 distance from the center stake. 3 Hold a length of communications wire (equal length) to each side
 spray stake and strike an arc forward of the fuze furrow. 4 Place a stake where the arcs intersect. 5 Set up an aiming circle in line with arc and center stakes. 6 Orient the aiming circle. 7 Measure direction to hostile weapon.
 Illustration The illustration below shows the side spray method.
 Continued on next page
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MCI Course 0813C 8-17 Study Unit 8, Lesson 2
 Determining Direction, Continued
 Low-Angle Fuze Delay
 There are two types of craters formed by low-angle fuze delay rounds; ricochet and mine action. The projectile enters the ground in a line following the trajectory and continues in a straight line for a few feet, causing a ricochet furrow. The projectile then normally deflects upward. At the same time, it changes direction. The change of direction is usually to the right as the result of the spin or rotation of the projectile. The effect of the airburst can be noted on the ground. Directions obtained from ricochet craters are considered to be the most reliable.
 Ricochet Furrow Method
 Use the table below to determine direction by the ricochet furrow method:
 Step Action
 1 Clean out the furrow. 2 Place a stake at each end of the usable straight section of the
 furrow. 3 Set up an aiming circle in line with stakes. 4 Orient the aiming circle. 5 Measure direction to hostile weapon.
 Illustration The illustration below shows the ricochet furrow method.
 Continued on next page
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MCI Course 0813C 8-18 Study Unit 8, Lesson 2
 Determining Direction, Continued
 High-Angle Shell Craters
 In a typical high-angle mortar crater, the turf at the forward edge (the direction away from the hostile mortar) is undercut. The rear edge of the crater is shorn of vegetation and grooved by splinters. When fresh, the crater is covered with loose earth, which must be carefully removed to disclose the firm burnt inner crater. The ground surrounding the crater is streaked by splinter grooves that radiate from the point of detonation. The ends of the splinter grooves on the rearward side are on an approximately straight line. This line is perpendicular to the horizontal trajectory of the round. A fuze tunnel is created by the fuze burying itself at the bottom of the inner crater in front of the point of detonation. Three methods may be used to determine direction from a high-angle mortar shell crater: main axis, splinter groove, and fuze tunnel.
 Main Axis Method
 Use the table below to determine direction by the main axis method:
 Step Action
 1 Lay a stake along the main axis of crater-dividing crater into symmetrical halves (stake points in direction of weapon).
 2 Set up the aiming circle in line with the stake. 3 Orient the aiming circle. 4 Measure the direction to hostile weapon.
 Illustration The illustration below shows the main axis method.
 Continued on next page
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MCI Course 0813C 8-19 Study Unit 8, Lesson 2
 Determining Direction, Continued
 Splinter Grove Method
 Use the table below to determine direction by the splinter grove method:
 Step Action
 1 Lay a stake along ends of splinter grooves. 2 Lay a second stake perpendicular to first through the axis of the
 fuze tunnel. 3 Set up aiming circle in line with second stake. 4 Orient the aiming circle. 5 Measure direction to hostile weapon.
 Illustration The illustration below shows the splinter grove method.
 Continued on next page
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MCI Course 0813C 8-20 Study Unit 8, Lesson 2
 Determining Direction, Continued
 Fuze Tunnel Method
 Use the table below to determine direction by the fuze tunnel method:
 Step Action
 1 Place a stake in the fuze tunnel. 2 Set up aiming circle in line with the stake and away from
 fragments. 3 Orient the aiming circle. 4 Measure direction to hostile weapon.
 Illustration The illustration below shows the fuze tunnel method.
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MCI Course 0813C 8-21 Study Unit 8, Lesson 2 Exercise
 Lesson 2 Exercise
 Directions Complete exercise items 1 through 4 by performing the action required.
 Check your answers against those listed at the end of this lesson.
 Item 1 The purpose of crater analysis is to determine the
 a. direction of fire and the caliber of the enemy’s weapon. b. direction of friendly weapons. c. distance and caliber of the enemy’s weapon. d. distance and the caliber of friendly weapons.
 Item 2 You are conducting a crater analysis and locate several pieces of the rounds
 that caused the crater. To identify the caliber and type of rounds fired, you would need to use the Defense Intelligence a. Agency Projectile Fragment Identification Guide. b. Shell Identification Card. c. Projectile Identification Card. d. Projectile Fragment Identification Recovery Guide.
