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GENERAL

This instruction covers basic information on the use and care of the M2 aiming circle.  This device is used extensively throughout air defense weapons system and is useful to many air defense MOS and skill levels.

Lesson 1: USE AND CARE OF THE M2 AIMING CIRCLE

TASK: This subcourse does not specifically relate to any enlisted or officer task, but provides general information on the M2 aiming circle.

CONDITIONS: Use only the lesson material to complete the examination.

STANDARDS: You must attain a minimum grade of 70 percent on the examination to receive credit for the subcourse.
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LESSON 1

USE AND CARE OF THE M2 AIMING CIRCLE

TASK

This subcourse does not specifically relate to any enlisted or officer task, but provides general information on the M2 aiming circle.

CONDITIONS

Use only the lesson material to complete the examination.

STANDARDS

You must attain a grade of 70 percent on the examination to receive credit for this subcourse.

REFERENCES

Lesson materials.

Learning Event 1:

GENERAL INFORMATION

GENERAL INTRODUCTION

The aiming circle is used in many types of air defense artillery (ADA) units.  Temporary survey control may be established by scaling from a map, where suitable maps are available, and by using a declinated aiming circle.  In a Hawk battery, it is used in the initial orientation and alignment of the radar equipment.  This lesson presents the nomenclature, characteristics, and functions of the aiming circle, but does not cover procedures for specific applications to ADA systems.

Purpose

The aiming circle with its associated equipment is used to measure azimuth and elevation angles to a preselected base line.
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Description

The M2 aiming circle (Figure 1) is a small, lightweight instrument that is used in the firing battery and in artillery survey operations to an accuracy of 1:500.  Basically, it consists of a low-power, fixed-focus telescope mounted on a body, which permits unlimited horizontal, and limited vertical rotation of the telescope.  Horizontal and vertical measurements are recorded on graduated scales and micrometers.  The aiming circle has two horizontal rotating motions.  The upper (recording) motion changes the readings of the azimuth scales of the instrument; the lower (nonrecording) motion does not.  The aiming circle is equipped with leveling screws, leveling vials, and a magnetic compass.  The instrument is mounted on a base plate that serves as the base of the carrying case and is also used in mounting the instrument on a tripod.  The aiming circle consists of the aiming circle body, the tripod, and the accessory equipment.

NOMENCLATURE

Telescope Body Assembly

The telescope body assembly (Figure 1) consists of the optical system, the telescope level vial, the reflector, and a filter for solar observation.

Optical System.  The optical system is a 4-power, fixed-focus elbow telescope (Figure 2).  The telescope reticle is a glass etched with a horizontal and a vertical crossline that intersect at the center of the telescope lens.  The crosslines are graduated at 5-mil intervals from the center.  The graduations are from 0 to 85 mils and are numbered every 10 mils.  These graduations are used to measure relatively small horizontal and vertical angles directly without reference to the scales and micrometers.  The telescope eyeshield (Figure 2) is inclined upward at an angle of 45° to permit the operator to look down into the telescope while standing in an upright position.  Located on top of the inclined portion of the telescope is a machined slot for attaching the instrument light.  The objective end of the telescope lens is beveled to form a permanent sunshade.

Telescope Tubular Level Vial.  The telescope tubular level vial (Figure 1) is located on the left side of the telescope.  This level is used to establish the horizontal axis
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of the telescope in the true horizontal plane.  The telescope level vial lugs are shaped to form an open sight for approximate alignment of the telescope on a station.

The Reflector.  The reflector (Figure 1) is a small plastic signal post mounted on top of the telescope at the vertical axis of the aiming circle.  It is used as an aiming point for other instruments sighting on the aiming circle and can be illuminated at night by using the instrument light.

The Filter.  A filter (Figure 2) is provided for viewing the sun directly when astronomic observations are being made.  The filter is fitted onto the eyepiece end of the telescope when it is to be used, and it is attached to the side of the telescope body when not in use.

Body Assembly.  The body assembly (Figure 1) contains the azimuth and elevation worm gear mechanisms, magnetic compass with reticle and needle actuating lever, and two horizontal plate levels.

