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This TSP


contains 


	TABLE OF CONTENTS

Page

	Preface
	
	2

	Lesson 1
	Section I.  -  Administrative Data
	3

	
	Section II.  -  Introduction
	5

	
	    Terminal Learning Objective
	5

	
	Section III.  -  Presentation
	5

	
	A  - Identify Characteristics of the TWS
	6

	
	B  - Electromagnetic Radiation theory
	9

	
	C - Describe the factors that influence thermal image optimization for target detection and recognition.
	12

	
	D - Identify the function of each system control.
	16

	
	E - Put the TWS into Operation
	23

	
	F - Correctly operate the Thermal Sight using all controls and indicators.
	26

	
	   G - Reticle range estimation
	30

	
	   H - Zero the TWS
	33

	
	    I - Correctly perform Preventive Maintenance

  Checks and Services on the TWS
	34

	
	J  - Engage targets with the TWS
	35

	
	    K – Qualify with the TWS
	35

	
	Section IV. - Summary
	

	
	Section V. - Student Evaluation
	36


Operate the AN/PAS-13B (TWS))
Effective Date: 5 December 2000

SECTION I.
ADMINISTRATIVE DATA


All Courses

course number
course title

Including This

 

Lesson                       



Task(s)
task number
task title
Taught or

Identify Characteristics of the TWS

Supported 

Electromagnetic Radiation Theory (ER)

Describe the factors that influence thermal image optimization for target detection and recognition.
Identify the function of each system control.
Put the TWS into Operation
Correctly operate the Thermal Sight using all controls and indicators.

Reticle range estimation.
Zero the TWS
Correctly perform Preventive Maintenance Checks and Services on the TWS
Engage targets with the TWS
Qualify with the TWS

Task(s)
task number
task title

Reinforced





Academic
The academic hours required to teach this course are as follows:

Hours




peacetime
mobilization



hours/ methods
hours/methods

Characteristics
30 min / L 
30 min / L 


ER Theory
30 min / L
30 min / L


Factors
30 min / L
30 min / L


Functions
5 hr / PE1
5 hr / PE1



Put in Operation
30 min / L
30 min / L



Operate                           30 min / L
30 min / L


Reticle range estimation
30 min / L
30 min / L


Zero the TWS
3 hr / PE2
3 hr / PE2


PMCS
15 min / L
15 min / L



Engage Targets
3 hr / PE3
3 hr / PE3

Qualification
3 hr / E1
3 hr / E1




*Total Hours
17.25 hrs Total
17.25 hrs Total



Test Lesson 
Hours
Lesson Number
Number
Testing:
.5



Review of



test results


Prerequisite
lesson number
lesson title

Lesson(s)

Qualify with the weapon the TWS will be mounted on. 


Clearance
There are no clearance or access requirements for this lesson.

and Access 



References

	number
	title
	date
	para

no.
	additional 

information

	TM 11-5855-312-10
	AN/PAS-13B

Operator’s and Unit

Maintenance Manual
	20 NOV 00
	All
	



Student

Study
NA

Assignments



Instructor
1-ITC instructor certified to teach the TWS

Requirements  4-Assistant instructors (AI’s must be Familiar with the weapon and TWS)



Additional
2-Personnel for target maintenance 

5-personnel for ammo point

Personnel
Necessary Range Personnel


Requirements
 

                          Thermal blankets for zero targets

Equipment
1 Motorola Radio
Computer w/win 95/98 / Vgt’s on Computer

Required
1 weapon per student 
1 AN/PAS-13B (V-2) per student (MTWS)


1 AN/PAS-13B (V-3) per Squad /Platoon

                                            Leader/ Machine gunner.                                                

Thermalized Range            InFocus Projector                                           
                         
Materials
instructor materials:
2 Cleaning Rods
Slides

Required


1 Staple Gun


1 Box of Staples
1-Range Flag


student materials:
1 set Hearing Protection per student

   

4 Magazines for M4/16 per student if applicable

   

1 Cleaning kit per student



2 Zero Targets per student



Classroom,
One classroom for 40 students, a 25 meter zero range, and a record fire

Training Area,
qualification range

and Range 


Requirements



Ammunition
Zero confirmation and Qualification rounds for weapon being mounted with the 

Requirements
TWS IAW FM 23-9,23-14,23-67.

Instructional

Before presenting this lesson, thoroughly prepare by studying this lesson and

Guidance
identified reference material. The prior day of training, the primary instructor will brief the chief instructor.


Proponent
NAME
Rank
    Position
   Date

Lesson
Shoemaker, Ron
SSG
Instructor
5 DEC 00
Plan
Cutshall, William
SSG
Instructor
5 DEC 00
Approvals         Baker, Gary                                 SSG             Instructor                5 DEC 00

                          Gonzalez, Jose                          SGT             Instructor                5 DEC 00
SECTION II. 
INTRODUCTION


Method of instruction: L/C/PE/E


Instructor to student ratio is: 1:40

Time of instruction: 5 min

Media used: Computer with in-focus projector and actual equipment


Motivator
Modern battles occur during the day and night, under various battlefield conditions. Being able to see during these conditions will increase a soldier’s chances of successful target engagement and survival.


Terminal
At the completion of this lesson you [the student] will:

Learning



	Objective
	Action:
	Qualify with the AN/PAS-13B (TWS)

	Conditions:
	Given a weapon using the TWS, 25M zero range, Thermalized 25m zero targets and a Thermalized                  Qualification range Day or Night.  

	Standard:
	Answer 14 of 20 questions on a written test.  Zero and Qualify the mounted weapon with the TWS IAW 

FM 23-xx AND TM 11-5855-312-10


Safety
Range OIC will give a safety briefing.  Range safety NCO will clear and  

Requirements 
inspect weapons when soldiers enter and exit the firing line. Range OIC 

will ensure that all range requirements are met, and all safety warning stated in the technical manual are enforced.  

 
Risk
MEDIUM (with live ammunition)
Assessment
LOW       (with blank or no ammunition)

Level



Environmental
NONE

Considerations


Evaluation
At the completion of the classroom instruction and practical exercise (PE), you will receive a practical exercise (PE) evaluation and a twenty question written test during which you must receive a go and score a minimum of 14 out of 20 questions in order to pass.  At the completion of the range instruction, you will have zeroed and Qualified with the TWS on the mounted weapon. 


Instructional
Up to this point you have trained and qualified with iron sights. Now you will 

Lead In 
learn how to increase your target engagement during low visibility by employing the AN/PAS-13B. 


SECTION III. 
PRESENTATION


A. ENABLING LEARNING OBJECTIVE A

TRANSITION:
Our primary objective will be to acquire the skills needed to mount and operate the TWS with selected weapons. Before we can effectively discuss TWS operation, it will be necessary to familiarize yourself with the TWS system and subassemblies, and associated safety hazards.

NOTE:  Prepare your slide with the characteristics of the TWS

	Action:
	Identify Characteristics of the AN/PAS-13B (TWS)

	Conditions:
	Given a TWS with a fresh battery

	Standards:
	Identify all eight components of the AN/PAS-13B 

IAW TM 11-5855-312-10


1. Learning Step/Activity 1: Characteristics of the TWS 

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media:  Computer with in-focus projector and Actual equipment

a. Safety Hazards:

1) Optical Material:
 Germanium, Cadmium, and Mercury; Moderately toxic when ingested or inhaled. Caution should be observed when handling optical assemblies; Optical elements might be broken. Be wary of splinters. Broken optics can produce small particles or dust which are easily inhaled. Hands should be thoroughly cleaned after handling assemblies if broken. 

2) Lithium Battery:
May release flammable or noxious gas if crushed, punctured, or otherwise mutilated; if brought into contact with water. Gas may cause a fire or injury to personnel. Possibility of violent venting

NOTE:
Avoid handling or carrying TWS by telescope, eyepiece, I/O connector, eyecup, objective lens cover, or battery cover latch. Any one of these may detach or break off from the system, or cause damage to the system.  

b. Equipment Data:


MWTS
HWTS

1) Length (inches)
15.50
18.00

2) Weight (lbs)
4.2
4.5

3) Height (inches)
6.25
6.25

4) Width (inches)
6.25
6.25

5) Power Consumption

ON Mode (watts)
8.1
8.1

STAND BY Mode (watts)
4.7
4.7

6) Battery Life

71% STAND BY Mode (hrs)
10
10

Emergency Mode (hrs)
4 to 4.5
4 to 4.5

7) Field Of View  (FOV)

Narrow (degrees)
6
3

Wide (degrees) 
18
9

(Field of view is halved in zoom)



8) Telescope Magnification

Narrow Field Of View (NFOV)
5.0
10

                            Wide Field of View (WFOV)               1.6                             3.3


     ( Telescope magnification is doubled in zoom mode)


                     9)   Effective Ranges viewing a man        1650 meters              2200 meters

c. Characteristics:
The TWS is a silent, lightweight, battery powered, high reliability and passive operation. The TWS operates with low power consumption.

d. TWS Purpose: Provide capability of day/night target detection and acquisition, such as bad weather, smoke, dust, camouflage and near or total darkness.

e. TWS Function: 

1) Thermal imaging system: Converts Thermal infrared light into a visual image

2) Provides selectable and adjustable reticles for aiming accuracy. 

3) Provides magnification for target detection and aiming accuracy. 