 Item 3 When preparing to conduct a crater analysis using the side spray method, you
 would a. line up the aiming circle in line with the arc and center stakes. b. line up the stakes with the center of the crater. c. draw an arc with the center of the stakes. d. measure direction to friendly unit.
 Item 4 You have been ordered to conduct a crater analysis. You find that the round
 entered the ground in a line following the trajectory and continued in a straight line for a few feet. What method of crater analysis would you use to determine the direction of the enemy weapon? a. Splinter grove b. Fuze tunnel c. Main axis d. Ricochet furrow
 Continued on next page
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MCI Course 0813C 8-22 Study Unit 8, Lesson 2 Exercise
 Lesson 2 Exercise, Continued
 Answers The table below provides the answers to the exercise items. If you have any
 questions, refer to the page listed for each item.
 Item Number Answer Reference Page 1 a 8-12 2 a 8-13 3 a 8-16 4 d 8-16
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 APPENDIX A
 STAR CARDS
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MCI Course 0813C A-3 Appendix A
 STAR CARDS
 Constellation Star Name and Number Magnitude Card Andromeda Alpheratz 1 2.1 9 Aquila Altair 66 0.9 6 Aries Hamal 11 2.2 7 Auriga Capella 17 0.2 4 Bootes Arcturus 51 0.2 2 Canis Major Sirius 25 -1.6 5 Adhara 26 1.6 5 Wezen 27 2.0 5 Canis Minor Procyon 29 0.5 5 Carina Canopus 23 0.9 18 Avoir 32 1.7 18 Miaplacidus 34 1.8 18 Cassiopeia Schedar 5 2.3 17 Caph 2 2.4 17 Ruchbah 8 2.8 17 Gamma Cassiopeia 7 1.6-2.8 17 Centaurus Rigel Kentaurus 52 0.1 19 Hadar 49 0.9 19 Menkent 50 2.3 19 Cetus Diphda 6 2.2 1 Menkar 13 2.8 1 Corona Borealis Alphecca 55 2.3 2 Corvus Gienah 41 2.8 8 Crux (Southern Cross) Acrux 42 1.0 19 Mimosa 1.5 19 Gacrux 43 1.6 19 Cygnus Deneb 68 1.3 6 Draco Eltanin 62 2.4 17 Eridanus Achernar 9 0.6 12 Acamar 12 3.4 12 Gemini Pollux 30 1.2 4 Castor 28 1.6 4 Alhena 24 1.9 4 Grus Al Na’ir 71 2.2 10 Hydra Alphard 35 2.2 8 Hydrus Beta Hydri 3 2.9 13 Leo Regulus 36 1.3 14 Denebola 39 2.2 14 Libra Zebenelgenubi 53 2.9 15
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MCI Course 0813C A-4 Appendix A
 Constellation Star Name and Number Magnitude Card
 Lyra Vega 64 0.1 6 Octans Nu 69 3.7 13 Ophiuchus Raselhague 61 2.1 15 Sabik 59 2.6 15 Orion Rigel 16 0.3 5 Betelgeuse 22 0.1 5 Bellatrix 18 1.7 5 Alnilam 20 1.7 5 Alnitak 21 2.0 5 Pavo Peacock 67 2.1 11 Pegasus Enif 70 2.5 9 Markab 73 2.6 9 Perseus Mirfak 14 1.9 7 Phoenix Ankaa 4 2.4 10, 12 Piscis Austrinus Fomalhaut 72 1.3 10 Sagittarius Kaus Australis 63 1.9 3 Nunki 65 2.1 3 Scorpius Antares 57 1.2 3, 15 Scaula 60 1.7 3 Dschubba 56 2.5 3, 15 Taurus Aldebaran 15 1.1 4, 7 El Nath 19 1.8 4 Triangulum Australe Atria 58 1.9 13 Ursa Major Alioth 45 1.7 16 Alkaid 48 1.9 16 Dubhe 38 1.9 16 Mizar 46 2.4 16 Merak 37 2.4 16 Phecda 40 2.5 16 Ursa Minor Polaris 10 2.1 16, 17 Kochab 54 2.2 16, 17 Vela Gamma Velorum 31 1.9 18 Suhail 33 2.2 18 Virgo Spica 47 1.2 14
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MCI Course 0813C A-5 Appendix A
 Card 1
 Card 2
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MCI Course 0813C A-6 Appendix A
 Card 3
 Card 4
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MCI Course 0813C A-7 Appendix A
 Card 5
 Card 6
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MCI Course 0813C A-8 Appendix A
 Card 7
 Card 8
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MCI Course 0813C A-9 Appendix A