Azimuth Mechanism.  The azimuth mechanism (upper motion) of the aiming circle has both a fast and a slow motion.  Fast motion is attained when the micrometer knob (Figures 3 and 4) is moved laterally.  Horizontal angles are read in two parts: hundreds of mils are read from the azimuth scale, and mils are read from the azimuth micrometer scale.  The azimuth scale is graduated in increments of 100 mils from 0 to 6400 mils and is numbered every 200 mils.  That portion of the azimuth scale from 3200 mils through 6400 mils has a second scale (numbered in red from 0 to 3200 mils) located below the primary scale.  The azimuth micrometer scale is located on the azimuth knob.  It is graduated in 1-mil increments from 0 to 100 mils and is numbered every 10 mils.  The azimuth micrometer scale can be read to the nearest mil.
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FIGURE 1.  M2 AIMING CIRCLE NOMENCLATURE.
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FIGURE 2.  M2 AIMING CIRCLE.
1 FILTER

Used to protect your eye from sun rays.

Shown in in-use position.

2 SLOTTED BRACKET

Used for mounting the M51 instrument light bracket light.

Reticle is lighted through the hole.

3 RETICLE

As seen through telescope.

Horizontal and vertical centerlines graduated to give azimuth and elevation angles while operator is looking through elbow telescope.

Each graduation - 5 mils.

Each scale reads 0 to 85 mils.
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4 OPEN SIGHT

Allows fast telescope orientation.

5 REFLECTOR

Allows backsight by artillery weapon's fire control instruments.

Can be lighted at night with the M51 instrument light hand light.

6 EYESHIELD

Blocks light entering your eye from the scale.
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FIGURE 2.  M2 AIMING CIRCLE (Continued).
7 AZIMUTH MICROMETER SCALE

Each graduation - 1 mil.

Numbered at 10-mil intervals.

Black numbers 0-100 mils--read azimuth.

8 AZIMUTH KNOB

Adjusts elbow telescope in azimuth.

9 AZIMUTH SCALE

Each graduation - 100 mils.

Numbered at 200-mil intervals.
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Black numbers 0-6400 mils--read azimuth.  This forms the main azimuth scale.

Red numbers 0-3200 mils--read azimuth.  The lower row of graduations parallel the 3200-to-6400-mil upper graduations.  This permits the aiming circle to be used with other instruments having scales graduated from 0-3200 mils.

[image: image5.png]



FIGURE 3.  AZIMUTH MOVEMENT.

Note: In fast azimuth traversing, the elbow telescope moves in multiples of 100 mils (for example 100, 200, 300, et cetera).  The azimuth knob always reseats itself in the same relative position (for example, 170, 270, 270, et cetera).  The azimuth micrometer scale reading is not affected by fast traversing.

FAST AZIMUTH TRAVERSING OF ELBOW TELESCOPE (Figure 3)

· Pull and hold azimuth knob in direction of arrow (1).

· By hand, turn main housing to desired azimuth.

· Release azimuth knob.

· Turn azimuth knob for normal operation.
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FAST AZIMUTH TRAVERSING OF AIMING CIRCLE

· Open covers on both orienting knobs.

· Pull and hold orienting knob in direction of arrow (2).

· By hand, turn aiming circle to desired azimuth.

· Release orienting knob.

· Orienting knob on either side can be turned for normal operation.

· Close both covers.

Elevation Mechanism.  The elevation mechanism is similar in operation to the azimuth slow motion mechanism (Figure 4).  Stops are built into the mechanism to prevent the telescope from striking the body assembly when it is depressed.  Vertical angles can be measured from -440 mils to +805 mils.  Vertical angles are also read in two parts: hundreds of mils are read from the elevation scale and mils are read from the elevation micrometer scale.  The elevation micrometer scale can be read to the nearest mil.  The elevation scale is graduated and numbered in 100-mil increments from -400 mils to +800 mils.  The minus numerals are printed in red, and the plus numerals are printed in black.  The elevation micrometer scale is graduated in 1-mil increments from 0 to 100 mils.  The scales are numbered every 10 mils from left to right in black numerals and from right to left in red numerals.  The red numerals on the elevation micrometer scale are used with the red numerals on the elevation scale.  The black numerals on the micrometer scale are used with the black numerals on the elevation scale.

Magnetic Compass.  The magnetic compass is located in an oblong recess in the top of the body assembly (Figure 5).  The magnetic needle is limited to a movement of about an 110 arc and is provided with copper dampers to aid in settling the needle quickly.  A small glass magnifier and a reticle with three vertical etched lines are at one end of the recess to aid in aligning the needle.  At the opposite end of the recess is a lever that locks or unlocks the needle.  The lever is placed in the vertical position to lock the needle and is moved either to the right or to the left to the horizontal position to unlock the needle.
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Horizontal Plate Levers.  Located on the left side of the magnetic needle recess are two horizontal plate levels (Figure 6).  One is a circular level vial, used in rough leveling of the aiming circle.  The other is a tubular level vial, used to more accurately level the aiming circle.