4) Allows operator adjustment of image display. 

5) Provides system status to operator.

f. Description:
 There are two models, medium (M4, M16A2/4, M249, M240B, & M136), and heavy (Squad Leader M16A2/4 and M4, M24, M2, & MK19). The thermal IR is received throughout the telescope, detected by the thermal IR sensor, converted to digital data, processed and then displayed for the user. Two functional groups compose it: the Telescope Assembly, and the Basic Sensor Assy. 


2. Learning Step/Activity 2: Components of the TWS 

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media: Computer with in-focus projector and Actual equipment

a. TWS Major Components and subassemblies:
1) Carrying Case: Is a soft cloth bag with straps to carry by hand or over shoulder; fits all TWS models, with storage compartments for: TM manual, two batteries, lens paper; lens cleaning compound, and weapon bracket. Note, when replacing TWS back into carrying case the TWS will go into the case with the cooling pins facing down and the Velcro strap secured.

2) Telescope: Collects and magnifies middle IR light, directing it into the basic sensor; provides two fields-of-view; provides manual focus control; automatically identifies telescope model and FOV setting to basic sensor assembly.

3) Eyepiece: Focuses raster and indicators to eye; provides diopter adjustment; provides system status display; provides hands-free standby/on switch and prevents light emission

4) Mount: Universal attachment interface between TWS and weapon bracket.

5) Weapon Bracket: Attachment interface between mount and weapon system. 

6)  Lens Cleaning Kit: Cotton pads and lens cleaner used to clean eyepiece and telescope lenses.

7) Transit/Storage Case: Hard case used for transportation and storage.


3. Learning Step/Activity 3: Cool down period 

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media: Computer with in-focus projector and Actual equipment

a. Purpose: Allows detectors to cool to operating temperature as fast as possible when TWS is initially turned on.

b. Indicator lamp test (flashing lamps) occurs during first 10 seconds

c. Normally requires up to 2 minutes after turn-on.


4. Learning Step/Activity 4: Modes of Operation 

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media: Computer with in-focus projector and Actual equipment

a. Standby mode: 

1) Purpose: Saves battery power when operator is not looking into TWS; keeps detector cooler while operating. 

2) 
Occurs when eyecup has not been depressed for at least 30 seconds, cool down period is over, and emergency mode is not activated.

b. On mode:

1) Purpose: Normal operation

2) Occurrence: 
Eyecup is depressed, cool down period is over, and emergency mode is not selected; requires 3 seconds to obtain clear raster image as system comes up to speed; system remains in on mode for 30 seconds after eyecup is released and then returns to standby mode.

c. Emergency mode:

1) Purpose: Keeps system in the"on" mode regardless of whether eyecup is depressed; provides immediate display of image

2) Occurs when EMERGENCY button is pressed, lights EMER indicator, cool down period must be complete.

3) Emergency mode should only be used when contact is expected. IE, Ambush,

MOUT and Defensive operations.                       

NOTE: The following portion of the class will consist of a demonstration of the TWS component locations. Identify the location of the various components.

NOTE:
Conduct a check on learning and summarize the enabling learning objective.

1.
QUESTION: What is the function of a thermal imaging system?

ANSWER:
To convert Thermal Infrared light into a visible image.

2.
QUESTION: What are the two models of TWS?


ANSWER:
a.
MTWS

b.
HTWS

3.
QUESTION'. What items are stored in a TWS carrying case?


ANSWER:
1)
Carrying case containing the following:




a)
TWS




b)
2 batteries






c)
TM






d)
Lens cleaning kit

e) Appropriate mounting bracket





2)
Applicable weapon mounts, brackets and spacers.

4.
QUESTION: What else does the telescope "tell' the basic sensor?


ANSWER: Telescope FOV

5.
QUESTION: What are the safety considerations when handling the TWS?

ANSWER:
Battery hazards and Optical materials

Are there any questions pertaining to this lesson?

1.
During this session, we discussed the TWS its functions, subassemblies, and the function, or functions, of each of these subassemblies, and the safety considerations of the TWS.

2.
TWS provides the capability of day or night target detection and acquisition, including adverse conditions. It comes in two models, each of which is used with different weapons. The difference between models is the telescope magnification and fields-of-views.

3.
Some of the hazards involved are serious. Proper observance of the procedures and safety precautions described in the Technical Manual will be sufficient to avoid injury to personnel or damage to equipment.

4.
Having discussed basic TWS system features, we now need to examine IR theory. In the next lesson, we will examine IR theory.


B. ENABLING LEARNING OBJECTIVE B

TRANSITION:
To operate the TWS, it is necessary to know the system theory of operation. This includes the related infrared, or IR, theory.

	Action:
	Explain the Electromagnetic Theory

	Conditions:
	Without any references

	Standards:
	Without errors IAW TSP-071-W-1313


1.
Learning Step/Activity 1:  Thermal Imaging Concept
Method of instruction: Lecture  

Instructor to student ratio is: 1:40

Time of instruction: 10 min

Media: Computer with in-focus projector and Actual equipment
a. Converts IR energy radiated by objects within system FOV into a visible image

1) Senses and measures middle IR radiation within system FOV

2) Creates video image suitable for viewing

b. Passive system

1) Does not emit, or send out, signals of any kind

2) Only collects middle IR light from field-of-view

c. Ignores visible light input - only allows IR imagery to be seen by operator

d. Versatile

1) Effective 24 hours a day

2) Enhances vision during poor visibility conditions

3) Able to see camouflaged objects


2.
Learning Step/Activity 2: Light Theory 
Method of instruction: Lecture  

Instructor to student ratio is: 1:40

Time of instruction: 10 min

Media: Computer with in-focus projector and Actual equipment
a. Thermal Infrared light is not visible to eye

b. Thermal Infrared light does not pass through glass very well

c. Transmission and absorption by atmosphere

d. Transmission and absorption by various obscurants 

3.
Learning Step/Activity 3: Attenuation of Light 
Method of instruction: Lecture  

Instructor to student ratio is: 1:40

Time of instruction: 5 min

Media: Computer with in focus projector and Actual equipment
a. Attenuation: Reduction in strength or intensity; degradation

b. Attenuation by Other Obscurants: If smoke, haze, or dust is in the air between you and an object, your vision can be hindered or blocked depending on its density.


4.
Learning Step/Activity 4: IR Radiation Sources  
Method of instruction: Lecture  

Instructor to student ratio is: 1:40

Time of instruction: 10 min

Media: Computer with in focus projector and Actual equipment
a. Solar Energy:

1) Sun emits energy across entire electromagnetic spectrum

2) Energy is radiated thru earth’s atmosphere and encounters surface objects

3) Some energy is absorbed by surface objects

4) (Depending on radiant quantities of each object)

5) Some of this energy is stored as heat (thermal energy)

6) Even after sun sets, thermal energy remains

b. Heated Objects:

1) Besides radiation1 thermal energy within an object can also be absorbed through conduction and convection

2) Temperature of object depends on thermal energy within object

3) Heated objects emit IR radiation

c. Emissivity 

 Different materials have different emissivities.
Show Transparency and point out various emissivity examples.

d. IR Radiation Intensity:  Intensity of IR radiation from an object depends on two factors

1) Amount of thermal energy (heat)

2) Emissivity of object

NOTE:
Conduct a check on learning and summarize the enabling learning objective.

1. QUESTION: 
Why is infrared light able to be detected even when there is no visible light?

ANSWER: 
All objects that have heat (above absolute zero) emit Infrared light.

2. QUESTION: 
Would a TWS be able to look through a windshield to see a person inside?

ANSWER: 
Perhaps. Some IR light will be transmitted, however most IR light used by the TWS will not pass through glass.

3. QUESTION: 
If you are having trouble seeing through some obscurant in the air visibly, will a TWS have trouble also?

ANSWER: 
Probably not as much trouble. Maybe the TWS will have no problem seeing, or maybe it will just see a little better than visibly. It depends on the size of the particles making up the obscurant

4. QUESTION: 
How is a TWS different from an image intensifier?

ANSWER: 
The TWS can be used during daytime. It uses IR light in order to develop an image. An image intensifier relies on available visible light of which there may not be enough in the some situations.

5. QUESTION: 
Will an object that looks bright visibly look bright to a TWS?

ANSWER:
Not necessarily. It depends on the emissivity of the object and the temperature of the object relative to its surroundings.

SUMMARY:

In this lesson, we discussed thermal infrared light. We saw that, since all objects emit thermal IR light, it can be used as a means of detecting the presence of those objects. This permits a “passive” detection system, one that does not need an external source to illuminate the target object. However, it also requires a sophisticated detection system, such as the TWS. As we have seen, the optics used for thermal imaging systems do not generally transmit visible light. We discussed the differences between visible and IR light, how light is affected by the atmosphere and obscurants, and the two factors that determine the intensity of IR radiation from an object - temperature and emissivity.


C. ENABLING LEARNING OBJECTIVE C

TRANSITION:
The modern battlefield can consist of many obscurants such as dust, smoke, fog, and rain. Battles can take place day or night. Knowing the factors that influence a thermal image under these varying conditions is essential for successful operation.

	Action:
	Describe the factors that influence thermal image optimization for target detection and recognition.