 Card 9
 Card 10

Page 306
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MCI Course 0813C A-13 Appendix A
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MCI Course 0813C B-1 Appendix B
 APPENDIX B
 COMPUTATION FORMS
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MCI Course 0813C B-2 Appendix B
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MCI Course 0813C B-3 Appendix B
 AZIMUTH AND DISTANCE FROM UTM COORDINATES
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER STATION NAME
 2
 ENTER UTM EASTING (0.000)
 3
 ENTER UTM NORTHING (0.000)
 4
 ENTER AZMK NAME
 5
 ENTER UTM EASTING (0.000)
 6
 ENTER UTM NORTHING (0.000)
 7
 RECORD UTM GRID AZIMUTH (MILS)
 8
 RECORD GRID DISTANCE (METERS)
 STEP ACTION SET 1 SET 2
 1
 ENTER STATION NAME
 2
 ENTER UTM EASTING (0.000)
 3
 ENTER UTM NORTHING (0.000)
 4
 ENTER AZMK NAME
 5
 ENTER UTM EASTING (0.000)
 6
 ENTER UTM NORTHING (0.000)
 7
 RECORD UTM GRID AZIMUTH (MILS)
 8
 RECORD GRID DISTANCE (METERS)
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-4 Appendix B
 TRAVERSE
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION
 STATION DATA
 STATION # ____________
 STATION # ____________
 1
 ENTER REAR STATION NAME
 2
 ENTER STATION NAME
 3
 ENTER UTM EASTING (0.000)
 4
 ENTER UTM NORTHING (0.000)
 5
 ENTER ELEVATION (M) (0.000)
 6
 ENTER AZ TO REAR (MILS) (0.000)
 FIELD DATA
 7
 MAIN SCHEME LEG (Y/N)
 8
 ENTER HORZ ANGLE (MILS) (0.000)
 9
 ENTER VERT ANGLE (MILS) (0.000)
 10
 RECIP VERT (Y/N)
 11
 ENTER DISTANCE (-SL/+HZ) (0.000)
 STATION DATA
 STATION # ____________
 STATION # ____________
 12
 ENTER STATION NAME
 13
 ENTER UTM EASTING (0.000)
 14
 ENTER UTM NORTHING (0.000)
 15
 ENTER ELEVATION (M) (0.000)
 16
 ENTER AZ TO REAR (MILS) (0.000)
 FIELD DATA
 17
 MAIN SCHEME LEG (Y/N)
 18
 ENTER HORZ ANGLE (MILS) (0.000)
 19
 ENTER VERT ANGLE (MILS) (0.000)
 20
 RECIP VERT (Y/N)
 21
 ENTER DISTANCE (-SL/+HZ) (0.000)
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-5 Appendix B
 TRAVERSE ADJUSTMENT
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION
 1
 ENTER CLOSING ANGLE (MILS) (0.000)
 KNOWN DATA 2
 ENTER KNOWN AZ FWD (MILS) (0.000)
 3
 ENTER KNOWN ELEVATION (M) (0.000)
 4
 ENTER KNOWN EASTING (0.000)
 5
 ENTER KNOWN NORTHING (0.000)
 CLOSING DATA 6
 RECORD CMPTD AZ FWD (MILS) (0.000)
 7
 RECORD AZ CORR (MILS) (0.000)
 8
 RECORD HT CORR (M) (0.000)
 9
 RECORD TTL (M) (0.000)
 10
 RECORD RADIAL ERROR (M) (0.000)
 11
 RECORD ACCURACY RATIO 1/_________ 1/
 ADJUSTED DATA
 STATION NAME EASTING NORTHING ELEVATION AZ TO REAR
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-6 Appendix B
 ARTY ASTRO
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION
 PAGE ONE 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID ( 1 - 9 )
 3
 ENTER KNOWN EASTING (0.000)
 4
 ENTER KNOWN NORTHING (0.000)
 5
 ENTER LATITUDE (N/S)
 6
 ENTER UTM GRID ZONE (1 – 60)
 PAGE TWO 7
 ENTER ORDER ( 4th or 5th )
 8
 ENTER STAR # ( SUN = 0 )
 9
 ENTER TIME ZONE LETTER ( A – Z )
 10
 ENTER DAYLIGHT SAVINGS ( Y or N )
 11
 ENTER INITIAL CIRCLE SETTING ( 0.000 )
 PAGE THREE
 ACTION
 INPUT FOR SET 1
 INPUT FOR SET 2
 INPUT FOR SET 3
 12
 ENTER OBSERVATION DATE (mm/dd/yyyy)
 13
 ENTER OBSERVATION TIME (hrs:min:sec)
 14
 ENTER AIMING POINT ( T / L / C )
 15
 ENTER HORZ READING (D) (0.000)
 16
 PRESS CALC; RECORD UTM GRID AZ
 18 RECORD MEAN UTM GRID AZIMUTH OF ACCEPTABLE SETS
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-7 Appendix B
 CONVERSION UTM COORDINATES TO GEOGRAPHIC POSITION