Worm Housing

The worm housing contains the worm gear of the orienting motion, the leveling screws, and the spring plate.  The orienting knob that controls the nonrecording motion of the aiming circle is similar in operation to the azimuth (recording) motion because lateral movement of one orienting knob permits fast movement in the orienting motion of the aiming circle.  Two orienting knobs (Figure 1) are located opposite each other on the worm housing.  These knobs are provided with hinged caps, which should be closed when the knobs are not being used, to minimize the possibility of disturbing the orienting of the aiming circle.  The knobs should be used simultaneously for slow movement during the orienting procedure.  Each of the three leveling screws is fitted into a threaded socket in the worm housing and is attached to the base plate by means of the spring plate.

Base Plate Assembly

The base plate (Figure 1) assembly serves two purposes.  It is the base of the carrying case and serves as the base of the aiming circle when it is mounted on the tripod.  It is a flat circular plate to which the aiming circle is attached by the spring plate.  A rectangular-shaped notation pad is located on the base plate and is used for recording the declination constant and the vertical angle correction of the aiming circle (Figure 7).  A fixing screw is threaded into a socket on the underside of the base plate and is used to attach the aiming circle to the tripod (Figure 8).  A spring-loaded cover over the socket remains closed when the aiming circle is not attached to the tripod (Figure 9).  This keeps the socket clean and free of dirt and debris.  A rubber gasket fitted around the base plate makes a water-tight seal when the cover is fastened to it.
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FIGURE 4.  ELEVATION MOVEMENT.
1 ELEVATION KNOB

Adjusts elbow telescope elevation.

2 ELEVATION MICROMETER SCALE

Each graduation - 100 mils.

Numbered at 10-mil intervals.

Black numbers (lower set of numbers) 0-100 mils—read elevation.

Red numbers (upper set of numbers) 0-100 mils—read depression.

3 ELEVATION SCALE

Each graduation - 100 mils.

Numbered at 100-mil intervals.

Black numbers 0-800 mils--read elevation.

Red numbers 0-400 mils--read depression.

4 ELBOW TELESCOPE TUBE LEVEL

Shows when elbow telescope is level.
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FIGURE 5.  MAGNETIC COMPASS.
LOCKING LEVER

Turn and hold it in this position.

Magnetic compass needle moves.

Releasing the locking lever will let it return to the locked position.
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2 LOCKING LEVER

In locked position.

Keep it in this position when magnetic compass is not used and when carrying or transporting the aiming circle.

Magnetic compass needle cannot move.

3 LOCKING LEVER

In unlocked position.

Magnetic compass needle moves.

Stays in this position until turned to locked position.

4 NORTH END OF MAGNETIC COMPASS NEEDLE INDICATED BY N ON THE MAIN HOUSING

[image: image8.png]



FIGURE 6.  LEVELING CONTROLS.
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1 CIRCULAR LEVEL

Used for coarse leveling of the aiming circle.

2 TUBE LEVEL (ONE OF TWO)

Used for fine leveling of the aiming circle.

3 COVER

Rotate cover to open or close.

Protects the tube level vial from possible breakage.

4 LEVELING SCREW KNOB (ONE OF THREE)

Used to center the bubble in the tubular and circular levels.

Clockwise raises, counterclockwise lowers instrument.
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FIGURE 7.  DATA PLATE AND NOTATION PAD.
1 DATA PLATE

Nomenclature.

Model number.

Serial number.

2 NOTATION PAD

For recording declination constant, scale readings, settings, or other data used soft lead pencil.
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FIGURE 8.  TRIPOD HEAD.
Aiming Circle Accessory Equipment

To operate the aiming circle, certain accessory items are required: tripod, carrying case cover, and accessory kit (Figure 12).  The accessory kit contains the instrument light, plumb bob, lamp holder and remover, and back plate and canvas cover.

Tripod.  The tripod (Figure 10) has three telescope legs, an aluminium head and cover, and a carrying strap.  The legs are adjusted for length and held at the selected length by leg clamp thumb screws.  The end of each tripod leg is fitted with an aluminium boot and a bronze spike to make it easy to embed the legs into the ground.  A strap holds the legs together in the closed or carrying position, and an adjustable carrying strap is provided for carrying the tripod.
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Center screw assembly as shown at right.

Open base plate cover and place aiming circle on tripod head as shown at right.

Note: Before tightening screw assembly, position base plate cover so it is pointing toward you.

Turn screw assembly into threaded hole on aiming circle until screw is snug.