	Conditions:
	Without any references

	Standards:
	Without errors IAW TSP-071-W-1313


1. Learning Step/Activity 1: 
 Optimization Goals


Method of instruction: Conference

Instructor to student ratio is: 1:40

Time of instruction: .10 Min

Media: Computer with in-focus projector and Actual equipment
a. Target Detection

1) ID an object from its background and considering it as a potential target

2) When searching a thermal image for potential targets, use a structured approach

b. Target Recognition

Assignment of detected object to specific subclass (e.g. tank, personnel carrier)

c. Thermal Signature

1) Fuel combustion creates heat (up to 200 0F) that is conducted and converted to different parts of vehicle

a) Engine compartment

b) Exhaust pipes and vents

c) Heated personnel compartments

2) Frictional heat is created by moving parts

a) Tracked vehicles - tracks, road wheels, drive sprockets, support rollers, and shock absorbers

b) Wheeled vehicles - tires, wheels, shook absorbers, drive shafts, transmissions, axles, and differentials


2. Learning Step/Activity 2: 
Visual vs. Video Thermal Images 


Method of instruction: Conference

Instructor to student ratio is: 1:40

Time of instruction: .10 Min

Media: Computer with in-focus projector and Actual equipment
a. Resolution

1) Video is less clear than direct visual

2) Thermal imaging systems images are even less clear

b. Color vs. Heat

1) Eyes use colors and shades

2) Black and white visual images: shades of gray represent brightness of colors

3) Black and white TWS thermal images: shades of white represent intensity of thermal IR light

c. Visual brightness vs. thermal image brightness

1) Objects that are bright visually are not necessarily bright in thermal imagery

2) Visual brightness depends mainly on

a) Color

b) Object visual reflectance

c) Intensity of visual light sources

3) Thermal image brightness depends mainly on

a) Object temperature and emissivity

b) Intensity and duration of energy sources effecting object temperature

c) Contrast, brightness, and polarity settings

NOTE:
Briefly explain polarity (white hot vs. black hot)

d. Glass (windows, headlights, etc)

1) Does not transmit thermal IR light very well

2) Will tend to look cool unless:

a) Glass is heated

b) Glass is reflecting IR energy from object(s) radiating higher intensity

e. Shadowing (A thermal image left temporarily by an object that is no longer there) will not be as noticeable unless objects have been stationary long enough for shadowed surfaces to cool down

f. Video image will have no depth perception due to monocular optics

g. Interpretation of thermal image comes with experience and practice


3. Learning Step/Activity 3: 
Effects on Radiation 


Method of instruction: Conference

Instructor to student ratio is: 1:40

Time of instruction: .10 Min

Media: Computer with in-focus projector and Actual equipment
a. Geometric Effects on Radiation

1) Viewing angle affects appearance of thermal signature

2) View flat sided targets at angles as close to perpendicular as possible

b. Physical Effects on IR Radiation

1) Atmospheric Turbulence (Scintillation)

a) Twinkling or shimmering

b) Affects line-of-sight through air near heated surfaces (such as air above a road heated by sunlight)

c) Affects stability and clarity of image, i.e. may cause image to appear to move or be unfocused

d) To avoid atmospheric turbulence, move to higher position if possible

2) Wet Weather (fog, clouds, snow, rain, mist)

a) Significant effect on TWS imagery

b) Cools down objects

c) 
Fog
or clouds

(1) Very poor transmittance

(2) Only slightly better than visibility with naked eye

d) Rain

(1) 
Light rain

-slight degradation

(2) 
Medium rain

-medium degradation

(3) Cloudburst

-heavy degradation

3) 
Other Effects

a) Overcast sky

(1) Reduces solar energy absorbed by objects

(2) Surface temperatures tend to become equal causing reduced contrast

b) Particulate (Dust, haze, smog, smoke)

(1) Causes degradation of TWS image

(2) Depends on size and concentration of particles

c) High humidity also causes degradation

d) Surface reflections can cause deceptive TWS imagery

(1) Smooth, glossy surfaces (e.g. windows, mirrors, still water) can produce strong reflections of IR light from other sources

(2) Generally not a problem, but if occurs can be deceiving

(3) “Crossover points” occur in the morning (6am) and afternoon (4pm) 

when motionless objects (objects not generating their own heat such as rocks, trees, grass, ect) approach the same temperature. During the day objects absorb heat (insolation), during the night objects re-radiate heat. To minimize the effects of the Diurnal cycle increase contrast.                                        

NOTE:
Conduct a check on learning and summarize the enabling learning objective

1.
QUESTION: What are the sources of the thermal cues used to recognize thermal image target vehicles'?

 
ANSWER:
a.
Combustion sources such as engine compartment, exhaust system, heated personnel compartments

b.
Frictional sources such as wheels shock absorbers, tracks, etc.

2.
QUESTION: What atmospheric processes contribute to degradation of the image in an IR image?

ANSWER:
Attenuation and atmospheric turbulence.

3.
QUESTION: In what ways does an overcast sky affect thermal imagery?


ANSWER:
a.
Objects receive less solar energy





b.
Reduction in image contrast.

4.
QUESTION: Is there any shadowing in a thermal image?

ANSWER:
Yes; however it is less noticeable. Shadows also require relatively long amounts of time to appear and disappear as the shadowed material heats or cools.

SUMMARY

In this lesson, we briefly discussed the differences between visual images and video thermal images, characteristics of radiant energy, and geometric and atmospheric effects on IR radiation. 

Transition
We will now turn our attention to the specific controls and indicators of the TWS system, which allow you to optimize the thermal image.


D. ENABLING LEARNING OBJECTIVE D

TRANSITION:
For effective operation of the TWS system, it is important to know the function of all controls and indicators. In this lesson we will be discussing the TWS controls and indicators. Our primary objective will be to acquire the skills needed to operate the TWS using all its controls and indicators.

NOTE:
STUDENTS WILL EMULATE THE ACTIONS OF THE INSTRUCTOR DURING DEMONSTRATION AND EXPLANATION OF THE MAJOR COMPONENTS.

	Action:
	Identify the function of each system control.

	Conditions:
	Given a TWS and TM  11-5855-312-10

	Standards:
	In according with procedures contained in TM  11-5855-312-10

	
	


1. Learning Step/Activity 1: 
 Controls


Method of instruction: Conference

Instructor to student ratio is: 1:40

Time of instruction: .30 Min

Media: Computer with in-focus projector and Actual equipment
a. CONTRAST Control

1) Rotary switch with AUTO detent position (fully cw)

2) Function

a) Like TV contrast

b) Adjusts contrast of thermal image displayed on raster

c) Automatic and manual modes

d) The higher the contrast, the greater the difference in intensity between different objects

3) Operation

a) Normal environmental conditions: AUTO

b) Adverse conditions may warrant manual setting

c) When intensity difference between objects in desired image area is not very pronounced, contrast should be increased


b. EMERGENCY switch

1) Momentary push-button located at top front of TWS

2) Overrides eyecup standby/on switch to turn system on and places system in emergency mode

3) Emergency mode:

a) System is fully powered and will not turn off until EMERGENCY switch is depressed again

b) Eliminates 3-second delay for image to become clear in "ON" mode

4) Press and release to toggle between emergency and standby or on modes

5) Use of emergency mode will decrease battery life by 2/3


c. BRIGHTNESS control

1) 
Rotary switch with OFF detent position [fully counter-clockwise (ccw)]

2) Function

a) Turns system on or off

b) Adjusts brightness of eyepiece display (raster and indicators)

c) Raster image and reticle will show equal amount of increase/decrease in brightness

d) The lower you set the brightness, the more you increase the resolution.

The higher the brightness, the lower the resolution.

3) Operation

a) Set TWS to standby mode by turning knob fully clockwise (cw) out to OFF position

b) Brightness increases with clockwise rotation 

c) OFF is actuated by pushing and turning knob ccw to OFF position

4) Best setting depends on polarity and environmental conditions


a) White hot

(1) If environmental conditions cause IR image to be too dark, BRIGHTNESS may need to be turned up

(2) 
On a clear bright day, brightness may need to be turned down

                                   (3) When the TWS is turned on, default is white hot

b) Black hot - Reacts opposite to white hot


d. Focus Ring

1) Located on telescope

2) Function

a) Adjusts telescope focus (range: 20m to infinity) Man size and recognize MTWS=1650, HTWS=2200

b) Critical for target image - Other controls cannot compensate for out-of-focus image

c) Manual adjustment - no auto mode

d) Affects both FOVs simultaneously

e) Once you have the telescope focused you only need to move the focus

ring 180 degrees. If you either way adjust more than 180 degrees, either way the objective focus ring will not continue to change the focus

3) Slight adjustment may be necessary when changing from WFOV to NFOV

e. FOV (field-of-view) Ring

1) Levered ring on telescope

2) Function

a) Selects WFOV (low magnification) or NFOV (high magnification)

b) Changes reticle to match selected FOV

3) Usual settings

a) WFOV: Target detection

b)  NFOV: Target recognition and engagement


f. ZOOM/RETICLE SELECT switch

1) Momentary and direct push-button located on side of housing

2) Function

a) Toggles the zoom and controls selection of reticles

b) All reticles are available

c) Reticle FOV selection is automatic

3) Zoom operation

a) Press and release quickly to change from normal to x2 zoom

b) When zoom is activated, the FOV is cut in half and magnification is doubled

c) Zooms in on the reticle, regardless of the reticle location within the FOV

d) Press and release quickly to change back to normal. Note: if the reticle is adjusted off of the WFOV the x2 zoom will stay adjacent to the exit point of the reticle on the WFOV.