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID (1-9)
 3
 ENTER UTM EASTING (0.000)
 4
 ENTER UTM NORTHING (0.000)
 5
 ENTER LATITUDE (N/S)
 6
 ENTER UTM GRID ZONE (1-60)
 7
 RECORD LATITUDE (-S) (dd.mmsssss)
 8
 RECORD LONGITUDE (-W) (ddd.mmsssss)
 STEP ACTION SET 3 SET 4
 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID (1-9)
 3
 ENTER UTM EASTING (0.000)
 4
 ENTER UTM NORTHING (0.000)
 5
 ENTER LATITUDE (N/S)
 6
 ENTER UTM GRID ZONE (1-60)
 7
 RECORD LATITUDE (-S) (dd.mmsssss)
 8
 RECORD LONGITUDE (-W) (ddd.mmsssss)
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME

Page 318
						

MCI Course 0813C B-8 Appendix B
 CONVERSION GEOGRAPHIC POSITION TO UTM COORDINATES
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID (1-9)
 3
 ENTER LATITUDE (-S) (dd.mmsssss)
 4
 ENTER LONGITUDE (-W) (ddd.mmsssss)
 5
 ENTER UTM GRID ZONE (1-60)
 6
 RECORD UTM EASTING
 7
 RECORD UTM NORTHING
 STEP ACTION SET 3 SET 4
 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID (1-9)
 3
 ENTER LATITUDE (-S) (dd.mmsssss)
 4
 ENTER LONGITUDE (-W) (ddd.mmsssss)
 5
 ENTER UTM GRID ZONE (1-60)
 6
 RECORD UTM EASTING
 7
 RECORD UTM NORTHING
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-9 Appendix B
 UTM GRID CONVERGENCE (True to Grid) FROM LATITUDE AND LONGITUDE
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER AZMK NAME
 2
 ENTER STATION NAME
 3
 ENTER LATITUDE (-S) (dd.mmsssss)
 4
 ENTER LONGITUDE (-W) (ddd.mmsssss)
 5
 ENTER TRUE AZIMUTH (0.000)
 6
 ENTER UTM GRID ZONE (1-60)
 7
 RECORD UTM GRID CONVERGENCE
 8
 RECORD UTM GRID AZIMUTH
 STEP ACTION SET 3 SET 4
 1
 ENTER AZMK NAME
 2
 ENTER STATION NAME
 3
 ENTER LATITUDE (-S) (dd.mmsssss)
 4
 ENTER LONGITUDE (-W) (ddd.mmsssss)
 5
 ENTER TRUE AZIMUTH (0.000)
 6
 ENTER UTM GRID ZONE (1-60)
 7
 RECORD UTM GRID CONVERGENCE
 8
 RECORD UTM GRID AZIMUTH
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-10 Appendix B
 ZONE TO ZONE TRANSFORMATION
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID (1-9)
 3
 ENTER GRID ZONE 1
 4
 ENTER GRID ZONE 2
 5
 ENTER UTM EASTING GZ1 (0.000)
 6
 ENTER UTM NORTHING GZ1 (0.000)
 7
 ENTER LATITUDE (N/S)
 8
 ENTER AZIMUTH GZ 1 (MILS)
 9
 RECORD UTM EASTING GZ2 (0.000)
 10
 RECORD UTM NORTHING GZ2 (0.000)
 11
 RECORD AZIMUTH GZ2 (MILS)
 STEP ACTION SET 1 SET 2
 1
 ENTER STATION NAME
 2
 ENTER ELLIPSOID (1-9)
 3
 ENTER GRID ZONE 1
 4
 ENTER GRID ZONE 2
 5
 ENTER UTM EASTING GZ1 (0.000)
 6
 ENTER UTM NORTHING GZ1 (0.000)
 7
 ENTER LATITUDE (N/S)
 8
 ENTER AZIMUTH GZ 1 (MILS)
 9
 RECORD UTM EASTING GZ2 (0.000)
 10
 RECORD UTM NORTHING GZ2 (0.000)
 11
 RECORD AZIMUTH GZ2 (MILS)
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-11 Appendix B
 INTERSECTION
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER O1 NAME
 2
 ENTER UTM EASTING (0.000)
 3
 ENTER UTM NORTHING (0.000)
 4
 ENTER ELEVATION (M) (0.000)
 5
 ENTER O2 NAME
 6
 ENTER UTM EASTING (0.000)
 7
 ENTER UTM NORTHING (0.000)
 8
 ENTER AZ 01 TO TGT (0.000)
 9
 ENTER VA 01 TO TGT (0.000)
 10
 ENTER AZ 02 TO TGT (0.000)
 11
 RECORD DISTANCE O1-O2 (M)
 12
 RECORD GRID AZ O1-O2 (MILS)
 13
 RECORD UTM EASTING (0.000)
 14
 RECORD UTM NORTHING (0.000)
 15
 RECORD ELEVATION (M) (0.000)
 REMARKS
 COMPUTER
 CHECKER
 DATE
 LOCALITY
 ARCHIVE FILE NAME
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MCI Course 0813C B-12 Appendix B
 SUBTENSE
 Survey Software for AN/PYG-1 Version:_____________ STEP ACTION SET 1 SET 2
 1
 ENTER SUBTENDED ANGLE (MILS)
 2
 ENTER BASE LENGTH (METERS)