Release catch assemblies and remove cover from aiming circle.  Hang aiming circle cover on the tripod cover assembly.
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FIGURE 9.  M2 SETUP
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FIGURE 10.  TRIPOD.
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Instrument Light.  The instrument light (Figure 11) consists of a battery tube containing two flashlight batteries and two flexible conductor cords.  One of these cords carries the battery current to the telescope through a lamp bracket assembly that fits into the slotted bracket (Figure 2) on top of the inclined portion of the telescope assembly.  The other cord is attached to a handlight assembly that is used for general illumination around the aiming circle and for illumination of the reflector during night operation.  A rheostat, located on the end of the battery tube, regulates the light intensity.  The battery tube is attached to the back plate by a clamp.

Plumb Bob.  The plumb bob is stored in a pocket in the cover of the accessory kit when not in use.  When in use, it is suspended from a hook in the aiming circle fixing screw located underneath the tripod head (Figure 10).

Lampholder and Extractor.  The lampholder and extractor (Figure 11) is a small tubular accessory made of rubber.  It is used to store spare bulbs and to remove burned out bulbs from their sockets.

Dome-Shaped Cover.  The dome-shaped cover of the carrying case (Figure 12) is of lightweight aluminum construction and clamps to the base plate to provide a waterproof case for the aiming circle.  The cover has a carrying strap and two strong clamps that are used to secure the cover to the base plate.
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FIGURE 11.  ACCESSORY EQUIPMENT.
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FIGURE 12.  COVER.
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Learning Event 2:

PREPARATION FOR USE AND TAKE DOWN

Setting Up the Instrument

The procedure for setting up the tripod is described below (Figure 13).

· Upend the tripod and place the tripod head on the toe of the shoe.  Unbuckle the restraining strap and secure it around the leg to which it is attached.

· Loosen the leg clamp wing screws and extend the tripod legs to the desired length.  Tighten the leg clamp wing screws.

· Turn the tripod to its upright position and test the adjustment of each tripod leg by elevating each leg, in turn, to a horizontal position and then releasing it.  If the leg is properly adjusted, it should fall to about 45° and stop.  If it does not, the tripod leg should be adjusted by tightening or loosening the tripod clamping nut.  The test should be repeated until successful.

· Spread the legs and place the tripod over the station to be occupied, with one leg approximately bisecting the angle(s) to be measured.  The head of the tripod should be set up at a height that will place the telescope at a convenient height for the operator.

· Insert the plug-in sleeve of the plumb bob into the instrument fixing screw and extend the plumb bob so that it will hang about an inch above the station.  Center the tripod approximately over the station.

· Firmly embed the tripod legs, making sure that the plumb bob is within 1/2-inch (laterally) of being covered over the station and that the tripod head is approximately level when the legs are embedded.

· Remove the tripod head cover and secure it to the tripod leg.
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Attaching the Aiming Circle to the Tripod

To attach the aiming circle to the tripod, open the spring-loaded cover on the base plate and thread the instrument-fixing screw into the socket until the aiming circle is firmly attached to the tripod.  Unsnap the aiming circle cover latches, remove the cover, and hang it on the tripod head cover.

Plumbing and Leveling the Aiming Circle

The procedure for plumbing and leveling the aiming circle is shown in the following steps:


1.
Loosen the fixing screw slightly and carefully move the instrument around on the head of the tripod until the point of the plumb bob is centered exactly over the orienting station (Figure 13).


2.
Tighten the instrument to the tripod head, making sure the point of the plumb bob remains centered over the station.

Caution
Excessive tightening of the fixing screw will bend the slotted arm and damage the tripod head.


3.
Loosen the leveling screws (Figure 1) to expose sufficient threads (3/8-inch to 1/2-inch) on the three screws to permit the instrument to be leveled.  Rotate the instrument until the axis of the tubular level is parallel to any two of the leveling screws.  Center the bubble by using these two leveling screws.  Grasp the leveling screws 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 at the same time.  This movement tightens one screw as it loosens the other.  The bubble always moves in the same direction as the left thumb.


4.
Rotate the instrument 1600 ails.  This places one end of the plate level over the third leveling screw.  Using this screw, center the bubble.
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5.
Return the instrument to the first position (step 3) and again center the bubble.


6.
Return the instrument to the second position (step 4) and again center the bubble.


7.
Repeat steps 5 and 6 above 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.  If the bubble remains centered in this position, rotate the instrument through 6400 mils.  The bubble should remain centered; if it does, the instrument is level.
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FIGURE 13.  EMPLACING THE TRIPOD.
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FIGURE 13.  EMPLACING THE TRIPOD (Continued).