4) Reticle select operation

e) Must be held for 5 seconds until reticle select appears on raster to enable reticle changes

f) After being held for 5 seconds release button to cycle to next available reticle

g) Press and release button to continue cycling through available reticles

h) Disabled after 10 seconds of inactivity

g. RETICLE ADJUST switch

1) Four-position momentary switch located on side of housing

2) Function

a) Adjusts reticle aiming features in azimuth and elevation

b) Used during zeroing of TWS

3) Operation

a) Must be held for 3 seconds to enable position changes

b) After being held for 3 seconds, each press moves reticle aiming features by one increment

c) Disabled after 10 seconds of inactivity. Note: To activate you must hold switch up, down, left or right but not directly in.

h. Reticles

1) Different depending on TWS model heavy or medium, FOV, and weapon system

a) All reticles are available. You must toggle until the desired reticle is selected

b) Reticles corresponding to individual weapons are selected using RETICLE SELECT switch

c) FOV setting automatically determines reticle type (WFOV or NFOV) for weapon selected

d) TWS must be out of zoom mode in order to read the Reticle Select Indicator is displayed (in the upper right hand corner.).

2) Reticles are always brighter than thermal image for any brightness setting

3) Reticle indicators

a) Reticle indicators are fixed and will not move when aiming features of reticle are adjusted during zeroing

b) Reticle Select Indicator: indicates type of reticle selected

(1) 
MTWS reticles available; M16, M136, M249, M240 (WFOV & NFOV).  The M4 uses the M16 reticle and the M60 uses the M240 reticle

(2) HTWS reticles available; M2 (WFOV & NFOV), MK19 (NFOV), M24 (NFOV), M16 (squad leader's M16 WFOV), 5 MIL (WFOV for M24 and MK19), 1 MIL (NFOV for squad leader's M16)

c) Azimuth and Elevation Indicators 

(1) Azimuth indicator: Number of increment reticle is left (L) or right (R) from center default position.

(2) 
Elevation indicator: Number of increments reticle is up (U) or down (D) from center default position

d) 
FOV Indicator:

(1) M249, M240, M16, M136, M2, M24 and MK19

(2) Wide (W) or narrow (N)

e) NFOV Area Indicators:

(1) WFOV reticles only

(2) Indicates image area that will be magnified by NFOV

3) Reticle Adjustment

a) RETICLE ADJUST control

b) Only aiming features and artillery grid patterns are affected

i. BLK/WHT polarity switch

1) Momentary push-button located at rear of housing

2) Function

a) Selects polarity of thermal image displayed on raster

b) Toggles between white hot (WHT) or black hot (BLK)

3) Operation

a) System initializes to WHT HOT

b) Press to toggle between white hot and black hot

c) Operator experience and personal preference determines best setting

4) Polarity Effects

a) Target Appearance

(1) Potential target usually have features with high temperature and/or emissivity

(2) Vehicle: engine compartments, exhaust, moving parts, heated compartments

(3) People: skin

b) White hot

(1) Objects radiating more thermal IR light are brighter

(2) 
Potential targets will usually have some bright features

(3) In general, better for detection

· Hotter objects are displayed in white and cooler objects are displayed in black

· Eye is usually drawn to bright objects may not be best if background is very hot

c) Black hot

(1) Objects radiating less IR light are brighter

(2) 
Potential targets will usually have some dark features

·   Hotter objects are displayed in black and cooler objects are

        Displayed in white

j. Diopter Focus Ring

1) Adjusts focus of raster and indicators to operator's eye

2) Range: +2 to -6 diopters


2. Learning Step/Activity 2: 
Indicators and Display


Method of instruction: Conference

Instructor to student ratio is: 1:40

Time of instruction: .10 Min

Media: Computer with in-focus projector and Actual equipment
a. Status Indicators (located on raster) 

[image: image9.jpg]



1) Not COOL: Illuminated when detectors are not cool enough for proper operation

2) WHT HOT/BLK HOT: Indicates polarity

3) EMER: Illuminated during emergency mode

4) LOW:

a) Indicates that battery power is low

b) Becomes illuminated when approximately 15 minutes of useful power is left

                            c) Note: When using the BB-2847 rechargeable battery, once the battery falls 

                                   Below 4VDC the low battery indicator may never come on. When using the BA-5347 the battery low indicator will come on.

b. Cool down Period Indications

1) Eyecup depressed

(a) "Not COOL" indicator is lit

(b) Polarity, EMER, and LOW battery indicators function normally

(c) No raster, system cooling

2) (a) Eyecup not depressed: indicators and raster not on.

(b) When eyecup is released the CRT always shuts off

c. Operating Mode Indications

1) On Mode Indications

a) Eyecup depressed:

(1) EMER indicator is not lit

(2) 
Other indicators function normally

(3) Raster takes approximately 3 seconds to form clear image initially, then functions normally

b) Eyecup not depressed: indicators and raster not on.

2) Display Raster

a) Displays thermal image with superimposed reticle

b) Provides high visual acuity without disrupting operator’s night vision adaptation

c) 3-second delay for clear image after eyecup is depressed in "ON" mode

From stand by mode.

3) Emergency Mode Indications

a) EMER 'indicator is lit

b) Other indicators function normally

c) Raster functions 

                            d) There is no longer a 3 sec delay when eyecup is depressed

3. Learning Step/Activity 3: 
Individual Reticle Features 


Method of instruction: Conference

Instructor to student ratio is: 1:40

Time of instruction: .10 Min

Media: Computer with in-focus projector and Actual equipment
a. Reticle aiming features

1) Angular Measurements Using Zeroing Aim Features for MWTS WFOV

2) Angular Measurements Using Zeroing Aim Features for MWTS NFOV & HWTS WFOV

3) Angular Measurements Using Zeroing Aim Features for HWTS NFOV

b. Individual reticles

NOTE: 
Show Transparencies with reticles, and briefly point out the individual features of each reticle.

NOTE:
Conduct a check on learning and summarize the enabling learning objective

Questions for students to answer:

1. 
QUESTION: What is the function of the BRIGHTNESS control?

ANSWER:
In the “OFF” position, no power is applied to the TWS circuitry. Pushed in and Turned cw beyond OFF, the TWS is powered and display brightness can be adjusted.

2.
QUESTION: Describe the control operation required to put the TWS into each operating mode: standby, on, and emergency.

ANSWER: 
Standby mode - Turn BRIGHTNESS control knob in and cw from the OFF detent, system enters standby mode after cool down period ends.

On mode - Press the eyecup when the TWS is in the standby mode.

EMERGENCY mode - Press the EMERGENCY switch when TWS is in standby or on mode.

3.
QUESTION:
Does the telescope focus need to be changed when switching FOVs?

ANSWER: 
It may be necessary

4.
QUESTION: 
When the polarity is set to black hot, which will appear brighter on the displayed thermal image - hot or cold objects?

ANSWER: 
Cold objects. Hot objects will appear black (darker).

5.
QUESTION:
How do you select a specific available reticle on TWS?

ANSWER:
While viewing the display, press the ZOOM/RETICLE SELECT switch for at least 3 seconds, then release to cycle to next available reticle. Press and release again to keep cycling through reticles.

6.
QUESTION:
How much battery life is left when the low battery indicator becomes illuminated?

ANSWER: 
Approximately 15 minutes.

7.
QUESTION: 
What is the purpose of the emergency mode?

ANSWER: 
The emergency mode keeps the TWS fully powered and eliminates the 3 second delay when going from standby to the on mode.

8.
QUESTION: 
When adjusting the reticle, which parts of the reticle actually move?

ANSWER:
Only the aiming features.

9.
QUESTION: 
What do the numbers on the reticle azimuth and elevation represent?

ANSWER: 
The number of increments the reticle is positioned away from the center default position.

10.
QUESTION:
The ZOOM/RETICLE SELECT and RETICLE ADJUST controls are disabled after how many seconds of inactivity?

ANSWER:
10 seconds.

Are there any questions pertaining to this lesson?

PRACTICAL EXERCISE:

The following set of instructions is to be read to the class:

1.
Refer students to TM 11-5855-312-10 par. 2-1 during PE

2.
Remind students to observe all warnings, cautions and NOTE in the manual.

3.
The following portion of the class will consist of a practical exercise. Each student must have a chance to operate the TWS controls.

4.
To be sure this is done, I want you to cycle through the operator's position with one student operating the controls while another quizzes the operator asking the name, function, etc. of each control or indicator covered in the lesson.

SUMMARY:

1.
During this lesson, we identified all TWS controls and indicators and discussed their functions.

2.
We learned that the BRIGHTNESS control turns the TWS system on and off, as well as adjusts the brightness of the raster. Normally, the system is in the standby mode when the eyecup is not depressed, and in the 1'ON'1 mode when the eyecup is depressed. The EMERGENCY switch is used to override the eyecup standby/on switch during time-critical situations.

3.
There are several reticles available in each TWS model. The available reticles are dependent on the telescope. The reticle type (WFOV or NFOV) is automatically selected according to the FOV ring setting.