 3
 RECORD DISTANCE (0.000)
 STEP ACTION SET 3 SET 4
 1
 ENTER SUBTENDED ANGLE (MILS)
 2
 ENTER BASE LENGTH (METERS)
 3
 RECORD DISTANCE (0.000)
 STEP ACTION SET 5 SET 6
 1
 ENTER SUBTENDED ANGLE (MILS)
 2
 ENTER BASE LENGTH (METERS)
 3
 RECORD DISTANCE (0.000)
 STEP ACTION SET 7 SET 8
 1
 ENTER SUBTENDED ANGLE (MILS)
 2
 ENTER BASE LENGTH (METERS)
 3
 RECORD DISTANCE (0.000)
 REMARKS
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MCI Course 0813C R-1 Review Lesson Examination
 FIELD ARTILLERY SURVEY
 REVIEW LESSON EXAMINATION
 Review Lesson
 Introduction The purpose of the review lesson examination is to prepare you for your final
 examination. We recommend that you try to complete your review lesson examination without referring to the text, but those items (questions) you are unsure of, restudy the text. When you finish your review lesson and are satisfied with your responses, check your responses against the answers provided at the end of this review lesson examination.
 Directions Select the ONE answer that BEST completes the statement or that answers
 the item. For multiple choice items, circle your response. For matching items, place the letter of your response in the space provided.
 Item 1 In order for an artillery commander to mass his firing units on a single target,
 they need to be a. in the same position. b. in the same regiment. c. on common grid. d. within 100 meters of each other.
 Item 2 When artillery units are placed on common grid, they can effectively
 a. mass fires. b. support fire. c. surprise move. d. transmit times.
 Continued on next page
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MCI Course 0813C R-2 Review Lesson Examination
 Review Lesson, Continued
 Item 3 When a regimental survey section conducts survey operations, their level of
 accuracy is normally _____ order. a. third b. fourth c. fifth d. hasty
 Item 4 The survey team leader is a ______ for each conventional regimental survey
 team. a. LCpl b. Cpl c. Sgt d. SSgt
 Item 5 The Marine who maintains DA Form 4446 and records the slope distance is
 the a. computer/recorder. b. computer. c. instrument operator. d. survey chief.
 Item 6 Friendly firing units are located in the ________ area.
 a. connection b. mass c. observation d. position
 Continued on next page
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MCI Course 0813C R-3 Review Lesson Examination
 Review Lesson, Continued
 Item 7 You have been given a task to survey a bunker in enemy territory. Since you
 cannot occupy the area, you decide to conduct a/an ____________ to accomplish the mission. a. intersection b. resection c. traverse d. subsection
 Item 8 You can find ______ and _______ on the flyleaf page of the DA Form 4446
 Record Book. a. date/time b. unit/location c. tripod/weather d. weather/location
 Item 9 As you record data in the field notebook, you should compute and record the
 mean value and circle the data that is used to compute the survey. This will allow you to immediately notify the IO of any ______________ angles. a. incorrect b. reciprocal c. vertical d. long
 Item 10 You are the recorder of survey team 2, you have entered an incorrect reading
 and need to change your entry, to do this you a. write void next to the reading and write the correct data below it. b. erase the reading and then write the correct data above it. c. draw a single line through the incorrect data and enter correct data above. d. draw a large X and write void on the top of the page.