9.
If the bubble is not centered when the instrument is rotated 3200 mils from the first position (step 8), the level is out of adjustment.  To compensate, move the bubble halfway back to the center of the leveling vial, using the same leveling screws that were used for the first position.  Rotate the instrument 3200 mils from the second position and move the bubble halfway back to the center of the leveling vial, using the one remaining leveling screw.  The instrument is now level, and the bubble will come to rest in its vial at the same off-center position regardless of the direction in which the instrument is pointed.

Checks and Adjustments

To ensure that the values obtained for the angles being measured are accurate, the checks listed below should be performed prior to each use of the aiming circle.

Leveling Vial Check.  With the aiming circle properly set up and leveled, rotate the aiming circle through 6400 mils.  If the bubbles in the horizontal plate level vials (both circular and tubular) do not remain centered, the leveling vial is out of adjustment and the aiming circle should be turned in for repair (Figure 1).
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Tilted Reticle Check.  Again, with the aiming circle properly set up and leveled, place the vertical crossline of the telescope reticle (Figure 2) on some well-defined point.  Elevate and depress the telescope.  The vertical crossline should remain on the point from top to bottom.  If it does not remain on the point, or moves off as the telescope is elevated or depressed, the aiming circle is not accurate and should be turned in for repair.

Micrometer Adjustment Check.  The only micrometer adjustments that may be made by unit personnel are those necessary to ensure that the micrometer scales read zero when the main scales also read zero.  Because both the azimuth and elevation micrometers are checked and adjusted in similar fashion, only the azimuth micrometer will be discussed here (Figure 2).  To check and adjust the azimuth micrometer, set the zero of the azimuth scale opposite the index mark.  If the zero of the azimuth micrometer is opposite the index, no adjustment is necessary.  If it is not opposite the index, loosen the screws on the end of the azimuth knob and slip the micrometer scale until the zero is opposite the index.  Hold both azimuth knob and the micrometer scale in position and tighten the azimuth knob screws.  Check to ensure that the zeros of both the azimuth scale and the azimuth micrometer scale are still opposite their respective index marks after the screws have been tightened.  For the elevation micrometer check, substitute the word elevation for the word azimuth in the procedure above and follow each step as given.

Level Line Check.  The purpose of the level line check is determine whether correct values are obtained when vertical angles are measured with the aiming circle.  If correct vertical angles are not obtained with the instrument and there is not adequate time to turn it in for repair, a vertical angle correction should be determined.  The performance of the level line check and the procedure for determining a vertical angle correction are discussed in detail in Learning Event 3.

Magnetic Needle Check (Figure 5).  With the aiming circle properly set up and leveled, release the magnetic needle and center it in the reticle of the magnetic needle magnifier.  To test the needle for sluggishness, move an iron or steel object back and forth in front of the aiming circle to cause
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the needle to move on its pivot.  Permit the needle to settle.  If the needle does not return to center in the reticle, the aiming circle should be turned in for repair.  This check is performed prior to using the magnetic needle to establish a direction or to orient the aiming circle.

Taking Down the Aiming Circle (Figure 13)

To take down the aiming circle, tighten the leveling screws to their stops.  Check to ensure that the magnetic needle is locked.  Cover the leveling vials.  Place the azimuth knob over the notation pad.  Unlock the plumb bob and replace it in the back plate cover.  Close the back plate cover.  Place the carrying case cover over the aiming circle and fasten the cover clamps.  Unscrew the aiming circle fixing screw and remove the aiming circle from the tripod.  Replace the tripod head cover.  Collapse the tripod legs, tighten the wing screws, and strap the tripod legs together.

PROPER CARE

The procedure for proper care of the M2 aiming circle is as follows:

· To prevent damage to screw threads, do not tighten the adjusting, clamping, or leveling screws beyond a snug contact.

· Clean all lenses with a camel hair brush and lens tissues only.  Use the brush first to remove any dust or abrasive material from the lens, then complete the cleaning with lens tissue.  If smudge spots remain after lens tissue has been used, remove them by slightly moistening the spot and again cleaning them with lens tissue.  Take care not to scratch the lens or to remove the blush coating; this coating reduces the glare for the observer.

· Wipe the tripod head clean of dirt and moisture and examine it for nicks or burrs before the aiming circle is attached to the tripod.

· Lock the magnetic needle when it is not in use.

· Position the azimuth knob over the notation pad on the base plate before the aiming circle is put in the case.
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· Do not force the movement of the worm gears while engaging or disengaging them.  In disengaging, be sure that the gear is free before rotating the aiming circle.  To reengage the worm gear, move the aiming circle back and forth slightly until you feel the gears mesh.