E. ENABLING LEARNING OBJECTIVE E

TRANSITION:
The skills required for mounting and dismounting the TWS on selected weapons is essential for fast and effective use during combat situations. Regular practice of these procedures will help the student retain the skills obtained in this lesson. After this lesson, you will be able to mount and dismount the TWS on selected weapons.

	Action:
	Put the AN/PAS-13B into Operation

	Conditions:
	In a classroom, given an AN/PAS-13B with BB-2847 battery, device with battery, selected supported weapons, applicable mounts and brackets.

	Standards:
	Put the TWS into Operation IAW TM 11-5855-312-10

	
	


1. Learning Step/Activity 1: 
Put the TWS into Operation 


Method of instruction: PE-1

Instructor to student ratio is: 1:40

Time of instruction: .5 hrs

Media: Computer with in-focus projector and Actual equipment
a. M16A2 

1) Ml6 Mounting Bracket: Threaded rod and thumbwheel - secures bracket to weapon handle

WARNING 
Ensure weapon is not loaded and safety is on before mounting or dismounting TWS. Weapon may accidentally discharge while mounting or dismounting TWS. Causing injury or death. No spacer will be attached to the TWS.

NOTE:
Show Transparency, discuss and demonstrate mounting and dismounting TWS on M16A2. Have students read each step in TM.

2) Mounting TWS on M16 Mounting Bracket

3) Dismounting TWS from M16 Mounting Bracket

b. M4 and M16A4 Series

NOTE:
Show Transparency  "Mounting TWS on M4"; discuss and demonstrate mounting and dismounting TWS on M4. 

1) Mount spacer onto TWS

2) Mount TWS on M4: No bracket is required for mounting TWS to M4

3) Dismounting TWS from M4

c. M249 

1) The following procedures are to be used only for those M249 series weapons with the integrated feed tray cover.

a. The MTWS must be mounted on the 5th notch counting away from the rear sight assembly. If it is mounted higher than the 5th notch the MTWS will interfere with the use of the carrying handle and the feed tray cover staying opened for reloading another belt of ammunition. If the MTWS is mounted lower than the 5th notch then the MTWS will not seat properly because of the rear sight assembly.

WARNING 
Ensure weapon is not loaded and safety is on before mounting or dismounting TWS. Weapon may accidentally discharge while mounting or dismounting TWS causing injury or death.

NOTE:
Show Transparency, discuss and demonstrate mounting and dismounting on M249. 

2) Install MTWS on rail.

3) Dismounting MTWS from M249

d. M249 with M249 bracket

NOTE:
Show Transparency  "Mounting MTWS on M249 with M249 bracket"; discuss and demonstrate mounting and dismounting procedures. 

1) Install MTWS hinge pin. (para 2-8.6, page 2-72)

NOTE:       TWS hinge pin can be utilized with or without the TWS.  If bracket to be used on a  


 Different M249 series, replace MTWS hinge pin with M249 hinge pin. 

NOTE:
Remove shipping plug from threaded hole of feed tray cover.

2) Loosen thumbscrew.

3) Place grooves of bracket over ends of MTWS hinge pin and lower bracket on feed tray cover of M249 series.

4) Install bolt of bracket into threaded hole of feed ray cover.  Hand tighten thumbwheel.  Hand tighten thumbscrews on bracket.

5) Lower carrying handle

CAUTION 
When raising or lowering feed tray cover with TWS installed, avoid slamming TWS into heat shield or slamming feed try cover closed.

6) Install MTWS on rail.

7) Dismount the MTWS and M249 bracket.  Remove MTWS from M249 bracket.

8) Remove M249 bracket from M249.

9) Install M249 hinge pin. 

 e.        M240B 

WARNING 
Ensure weapon is not loaded and safety is on before mounting or dismounting TWS. Weapon may accidentally discharge while mounting or dismounting TWS causing injury or death.

NOTE:
Show Transparency, discuss and demonstrate mounting and dismounting on M240. 

                 1) Ensure iron sight is completely down

                 2) Install the MTWS to the M240

   a. The MTWS must be mounted on the 4th or 5th notch counting away from the rear sight assembly. If it is mounted higher than the 5th notch the MTWS will interfere with the use of the carrying handle and the feed tray cover staying opened for reloading another belt of ammunition. If the MTWS is mounted lower than the 4th notch then the MTWS will not seat properly because of the rear sight assembly.

                 3) Dismount the MTWS from the M240

f. M2 Machine Gun

WARNING 
Ensure the headspace and timing on the weapon is set before mounting TWS. Weapon may lose its zero once the mounting bracket is removed.
NOTE:
Show Transparency, discuss and demonstrate mounting and dismounting HTWS on M2 machine gun. 

1) Fold rear sight forward to storage position.

2) Release cover latch at side of cover and fully raise cover.

3) Mount M2 bracket on M2 machine gun.

4) Slide bracket over breech of receiver group and slide rearward until it stops.

5) Secure the bracket by pushing the three locking cams.
NOTE:      The side cam must be locked first, then finish securing the bracket by pressing on

 the top two cams at the same time. 

6) Lower cover until cover latch engages.

7) Loosen locking knob and swing range lever to NEAR position.  Hand tighten knob.

8) Install HTWS on rail.

9) Dismount HTWS from M2 machine gun.  Remove HTWS from M2 machine gun.

10) Release cover latch at side of cover and fully raise cover.

11) Remove M2 bracket from M2 machine gun.

12) Lower cover until cover latch engages.

g. MK19 Machine Gun   

WARNING 
Ensure weapon is not loaded and safety is on before mounting or dismounting TWS. Weapon may accidentally discharge while mounting or dismounting TWS causing injury or death.

NOTE:
Show Transparency, discuss and demonstrate mounting and dismounting HTWS on MK19.  Ensure MK19 machine gun has been modified to accept TWS bracket.  

1) Ensure rear sight is completely down

2) Raise arm of MK19 bracket to uppermost position (2057 meters)
3) Install MK19 bracket on MK19 machine gun.

4) Install HTWS on rail.

5) Dismount HTWS from MK19 machine gun.  Raise arm of MK19 bracket.

6) Remove HTWS from rail.

7) Remove bracket from mount.

h. M136 Rocket Launcher

WARNING 
Ensure weapon safety is on before mounting or dismounting TWS. Weapon may accidentally discharge while mounting or dismounting TWS causing injury or death.

NOTE:
Show Transparency, discuss and demonstrate mounting and dismounting MTWS on MK136.  

1) Position M136 bracket on left side of M136 rocket launcher and the marking “FRONT” over the rear sight housing.

2) Spread pivot bracket open.  Place top of support bracket on rear sight housing and bottom of support bracket against shoulder strap boss.

3) Swing pivot bracket around M136 rocker launcher and secure by turning the locking latch clockwise to engage latch shoulder screw.

4) Install MTWS on rail.

5) Dismount MTWS form M136 rocket launcher.  Remove MTWS from rail.

6) Turn locking latch counterclockwise until released from latch shoulder screw.

7) Remove M136 bracket from M136 rocket launcher.

PRACTICAL EXERCISE:

NOTE:
Issue a TWS Mounting and Dismounting Practical Exercise Checklist to each student.

1.
Explanation to student

a.
During this practical exercise you will practice performing TVVS mounting and dismounting procedures.

b.
Observe all warnings, cautions, and NOTES in the TM, as well as all range procedures, and common safety practices.

c.
If you have no questions, you may begin the exercise.

SUMMARY:

In this lesson, we discussed and performed mounting and dismounting procedures for the TWS for selected weapons


F. ENABLING LEARNING OBJECTIVE F

TRANSITION:
Proper operation of the TWS is essential for fast and effective use during combat situations. Regular practice of these procedures will help the student retain the skills obtained in this lesson. After this lesson, you will correctly operate the TWS using alt controls and indicators.

	Action:
	Correctly operate the Thermal Sight using all controls and indicators.

	Conditions:
	In a classroom, given a AN/PAS-13B with battery, selected supported weapons

	Standards:
	In accordance with procedures contained in 
TM 11-5855-312-10.

	
	


1. Learning Step/Activity 1: 
Installation / Removal of Battery  


Method of instruction: PE-1

Instructor to student ratio is: 1:40

Time of instruction: 10 Min

Media: Computer with in-focus projector and Actual equipment
WARNING 
Do not crush, puncture, or otherwise mutilate battery. Avoid bringing lithium battery into contact with water. Flammable or noxious gas may be released that may cause a fire or injury to personnel. Turn battery in to unit maintenance for disposal.

NOTES:
Show Transparency "Installation / Removal of Battery”. Discuss and demonstrate the installation/removal of battery procedure. Have students read each step in TM. Emphasize battery vents away from operator. The BA-5347 is the go to war battery.  The BB-2847 is a rechargeable training battery. A fully charged BB-2847 will provide 4 to 4.5 hours of continuous operation under ambient temperature conditions. The BB-2847 will discharge rapidly once the output voltage falls below 4 VDC. The low batt indicator may never be seen on the raster.