 Continued on next page
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MCI Course 0813C R-4 Review Lesson Examination
 Review Lesson, Continued
 Item 11 When setting up the tripod, the plumb bob should hang approximately ______
 above the survey station. a. ½ inch b. 1 inch c. 1½ inches d. 0-1½ inches
 Item 12 While taking down the theodolite, you must ________________ before you
 unscrew the fixing screw. a. align the base b. detent all screws c. fix plumb bob d. grasp the right standard
 Item 13 When reading the horizontal scales, the base scale represents
 a. units of degrees. b. 10 mil increments. c. hundredths of a mil. d. units of mils.
 Continued on next page
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MCI Course 0813C R-5 Review Lesson Examination
 Review Lesson, Continued
 Item 14 What is the horizontal reading in the illustration below?
 a. 1456.454 b. 1456.445 c. 1457.463 d. 1457.469
 Item 15 When converting a vertical reading of 2386.029, ________ to a vertical angle.
 a. add 1600 mils b. add 3200 mils c. subtract 1600 mils d. subtract 3200 mils
 Continued on next page
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MCI Course 0813C R-6 Review Lesson Examination
 Review Lesson, Continued
 Item 16 When reading the vertical scales, you read
 a. always right and up. b. same as horizontal scales. c. micrometer scale first. d. base scale first.
 Item 17 The _________ is another power source for the DI 3000 besides the GEB 70.
 a. generator b. GEB 17 c. HMMWV d. 9-volt battery
 Item 18 You have been tasked with setting up the tripod and prism at the distant
 station. You notice that there is moderate sunlight and that the distance of the forward station is about 8km. How many prisms do you need to use? a. 1 b. 3 c. 5 d. 11
 Item 19 When setting up the DI 3000, you must
 a. take the carrying handle off the T2-E. b. remove the T2-E off the tripod. c. remove the battery from the tripod. d. slide the clip off the battery case.
 Continued on next page

Page 329
						

MCI Course 0813C R-7 Review Lesson Examination
 Review Lesson, Continued
 Item 20 You are the instrument operator and are tasked with testing the DI 3000
 before operations. During the test, you receive “error 12.” That indicates a. battery strength is high. b. wind affecting operations. c. no signal being returned. d. battery too low to operate.
 Item 21 To ensure that the displayed distances are correct, you must enter the prism
 constant of ________ for a wild rectangular prism. a. 0 b. -15 c. -35 d. -40
 Item 22 When operating the DI 3000 in normal mode, you must take at least ____
 distance(s). a. one b. three c. five d. seven
 Item 23 Reduction in the efficiency of the diode is a result of
 a. severe heating. b. moisture in cables. c. weak battery. d. dirty lens.
 Continued on next page
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MCI Course 0813C R-8 Review Lesson Examination
 Review Lesson, Continued
 Item 24 You must place the reading of 0000.150 on the micrometer scale by using the
 a. tangent screw. b. horizontal clamping screw. c. micrometer knob. d. coincidence knob.
 Item 25 The instrument operator will make a second direct reading to the
 ___________ station when measuring one-position angles. a. rear b. base c. forward d. occupied
 Item 26 The illustration below shows a mean angle of
 a. 3085.125. b. 3086.225. c. 3087.254. d. 3088.265.
 Continued on next page
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MCI Course 0813C R-9 Review Lesson Examination
 Review Lesson, Continued
 . Item 27 When measuring two-position angles, you will record the second mean
 horizontal angle a. and circle it. b. in parenthesis. c. on same page. d. in direct position.
 Item 28 What is the mean horizontal angle of the two-position angle?
 a. 0485.334 b. 0485.337 c. 0485.492 d. 0485.433
 Continued on next page
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MCI Course 0813C R-10 Review Lesson Examination
 Review Lesson, Continued
 Item 29 The program used to compute a traverse in the BUCS-R is program
 a. one. b. two. c. three. d. four.