· Unit personnel are not authorized to lubricate the interior parts of the aiming circle.  All parts that require lubrication are enclosed and should be lubricated by ordnance instrument repair personnel only.  Send the aiming circle to ordnance repair shops periodically for check and lubrication.

· Always keep the aiming circle clean and dry.  Clean grease and oil off metal parts with mineral spirits (paint thinner) and then wipe the metal dry.  Be sure the threads of the leveling screws are clean and that they turn smoothly and easily.  On exposed polished surfaces only, apply a thin coat of light grade aircraft instrument lubricating oil to prevent rust.  Clean the electrical parts with trichloroethylene.  Clean rubber parts, other than electrical, with warm soapy water.  After the rubber parts dry, apply a coating of powdered technical talcum to preserve the rubber.  Clean canvas with a dry brush or by scrubbing it with a brush and plain water.
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Learning Event 3:

USE OF THE AIMING CIRCLE

MEASURING ANGLES AND ORIENTING THE AIMING CIRCLE

Measuring Horizontal Angles

In artillery survey, horizontal angles are measured at the occupied station in a clockwise direction from the rear station to the forward station.  Pointings for a horizontal angles are always made to the lowest visible point at the rear and forward stations.  In sighting on a station, the vertical crossline is placed so that it bisects the station marker.  When angles are measured with the aiming circle, two repetitions of the angle are taken and the accumulated value is divided by 2 to determine the mean value of the angle.  The procedure for measuring horizontal angles is as described in the following steps:


1.
Set up and level the aiming circle.


2.
Zero the azimuth and micrometer scales.


3.
Sight approximately on the rear station by using the lower (nonrecording) fast motion.


4.
Place the crossline exactly on the rear station by using the lower slow motion.  The last motion coming onto the station should be from left to right to reduce backlash caused by play in the worm gear mechanism.  Check the azimuth and micrometer scales to ensure that they are still zero.  Close the orienting knob covers.


5.
With the upper (recording) fast motion, rotate the aiming circle to bring the crossline near the forward station, but keep them to the left of the station.


6.
With the upper slow motion, bring the crosslines exactly to the point, rotating the instrument from left to right.


7.
Read and record the value of the angle on the azimuth and micrometer scales to the nearest 0.5 mil.


8.
With this value still on the scales, repeat steps 3 through 6 above.
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9.
Read and record the accumulated value of two measurements of the angle to the nearest 0.5 mil.


10.
Divide the accumulated value in step 9 above by 2.  If the accumulated value of the angle step 9 is smaller than the first value, add 6400 mils to the accumulated value before dividing by 2.  The mean value determined should agree with the first value within 0.5 mil.  If not, the angle must be remeasured.

Measuring Vertical Angles

The vertical angle to a point is measured from the horizontal plane passing through the horizontal axis of the telescope of the instrument.  The vertical angle is expressed as plus or minus, depending on whether the point is above (plus) or below (minus) the horizontal plane.  Usually, the vertical angle is measured each time a horizontal angle is measured.  Vertical angles are measured twice, and the mean value is determined.  Vertical angles, if possible, are measured to the height of instrument (HI) at each forward station.  The HI is determined by measurement on a ranging pole.  If the instrument operator consistently sets the instrument up at approximately the same height, this same HI may be used throughout the field work for measuring vertical angles.  The procedure for measuring vertical angles is as described below:

· Set up and level the aiming circle.

· When the first measurement of the horizontal angle is completed (step 7 above), elevate or depress the telescope to place the horizontal crossline at the HI on the forward station.

· Read and record the value of the vertical angle to the nearest 0.5 mil.  If the black numerals are used, the vertical angle is minus.

· After the second measure of the horizontal angle is completed (step 9 above), measure the vertical angle a second time.

· Determine the mean vertical angle by adding the first and second readings of the vertical angle and dividing the sum by 2.  The mean vertical angle should agree with the first reading within 0.5.  mil.
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Determining Vertical Angle Correction

To obtain measurements of vertical angles with the aiming circle, the horizontal axis of the telescope must lie in a true horizontal plane when the elevation scale is at zero.  If it does not, a vertical angle correction (VAC) must be determined and applied to each vertical angle measured with the aiming circle.  A VAC is determined at the same time that the declination constant is determined.  Two methods may be used to determine the correction: the comparison method and the alternate method.