1) Installation of Battery 

2) Removal of Battery 

2. Learning Step/Activity 2: 
Operate the TWS

Method of instruction: PE-1
Instructor to student ratio is: 1:40
Time of instruction: 30 Min
Media: Computer with in-focus projector and Actual equipment
a. Operating Procedures (Par 2-9)

NOTE:
Discuss and demonstrate the operating procedures Have students read each step in TM.

b. Operational Notes

NOTE:
Show and discuss Transparency "Operational Notes”

3.  Learning Step/Activity 3: 
Operation Under Unusual Conditions 


Method of instruction: PE-1

Instructor to student ratio is: 1:10

Time of instruction: 10 Min

Media: Actual equipment
a. Operating in Inclement Weather / Environment (Par 2-14)

NOTE:
Show Transparency “Operation in Extreme Cold and Heat"

1) Extreme Cold (Para2-14.1)

2) Extreme Heat (Par 2-14.2)

NOTE:
Show Transparency “Operation in Rain, High Humidity, or Salt Water”

3) Rain or Humidity (Par 2-14.3)

WARNING
Avoid bringing lithium battery into contact with water. Lithium reacts with water to produce hydrogen gas. Hydrogen gas may catch fire or explode, causing injury to personnel or damage to equipment.

4) Salt Water (Par 2-14.4)

WARNING
Avoid bringing lithium battery into contact with water. Lithium reacts with water to produce hydrogen gas. Hydrogen gas may catch fire or explode, causing injury to personnel or damage to equipment.

NOTE:
Show Transparency "Operation in Dust, Sand, or Mud"

5) Dust or Sand (Par 2-14.5)

6) Mud (Par 2-14.6)

b. Fording and Swimming (Par 2-15) 

NOTE:
Show Transparency "Fording and Swimming”


4.  Learning Step/Activity 4: 
 Nuclear, Biological, and Chemical (NBC) Decontamination 

Method of instruction: PE-1

Instructor to student ratio is: 1:10

Time of instruction: 10 Min

Media: Actual equipment
NOTE:
Show Transparency "NBC Decontamination". Discuss the nuclear, biological, and chemical (NBC) decontamination procedures. Have students read each step in TM.

NOTE:
Conduct a check on learning and summarize the enabling learning objective

1. QUESTION: What TWS components are not meant to be handles?

ANSWER: The eyecup, objective lens cover, and battery door latch

2. QUESTICN: How long should it take for the detectors to cool down upon initial turn-on?

ANSWER:
2 minutes or less.

3. QUESTION: Will placing the TWS in the emergency mode override the cool down period?

ANSWER:
No. Cool down cannot be by passed.

4. QUESTION: Once the eyecup is released in the “on” mode, how long will it take for the TWS to enter the “standby” mode?

ANSWER: 30 seconds

5. QUESTION: What steps can be taken to prevent fogging and frosting of the lenses?

ANSWER: 

a. Avoid exposure to moisture.

b. Coat lenses with lens solution, shake off excess, and allow drying.

6. QUESTION: If telescopes are swapped during combat situations, what might happen to the TWS reticles?

ANSWER:

a. Reticles might not be zeroed.

b. If different model telescope, available reticles will be different.

Are there any questions pertaining to this lesson?

PRACTICAL EXERCISE:
SUMMARY:


With the basic skills necessary for TWS operation, we must now turn our attention to zeroing and sight aligning the TWS to weapons.


G. ENABLING LEARNING OBJECTIVE G

TRANSITION:
Our primary objective will be to acquire the skills needed to effectively estimate the range to a target utilizing the reticle stadia lines. We must be able to estimate the range to a given target in order for us to effectively engage the target.

NOTE:  Prepare your slides for range estimation using reticle stadia lines
	Action:
	Range estimation with the AN/PAS-13B (TWS)

	Conditions:
	Given a TWS with a fresh battery and targets at various ranges

	Standards:
	Correctly estimate the range to a given target using the reticle stadia lines


1.  Learning Step/Activity 1:  Reticle Description

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media:  Computer with in-focus projector and Actual equipment

NOTE:  Prepare your slide of a full reticle.

a.      Reticle description.

1) The zeroing aim point is used as the aiming point to zero at 25 meters and to engage targets at that range. It will always denote the standard range at which the weapon is normally zeroed at with iron sights.

2) The zero aim point uses the longest horizontal stadia lines.  It will always be longer than other stadia lines on the reticle when there is more than 1 aiming point.

3) Reticle Range Reference indicators.

4) When vertical stadia lines are addressed in the following learning steps it will include the entire stadia line unless otherwise stated.

2. Learning Step/Activity 2: Range estimation on a 5-ft man sized target.

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media:  Computer with in-focus projector and Actual equipment

NOTE:  If a target is half the size of the stadia line then the target is twice the distance, if the target is twice the size of the stadia line then the target is half the distance.

a. M16 reticle.

1) Place the silhouette of a man between the vertical stadia lines.

2) If the man touches the bottom of the upper vertical stadia line and the top of the bottom vertical stadia line then the man is at 300 meters.

3) If the man is twice the size then he is half the distance, which would be 150 meters.

4) If the man touches only one stadia line and the aim point then he would be half as big and twice as far, which would be 600 meters.

b. M249 and M240 reticle.

1) Place the base of a man at the dot of the 200-meter aim line located above the zero aiming line.

2) Measure the man from the 200-meter aim point to the top of the vertical stadia line.

3) If the man touches both the top and dot of the vertical stadia line then he is at 200 meters for the M249 and at 200 meters for the M240.

4) If the man is twice the size of the vertical stadia line then he is half the distance.  100 meters for the M249 and 100 meters for the M240.

5) If the man is half the size of the vertical stadia line then he is at 400 meters for the M240. The M249 has a 400-meter range gauge.

6) The vertical line of the crosshairs reflects the distance of a 5-ft man at that specified range.

7) The entire vertical stadia line, from top to bottom, is utilized.

c. M2 reticle WFOV.

1) Place the base of a man at the bottom of the vertical stadia line located above the zero aiming line.

2) Measure the man from the bottom of the vertical stadia line to the top of the vertical stadia line.

3) If the man touches both the top and bottom of the vertical stadia line then he is at 200 meters.

4) If the man is twice the size of the vertical stadia line then he is half the distance, 100 meters.

5) If the man is half the size of the vertical stadia line then he is twice as far, 400 meters.

6) The vertical stadia lines to the left of the crosshairs at 500 and 1000 meters will be utilized in the same manner but for those specific ranges.

7) For ranges 1600 and 2000 meters the circular aiming points will be used.

8) If the man touches the top and the bottom of the circular aiming point then he is at the specified range.

d. M2 reticle NFOV.

1) In NFOV the closest a 5-ft man target can be measured is 500 meters.

2) Place the base of a man-sized target at the bottom of the vertical stadia line to the left of the aiming point.

3) If the man touches the top and bottom of the vertical stadia line then he is at that specified range, 500 to 1200 meters.

4) For targets at 1400, 1600, and 2000 meters use the circular aiming points.

5) If the man touches the top and the bottom of the circular aiming point then he is at the specified range.

3. Learning Step/Activity 3: Range estimation on a 10-ft tank.

Method of instruction: LECTURE

Instructor to student ratio is: 1:40
Time of instruction: 15 min
Media:  Computer with in-focus projector and Actual equipment

NOTE:  If a target is half the size of the stadia line then the target is twice the distance, if the target is twice the size of the stadia then the target is half the distance.

a. M249 and M240 reticle.

1) To estimate the distance of a 10-ft tank use the length of the horizontal stadia located above the zero aiming line.

2) Using only a flank profile, place the front edge of the tank at one end of the horizontal stadia line.

3) If the rear edge of the tank touches the other end of the horizontal stadia line then the tank is at 100 meters M249 and 200 meters M240.

4) Use the crosshair horizontal stadia lines to measure the distance of a 10-ft tank at that specified range.

b. M2 reticle.

1) In WFOV, to estimate the distance of a 10-ft tank use the length of the horizontal stadia lines located above the zero aiming line and at the specified ranges.

2) In NFOV use only the horizontal stadia lines located at the specified ranges.

3) Using only a flank profile, place the front edge of the tank at one end of the horizontal stadia line.

4) If the rear edge of the tank touches the other end of the horizontal stadia line then the tank is at that specified range.

1.   QUESTION: What do we use in order to estimate the distance to a target with TWS?

ANSWER: The reticle horizontal and vertical stadia lines.

2.  QUESTICN: How do we identify the 25-meter zero aim line?

ANSWER:   It is longer then all of the other vertical stadia line.

3. QUESTION: If a target is twice the size of the stadia line then what happens to the distance?

ANSWER:
The target is half the distance.

4. QUESTION: With the M2 reticle, what do we use to measure the length of a 10-ft tank?                   

ANSWER: The horizontal stadia lines located to the left of the aim point.

Are there any questions pertaining to this lesson?

PRACTICAL EXERCISE:
SUMMARY:  

     Our ability to correctly estimate the range to a target will increase our ability to place effective fire on the target.


H. ENABLING LEARNING OBJECTIVE H

TRANSITION:
The procedures for zeroing and sight alignment of the TWS on selected weapons are essential for fast and effective use during combat situations. Regular practice of these procedures will help you retain the skills obtained in this lesson. After this lesson, you will correctly identify the procedures to zero or sight aligns the TWS on selected weapons.

	Action:
	Zero the AN/PAS-13B

	Conditions:
	Given an M4/16, M249, M240B or M2, and AN/PAS-13B, on a 25-meter range, or an extended field fire range, and 18 rounds of 5.56mm. 24 rounds of 5.56 linked, 7.62mm, and .50 cal, 

	Standards:
	Zero the TWS to the M4/16 with less than 18 rounds, and the M249, M240B, M2, or MK19 in less than 24 rounds.