 Item 30 When computing the radial error using the Pythagorean theorem, what is the
 RE? a. A² b. B² c. C² d. D²
 Item 31 You have conducted a traverse and need to compute the accuracy ratio. To do
 this, you need to divide the ______ by the ______. a. RE/TTL b. TTL/RE c. EE/RE d. EN/TTL
 Item 32 Celestial sphere is a sphere of what?
 a. Celestial equators b. Infinite radius c. Great circle d. Celestial bodies
 Continued on next page
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MCI Course 0813C R-11 Review Lesson Examination
 Review Lesson, Continued
 Item 33 Polar distance is the side of the PZS triangle that extends from the celestial
 north pole to the a. celestial body. b. observer’s zenith. c. Equator. d. Meridian.
 Item 34 Time is computed using _______ to prevent from you having to compute data
 for all 24 standard time zones. a. XMT b. SMT c. GMT d. LMT
 Item 35 One purpose of artillery astronomic observations would be to
 a. start or close survey for IPADS. b. provide Azimuth for enemy artillery firing units. c. check deflection for firing units. d. determine azimuth to declinate aiming circles.
 Item 36 When the angle T is less than _____, survey teams should not conduct an
 artillery astro. a. 5º b. 10º c. 15º d. 20º
 Continued on next page
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MCI Course 0813C R-12 Review Lesson Examination
 Review Lesson, Continued
 Item 37 The purpose of the sun filter is to prevent the IO from
 a. burning his eye. b. missing the tip. c. irritating his cornea. d. ruining the instrument.
 Item 38 When computing the arty astro with the BUCS-R, you enter ____ if you are
 using daylight savings time. a. Z b. Y c. T d. N
 Item 39 One advantage of using stars rather than the sun for arty astro’s is at least one
 of the _____ survey stars can be found in a satisfactory position regardless of time of night. a. 53 b. 63 c. 73 d. 83
 Item 40 To minimize the effect of ________, the best time to track Polaris would be
 when it is above 175 mils in altitude. a. error b. light c. shimmer d. refraction
 Continued on next page
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MCI Course 0813C R-13 Review Lesson Examination
 Review Lesson, Continued
 Directions for Item 41 and Item 42
 Refer to the star cards used in Appendix A to answer items 41 and 42.
 Item 41 You have been given the task to conduct an arty astro using the constellation
 Corvus. What survey star would you have to locate? a. Alphecca b. Beta Hydri c. Denub d. Gienah
 Item 42 You are the computer operator for survey team 1. Your team leader wants to
 use the survey star Menkar to conduct an arty astro. What star identification number will you enter into the BUCS-R? a. 12 b. 13 c. 14 d. 15
 Item 43 The part of the IPADS that measures distance is the
 a. CPNU. b. CDU. c. BCU. d. PPA.
 Item 44 The IPADS component that provides regulated power to the system is the
 a. CPNU. b. CDU. c. BCU. d. PPA.
 Continued on next page
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MCI Course 0813C R-14 Review Lesson Examination
 Review Lesson, Continued
 Item 45 The IPADS has a 7.0-meter CEP with a _____ minute ZUPT.
 a. 5 b. 10 c. 15 d. 20
 Item 46 The tactical vehicle that surveyors use most is the
 a. HMMWV. b. JEEP. c. SUSV. d. UH-60.
 Item 47 The porro prism must be installed
 a. facing the front of the HMMWV. b. facing the rear of the HMMWV. c. after you install the IPADS. d. before you install the IPADS.
 Item 48 Once an IPADS survey is complete and the vehicle is shut down, if the
 vehicle is not moved, you can restart the IPADS with a ________ start. a. quick b. normal c. manual d. hot
 Continued on next page
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MCI Course 0813C R-15 Review Lesson Examination
 Review Lesson, Continued
 Item 49 If you cannot position the vehicle over the SCP, you must update the IPADS
 using a a. plumb bob. b. resection. c. theodolite. d. auto angles.
 Item 50 To quickly adjust a survey, you should use a
 a. plumb bob. b. theodolite. c. porro prism. d. auto reflection.
 Item 51 An adjusted IPADS mark point after update can be found in the ______ filter.
 a. mission b. mark c. SCP d. waypoint
 Item 52 The four major parts of the aiming circle are worm gear housing, telescope
 assembly, base plate assembly, and a. body assembly. b. compass. c. micrometer scale. d. reflector.
 Continued on next page

Page 338
						

MCI Course 0813C R-16 Review Lesson Examination
 Review Lesson, Continued
 Item 53 The component of the aiming circle that raises the line of sight and measures
 vertical angle is the a. azimuth scale. b. elevation knob. c. micrometer scale. d. reflector.