Comparison Method.  When using the comparison method, the vertical angle between two points is measured with the aiming circle and compared with the correct vertical angle between those points.  The VAC can be determined by measuring with a theodolite or by computation, using the distance and difference in height between the points.  Whenever a declination station is established, the vertical angle to each azimuth mark should be determined so that the VAC can be checked at the time the aiming circle is declinated.  Determine the VAC by the comparison method, as described below:

· After determining the declination constant, check the level of the instrument.  Measure the vertical angle to each azimuth mark to which the vertical angle is known.  Read and record the values to the nearest 0.5 mil.

· Verify the level of the instrument and measure the vertical angle to each azimuth mark a second time.  Record the values.

· Determine the mean of the vertical angles measured to each azimuth mark and compare the mean with the corresponding known vertical angle.  Determine the differences (+).  If the differences agree within 1 mil of each other, determine the mean difference to 0.1 mil and record this value on the notation pad with the declination constant (for example, VAC +1.6).

Note: If the difference do not agree within 1 mil, repeat all three steps above.
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EXAMPLE: +23.0 mils
= known vertical angle to azimuth mark 1.

+21.5 mils
= mean measured vertical angle to azimuth mark 1.

+1.5 mils
= correction to bring measured vertical angle to known vertical angle.

-9.0 mils
= known vertical angle to azimuth mark 2.

-10.8 mils
= mean measured vertical angle to azimuth mark 2.

+1.8 mils
= correction to bring measured vertical angle to known vertical angle.

+1.5 mils
= correction at azimuth mark 1.

+1.8 mils
= correction at azimuth mark 2.

+3.3 mils
=÷ 2 = 1.65 mils mean VAC.

Alternate Method.  When using the alternate method, two stations are established approximately 100 meters apart and properly marked.  (It is not necessary to know the coordinates and height of the stations or the distance between them.) The aiming circle is set up at one of the stations, and the HI is measured and marked on a range pole.  The range pole is placed vertically over the second station.  The vertical angle to the mark on the range pole is measured with the aiming circle.  The aiming circle is then moved to the second station and set up.  The HI at the second station is marked on the range pole.  The pole is then set up over the first station, and the vertical angle from the second station to the first station is measured.  The vertical angles measured at the two stations are compared.  If they are numerically equal but have opposite signs, for example, +7.0 and the values are not numerically equal, a VAC must be determined.  The correction is numerically equal to one-half the algebraic sum of the two angles.  The sign of the correction is opposite to the sign of the algebraic sum of the two angles.  For example, if one angle was +22.0 mils and the other was -24.0 mils, the VAC would be +1.0 mil.  The VAC must be applied to all vertical angle measurements made with the aiming circle.

ORIENTING THE AIMING CIRCLE

General

When the aiming circle is oriented, the azimuth for any particular reference direction can be read directly from the azimuth scale.  Once oriented, care must be taken to ensure that the setting is not disturbed as long as the aiming circle is used in that specific location.
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Orienting on a Known Azimuth

In the example given below, it is assumed that the instrument is to be oriented to a point with a known azimuth of 800 mils relative to a particular grid point.  For proper orientation on a known azimuth follow the steps below:


1.
With the aiming circle set up and leveled over the grid point, turn azimuth knob A to obtain a reading of 800 mils on the azimuth scale and micrometer (Figure 14 (1)).


2.
Use orienting knob B to aim the telescope at the known azimuth point X.


3.
Without disturbing the orienting knob, use azimuth knob A to aim the telescope at target point Y (Figure 14 (2)).  The reading of 200 mils is then made and is with respect to the reference line of the known point X.  Any reading obtained with this setting (200 mils in this example) is with respect to the reference line of the known point X.
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FIGURE 14.  METHOD OF ORIENTING ON DATUM POINT OF KNOWN AZIMUTH.
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Orienting on Magnetic North

To orient on magnetic north follow the steps below:


1.
Turn azimuth knob A to set azimuth scale and micrometer to zero (Figure 15).


2.
Unlock the compass needle and turn the instrument by means of orienting knob B until the compass needle, as viewed through the magnifier, is aligned with its reticle line.  The telescope is now aimed at magnetic north (Figure 15 (1)).


3.
Lock the compass needle.


4.
Turn the azimuth knob A to aim the telescope at the target point Y (Figure 15 (2)).  The azimuth reading (1800 mils) is with respect to magnetic north.
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FIGURE 15.  ORIENTING ON MAGNETIC NORTH.
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FIGURE 16.  METHOD OF ORIENTING ON GRID NORTH.

Orientation on Grid North (Y North)

See Figures 16 and 17, for correct orientation on grid north, follow the steps below:


1.
Set up the aiming circle over any point from which other well-defined points of known Y azimuth can be seen and level the aiming circle carefully.