1. Learning Step/Activity 2: 
Zero the TWS at 25 meters on an M4/16

Method of instruction: PE-2

Instructor to student ratio is: 1:40

Time of instruction: 2 hr

Media: Actual equipment
NOTES:
Discuss and demonstrate target preparation. 

1) Cutting out a square and mounting cardboard (insulator) behind the target modifies a 25-meter zeroing target. “Show Transparency “Target Mounted on silhouette"

2) Affix target to silhouette.

a.
TWS Zeroing concept

1) Objective is to position TWS reticle to align with target aim point when shot group center corresponds to desired point of impact. 

a) Reticle is electronically generated and is adjustable

b) TWS optics are fixed and are not adjustable

c) Only reticle aim features are moved during zeroing

2) Typical Target Features

NOTE:
Show Transparency "M16 Typical Target Features". Discuss typical target features.

3) Determining TWS Zeroing Adjustments

a) TWS Reticle Increments:  TWS reticle adjustment increments do not correspond to squares on M16A2 25M zeroing target

(1) To determine number of reticle increments required just count the squares. It is one click per square.

(2) Number of cm per reticle increment is dependent on TWS model and FOV.

b) TWS Zeroing Adjustments Example:  Show Transparency “TWS Zeroing Adjustments example", and discuss the TWS zeroing adjustments example shown on transparency.

WARNING
Ensure weapon is not loaded and safety is on before zeroing TWS. A loaded weapon may accidentally be fired while zeroing TWS, causing injury or death.

b. Zeroing TWS to the M4/16 Series and Squad Leader's M4/16 (Par 2-10.2)

1) Set FOV to Wide

2) Use the reticle adjust switch to set azimuth and elevation indicator to (000L and 000D)

3) Aim center mass at 25-meter target and fire three rounds to obtain shot group.

4) Locate center of shot group

5) Check tightness of sight. (Tighten if necessary)

6) Adjust reticle to move the center of shot group to the desired point of impact. (M16A2= 7.3 cm below target aiming point on a 4 cm square). (M4/M4A1= 5.4 cm below target aiming point on a 4 cm square).

7) At 25-meter range each increment of azimuth or elevation setting moves strike of the round:

a) 1 ½ cm for MTWS on WFOV

b) ½ cm for MTWS on NFOV

c) ¾ cm for HTWS on WFOV
d) ¼ cm for HTWS on NFOV 
8) Repeat steps 3 through 6 until five out of six consecutive shots are within desired point of impact.

9) Record setting of azimuth and elevation indicators.

10) Set the FOV to Narrow position and repeat steps 2 through 9. (Step 9 and 10 do not apply to Squad Leader and Platoon Leader)

NOTE:
Show Transparency, discuss and demonstrate zeroing TWS to M4/16A4. Have students read each step in TM

2. Learning Step/Activity 2: 
Zero the TWS to the M2, M240B, or M249

Method of instruction: PE-2

Instructor to student ratio is: 1:40

Time of instruction: 2 hr

Media: Computer with in-focus projector and Actual equipment
WARNING
Ensure weapon is not loaded and safety is on before zeroing TWS. A loaded weapon may accidentally be fired while zeroing TWS, causing injury or death.
NOTE:

Show Transparency, discuss and demonstrate zeroing TWS to M2, M240B, and M249, and have students read each step in TM.
NOTE:    Zero the M2, M240, and M249 machine guns at 25 meters.  Use a modified 25-meter zeroing target and follow the following procedure.  Instead of firing a burst, fire three single shots.


If extended range is available for M2, select a target 400 to 600 meters away; for M240B select a target 300 to 700 meters away; for the M249 select a target 300 to 500 
meters away. 25 meters zero is preferred method.
a. Zeroing the M2, M240B, and the M249 on a 25-meter range.

NOTE:     Step 1) applies to M2 machine gun only.

1) Set range lever on M2 bracket to NEAR position and hand tighten locking knob.

2) Set FOV ring to NARROW position
                     3)
Assume a good fighting position.

                     4)
Place TWS in operation.
                     5)
Press and hold the Zoom/Reticle Select switch for 5 seconds release and press again until the appropriate reticle had been selected.

                     6) 
Use the Reticle Adjust switch to set Azimuth and Elevation indicators to zero (000L and 000D).

NOTE:     The zeroing aim point is the aim point located between the zeroing aim lines. At 500 

                 Meters on the M240B, 400 meters on M249 and 500 meters on M2.

                     7) 
Fire 3 single shots at center mass of the 25-meter target

8) Retighten 2 clicks.

9) Move down range and inspect the 25-meter target.

10) Record the necessary elevation and windage adjustments needed to move the strike of the round to the desired point of impact.  

11) Make adjustments to move the strike of the round to the desired point of impact on the TWS.

12) The desired point of impact on a 25 meter target:  

                              (a) M2 12.8 squares/11.8 cm

                       (b) M240B- minus 2.3 squares/ minus2.1 cm*

                       (c) M249 (IFTC) 2.75 squares/ 2.5 cm

                        (d) M249 (w/bracket) 5.5 squares/ 5.0 cm

                         *Minus indicates squares above target aim point.

13) Fire 3 single shots at center mass of the 25-meter target.

14) Continue to make adjustments until shots hit the target at the desired point of impact inside the impact zone.

15) Once the rounds hit the desired point of impact fire 3 round shot groups until 5 out twelve rounds hit the desired point of impact.

16) Record setting of Azimuth and Elevation indicators.

17) Set FOV ring to WIDE position and perform steps 7 through 16.

3.  Learning Step/Activity 4: 
Zero the TWS to the MK19

Method of instruction: PE-2

Instructor to student ratio is: 1:40

Time of instruction: 2 hr

Media: Computer with in-focus projector and Actual equipment
WARNING
Ensure weapon is not loaded and safety is on before zeroing TWS. A loaded weapon may accidentally be fired while zeroing TWS, causing injury or death.

a. Zero the MK19 Machine Gun

1) Select a fixed target at 400 to 600 meters.

2) Set range on MK19 bracket to range of target.

3) Place HTWS into operation.

4) Set FOV ring to NARROW position.

5) Press and hold the ZOOM/RETICLE SELECT switch and hold for 5 seconds, release, press again until the MK19 reticle is selected.

6) Use the RETICLE ADJUST switch to set Azimuth and Elevation indicators to zero (000L and 000D).

WARNING
Remove eye from eyecup before firing MK19 machine gun.  Recoil of MK19 may cause injury to personnel.

NOTE:
The zeroing aim point is the point of intersection of the vertical and horizonal lines of the cross-hair above the  500 meter range scale.

7) Place reticle aim point on center mass of target by moving Traverse and Elevation mechanism of gun.  Fire one round and observe impact of round. 

8) Adjust reticle to move impact of round to center mass of target.

NOTE:            Each 10 increments of the azimuth or elevation setting moves the strike of the round ½ meter at 500 meter range for HTWS NFOV.

9) Continue to make adjustment with the RETICLE ADJUST until the rounds impacts target.

10) Record setting of AZIMUTH AND ELEVATION indicators.
Questions for students to answer:

1. QUESTION: Describe the shape and size of the thermal cut out that is affixed to the 25-meter zeroing target during target preparation.

ANSWER: 
A rectangle 4 squares wide by 4 squares high, positioned over the center of the target.

2. QUESTION: When is sight alignment performed rather than zeroing?

ANSWER: 
When ammunition cannot be fired at targets to perform zeroing.

3. QUESTION: When zeroing TWS, are you adjusting the reticle or the optics?

ANSWER:
Electronically generated reticle is moved. Optics is fixed.

4. QUESTION: How does the operator determine the desired point of impact for a given weapon?

ANSWER: 
TM table 2-7.

5. QUESTION: When zeroing a TWS, is it necessary to zero the reticles for both fields-of-view?

ANSWER:
Yes. The wide and narrow FOV reticles are 
independent of each other.

Are there any questions pertaining to this lesson?

I.                        ENABLING LEARNING OBJECTIVE I

TRANSITION:
Preventive Maintenance Checks and Services (PMCS) are essential to keeping the TWS in good working condition. Regular and complete performance of these procedures will help ensure that the TWS is combat ready at all times. When a failure happens to any system used by a soldier, it gives the soldier one less tool to successfully engage targets or survive. Anything the soldier can do to restore a failed system to proper operating condition is a great benefit. Operator troubleshooting and maintenance procedures are essential to successful maintenance of the TWS.

After this lesson, you will be able to correctly perform PMCS, operator troubleshooting, and maintenance on the TWS.

	Action:
	Correctly perform Preventive Maintenance Checks and Services

	Conditions:
	Given TM 11-5855-312-10 and a TWS.

	Standards:
	In accordance with procedures contained in TM 11-5855-312-10.


1. Learning Step/Activity 1: 
Operator Maintenance Tasks



Method of instruction: Demonstration

Instructor to student ratio is: 1:40

Time of instruction: 2 hr


Media: Computer with in-focus projector and Actual equipment
NOTE:
Show Transparency “operator PMCS Tasks”

a. Battery Replacement

1) Removal

a) Inspect battery contacts and battery compartment for damage. Forward for repair as required.  Insure that when opening battery compartment push in and turn the battery door latch counter clockwise. When closing battery compartment push in and turn the battery door latch clockwise.

b. Lens Cleaning (Par 3-3)

NOTE:

Discuss and demonstrate lens cleaning. 