 Item 54 In order to center the plumb bob over the OS, you must move the
 ______________ of the aiming circle. a. upper motion b. recording motion c. lower motion d. base plate
 Item 55 When preparing the aiming circle for march order, you must elevate the
 instrument to about ______ mils. a. 100 b. 200 c. 300 d. 400
 Item 56 You are the instrument operator for survey team 2 and have just received an
 aiming circle back from repair. What must you do before using the instrument for survey operations? a. Record the time of receipt. b. Elevate to 300 mils. c. Declinate the instrument. d. Adjust the azimuth scale.
 Continued on next page
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MCI Course 0813C R-17 Review Lesson Examination
 Review Lesson, Continued
 Item 57 To ensure that you can conduct a proper declination, you must have an area
 that is a. free from magnetic attractions. b. open to all mobile traffic. c. large enough for a HMMWV. d. secure from enemy fire.
 Item 58 When declinating an aiming circle, the IO must set the known azimuth to the
 first azimuth marker with the _________ motion and then sight on the azimuth with the __________ motion. a. upper/recording b. upper/lower c. lower/recording d. lower/upper
 Item 59 The first step in conducting a mag check is to
 a. level the aiming circle over the EOL. b. unlock the magnetic needle and center to north c. set declination constant on horizontal scales. d. set up aiming circle over OS.
 Item 60 Survey teams will be tasked to conduct both position and ________ recon
 missions. a. route b. map c. libbo d. ambush
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MCI Course 0813C R-18 Review Lesson Examination
 Review Lesson, Continued
 Item 61 Collecting tactical data that will assist the S-3 in determining the usability of
 possible firing unit locations is the objective of a(n) _______ recon. a. area b. hasty c. position d. route
 Item 62 When preparing to conduct a position recon, you must consider the
 a. time. b. size. c. unit. d. weather.
 Item 63 Survey teams are often tasked with examining craters and shell fragments
 from enemy artillery. The purpose of this examination is to determine the direction of fire and ____________ of the enemy’s weapon. a. azimuth b. caliber c. location d. weight
 Item 64 The curvature template is used to determine
 a. angle of weapon. b. caliber of weapon. c. time of impact. d. propellant type.
 Continued on next page
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MCI Course 0813C R-19 Review Lesson Examination
 Review Lesson, Continued
 Item 65 When using the fuze furrow method to determine direction from a crater
 analysis, you will place a stake in the fuze furrow and one _____________ of the crater. a. on left side b. on right side c. in the center d. at the top
 Item 66 The type of crater analysis where you would use comm wire to strike an arc
 forward of the fuze furrow would be ________ method. a. fuze furrow b. center of crater c. ricochet d. side spray
 Continued on next page
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MCI Course 0813C R-20 Review Lesson Examination
 Review Lesson, Continued
 Answers The table below lists the answers to the review lesson examination items. If
 you have questions about these items, refer to the reference page.
 Item Number Answer Reference 1 d 1-7 2 a 1-7 3 b 1-9 4 c 1-14 5 a 1-15 6 d 1-17 7 a 1-26 8 b 1-32 9 a 1-36 10 c 1-39 11 b 2-4 12 d 2-11 13 d 2-19 14 a 2-23 15 c 2-27 16 b 2-30 17 c 3-5 18 b 3-7 19 a 3-8 20 d 3-14 21 c 3-15 22 b 3-17 23 a 3-20 24 d 4-4 25 c 4-9 26 c 4-17 27 b 4-27 28 a 4-30 29 b 4-36 30 c 4-39 31 b 4-42 32 b 5-7
 Continued on next page
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MCI Course 0813C R-21 Review Lesson Examination
 Review Lesson, Continued
 Answers, continued
 33 a 5-12 34 c 5-17 35 d 5-22 36 c 5-23 37 a 5-24 38 b 5-28 39 c 5-36 40 d 5-36 41 d A-3 42 b A-3 43 a 6-5 44 c 6-6 45 b 6-8 46 a 6-12 47 b 6-13 48 d 6-24 49 c 6-26 50 a 6-31 51 b 6-33 52 a 7-4 53 b 7-5 54 d 7-8 55 c 7-11 56 c 7-16 57 a 7-17 58 b 7-17 59 d 7-18 60 a 8-4 61 c 8-4 62 b 8-5 63 b 8-12 64 b 8-12 65 c 8-15 66 d 8-16
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