WARNING
Do not ingest lens-cleaning compound. Lens cleaning compound is poisonous and can cause illness or death if ingested.

CAUTION
Do not get tens cleaning compound on any rubber parts or sealant. Lens cleaning compound may cause rubber parts to deteriorate and may cause some sealants to dissolve.

CAUTION
Avoid excessive pressure when wiping lens. Foreign mailer on lens may scratch lens when wiped off.

c. Exterior Cleaning (Par 3-4)

NOTE:
Discuss and demonstrate external cleaning. Have students read steps in TM.

d. Battery Compartment Cleaning (Par 3-2)

If you have just replaced the battery with a brand new battery and you’re battery low indicator comes on you need to check the battery contacts for corrosion both on the battery and inside the battery compartment.

NOTE:
Discuss and demonstrate battery compartment cleaning. Have students read steps in TM.



K.                      ENABLING LEARNING OBJECTIVE K

	Action:
	Qualify with the TWS

	Conditions:
	A record fire range day and night, an assigned weapon, a TWS, timed target exposures at ranges specified IAW the appropriate FM for the assigned weapon, and the amount ammunition required by that specific qualification table.

	Standards:
	Achieve the standard IAW the assigned weapons day qualification table in the appropriate FM.


1. Learning Step/Activity 1 - Conduct a practice qualification exercise.


Method of instruction: Demonstration

Instructor to student ratio is: 1:20

Time of instruction: 1 hr.

Media: N/A

Note: Practice qualification will be conducted day and night and in conjunction with the record qualification.

Conduct of firing
The practice fire is conducted and recorded in accordance with the practice record fire scorecard.   The soldiers fire at single and multiple timed targets.   Exposure times require one to two seconds for the mechanism to raise the targets: timing should begin when the targets are fully exposed rather than when the switch is activated.

Ammunition:  soldiers will be issued the following ammunition for their assigned weapon.  Each soldier will receive the same amount of rounds for both day and night, practice and record qualification

a. M16/M4 series

                   1.  The rifleman gets 40 rounds 5.56mm ball for the practice qualification.

                   2.  The rifleman gets 40 rounds 5.56mm ball for the qualification.

Note: The record qualification table is shot both day and night.

              b.  M249

                   1.  The automatic rifleman gets 66 rounds of 5.56mm linked for the practice qualification.

                   2.  The automatic rifleman gets 66 rounds of 5.56mm linked for the qualification.

Note: The record qualification table is shot both day and night.

   


c.  M240B

                    1.  The machine gunner gets a 154 round belt of 7.62mm linked for the practice qualification.

                    2.  The machine gunner gets a 154 round belt of 7.62mm linked for the qualification.

Note: The record qualification table is shot both day and night.

               
d.  M2

                    1.  The machine gunner gets a 154 round belt of 12.7mm linked for the practice qualification.

                    2.  The machine gunner gets a 154 round belt of 12.7mm linked for the qualification

Note: The record qualification table is shot both day and night.

Range cadre will control the soldiers in the holding area and on the firing line.   Soldiers should be allowed to lubricate the rifle as needed, and visually inspect the carbine.   Review the four fundamentals of rifle marksmanship.

2. Learning Step/Activity 2 Qualify the M16/M4 series using the AN/PAS-13.


Method of instruction: Lecture / Demonstration

Instructor to student ratio is: 1:20

Time of instruction: 1 hr.

Media: N/A

a. Qualification table for M16/M4 series (DAY AND NIGHT)

SUPPORTED FIGHTING POSITION

	RD
	RANGE

(M)
	TIME

(SEC)
	HIT
	MISS
	NO

FIRE
	RD
	RANGE (M)
	TIME

(SEC)
	HIT
	MISS
	NO

FIRE

	1
	50
	3
	
	
	
	11
	110
	8
	
	
	

	2
	200
	6
	
	
	
	12
	200
	8
	
	
	

	3
	100
	4
	
	
	
	13
	150
	10
	
	
	

	4
	150
	5
	
	
	
	14
	300
	10
	
	
	

	5
	300
	8
	
	
	
	15
	100
	9
	
	
	

	6
	250
	7
	
	
	
	16
	250
	9
	
	
	

	7
	50
	3
	
	
	
	17
	200
	6
	
	
	

	8
	200
	6
	
	
	
	18
	150
	5
	
	
	

	9
	150
	5
	
	
	
	19
	50
	6
	
	
	

	10
	250
	7
	
	
	
	20
	100
	6
	
	
	


PRONE UNSUPPORTED FIGHTING POSITION

	RD
	RANGE

(M)
	TIME

(SEC)
	HIT
	MISS
	NO

FIRE
	RD
	RANGE (M)
	TIME

(SEC)
	HIT
	MISS
	NO

FIRE

	1
	100
	5
	
	
	
	11
	150
	8
	
	
	

	2
	250
	8
	
	
	
	12
	300
	9
	
	
	

	3
	150
	6
	
	
	
	13
	100
	10
	
	
	

	4
	50
	8
	
	
	
	14
	200
	10
	
	
	

	5
	200
	8
	
	
	
	15
	150
	12
	
	
	

	6
	150
	12
	
	
	
	16
	250
	12
	
	
	

	7
	200
	12
	
	
	
	17
	100
	8
	
	
	

	8
	50
	8
	
	
	
	18
	150
	8
	
	
	

	9
	150
	8
	
	
	
	19
	200
	9
	
	
	

	10
	100
	8
	
	
	
	20
	100
	9
	
	
	


3. Learning Step/Activity 3 Qualify the M249 using the AN/PAS-13.


Method of instruction: Lecture / Demonstration

Instructor to student ratio is: 1:20

Time of instruction: 1 hr.

Media: N/A

b. Qualification table for M249 (DAY AND NIGHT)

	TASK
	RANGE

(meters)
	TIME
	*PRAC

HIT        MISS
	**QUAL

HIT        MISS

	1
	400
	10 SEC
	
	

	2
	500
	15 SEC
	
	

	3
	600
	20 SEC
	
	

	4
	800
	30 SEC
	
	

	5
	400

600
	30 SEC
	
	

	6
	700

800
	45 SEC
	
	

	7
	400

500

600
	45 SEC
	
	


4. Learning Step/Activity 4 Qualify the M240 using the AN/PAS-13.


Method of instruction: Lecture / Demonstration

Instructor to student ratio is: 1:20

Time of instruction: 1 hr.

Media: N/A

c. Qualification table for M240B (DAY AND NIGHT)

	TASK
	RANGE

(meters)
	TIME
	*PRAC

HIT        MISS
	**QUAL

HIT        MISS

	1
	400
	10 SEC
	
	

	2
	500
	15 SEC
	
	

	3
	600
	20 SEC
	
	

	4
	800
	30 SEC
	
	

	5
	400

600
	30 SEC
	
	

	6
	700

800
	45 SEC
	
	

	7
	400

500

600
	45 SEC
	
	


5. Learning Step/Activity 5 Qualify the M2 using the AN/PAS-13.


Method of instruction: Lecture / Demonstration

Instructor to student ratio is: 1:20

Time of instruction: 1 hr.

Media: N/A

d. Qualification table for M2 (DAY AND NIGHT)

	TASK
	RANGE

(meters)
	TIME
	*PRAC

HIT          MISS
	**QUAL

HIT          MISS

	0     M31
	500m
	FIELD ZERO
	N/A
	N/A

	1     M31
	800m
	20 SEC
	
	

	2     M31
	400m
	20 SEC
	
	

	3     M31
	500m
	25 SEC
	
	

	4     BRDM 
	900m
	25 SEC
	
	

	5     M31
	400m

 800m
	35 SEC
	
	

	6     M31
	500m

800m
	35 SEC
	
	

	7     M31
	400m

500m

1300m


	45 SEC
	
	


NOTE:
This period of instruction is conducted in the same manner as practice record fire.

SECTION IV.
SUMMARY

Method of instruction: Lecture

Instructor to student ratio is: 1:40

Time of instruction: .5 hr.

Media: N/A



Review/

Summarize
Review written exam and qualification scores to eliminate any confusion

Lesson



NOTE:
Repeat the terminal learning objective of the lesson.

NOTE:
Determine if students have learned the material presented by soliciting student questions and explanations.  Ask the students questions and correct misunderstandings.

Check on


Learning           Review written exam to eliminate any confusion

NOTE:
Solicit and answer the student’s questions.  This is not a graded activity.

 
SECTION V.
STUDENT EVALUATION


Testing

You will be graded on your ability to perform PMCS, and identify the 

Requirements
components of the AN/PAS-13B through a written test and by engaging single and multiple timed targets with live round during which you must score a minimum of 14 on the written test and 23 target hits out of 40 target exposures on the LFX in order to qualify


NOTE:
Rapid, immediate feedback is essential to effective learning.  Schedule and provide feedback on the evaluation and any information to help answer student’s questions about the test.  Provide remedial training as needed.

Feedback
1.  Provide remedial training on site as needed.

Requirement
2.  Establish concurrent station for re-enforcement training.


NOTE:   END OF LESSON
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