2.
Turn the azimuth knob to set the azimuth scale and micrometer to zero.
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FIGURE 17.  ORIENTATION ON GRID NORTH.
DECLINATION PROCEDURES

· Set up the aiming circle over a declination station.  Carefully level the instruments.

· Set azimuth scale and azimuth micrometer scale to zero.

· Point elbow telescope in the general direction of NORTH.

Note: The aiming circle magnetic compass cannot be used near iron or steel masses as inaccurate readings will result.

· Unlock magnetic compass needle.

· Turn orienting knobs until magnetic compass needle is centered on the middle reticle.  Look through magnifier.
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· Turn azimuth knob until elbow telescope reticle aligns with a point of known azimuth.  Record this indication.  Do this process four times and record the average of these four indications.  Subtract this average from the known grid azimuth (add 6400 mils to the grid azimuth, if necessary).  This is the declination constant of the instrument.

· If more than one point of known grid azimuth is visible, repeat the computation for each point and take the average of these computations as the declination constant.

· Lock magnetic compass needle.


3.
Unlock the compass and turn the aiming circle by means of the orienting knob until the compass needle is aligned with its reticle line.  The telescope is now aligned at magnetic north.


4.
As an illustration of the orientation procedure, assume that the three points, A, B, and C (Figure 16) have the known Y azimuth of 5600, 360, and 800 mils, respectively.  Use the azimuth knob to aim the telescope at point A and read the value on the azimuth scale and micrometer.  Record the reading.  Repeat the same process for points B and C.  Assume that the recorded readings are 5640, 398, and 842 mils, respectively.  The difference between the readings and the known azimuths are 40, 38, and 42 mils, respectively, and the mean of these three values is 40 mils.  Forty mils then becomes the declination constant (the horizontal clockwise angle from grid north to magnetic north) for the particular geographic area (within 25 miles of the declination station).


5.
Set the azimuth scale and micrometers at the declination constant (40 mils) by using the azimuth knob.  Because, in this example, magnetic north is to the left of grid north, the azimuth scale should be set to 6400 minus 40, or to 6360 mils; if magnetic north were to the right of grid north by the same angle, the scale would be set to 40 mils.


6.
After the declination constant has been set on the azimuth scale and micrometer, use the orienting knob to align the compass needle with its reticle line.  With this condition, the telescope is aimed at a point 40 mils away from the magnetic point.  The zero of the azimuth scale is then oriented on grid (Y) north, and the compass needle should be locked.
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Determining Grid Azimuth with the Aiming Circle

The magnetic compass of a declinated aiming circle can be used to determine a grid azimuth.  The procedure for determining a grid azimuth is as follows:

· Set up and level the aiming circle in the prescribed manner.

· Using the upper motion, set the declination constant on the scales of the instrument.

· Release the magnetic needle and center it, using the lower motion.

· Lock the magnetic needle.

· Using the upper motion, rotate the instrument and sight on the desired point.

· Read and record the measured grid azimuth is indicated on the scales of the aiming circle to the nearest 0.5 mil.

· Repeat the procedures and determine the grid azimuth a second time.  If the two azimuth determinations agree within 2 mils, compute the mean azimuth and record the measured grid azimuth to the nearest 0.1 mil.  If they do not agree, repeat the entire procedure.
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Learning Event 4:

Organizational Maintenance

INSPECTION OF THE AIMING CIRCLE

General

Whenever inaccuracies, maladjustments, or any other conditions affecting serviceability are disclosed by the inspection prescribed in Table 1, the necessary corrective action should be taken if the maintenance required is within the scope of the using organization.  If the maintenance required is beyond the scope of the using organization, the aiming circle should be referred to ordnance maintenance personnel.

Procedure

Visually examine the aiming circle for completeness and general appearance.  The painted surface should not have bare spots, scratches exposing bare metal, or chipped and peeling paint.  There should be no evidence of corrosion on any part.  Table 1 lists the detailed inspection to be performed on the aiming circle.

TABLE 1.  OPERATOR'S INSPECTION CHART.

[image: image21.png]Point of Inspection

Azimuth and orienting knobs

Leveling screws

Elevation knobd

Level vials

Acceptable Standard

Traverse instrument 6400 mils
in azimuth without binding or
sticking.

Turn freely, but with enough
friction to permit and main-
tain accurate positioning.

Elevate and depress telescope
throughout full travel with-
out binding or sticking.

Firm in their settings.
Covers move freely.
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TABLE 1.  OPERATOR'S INSPECTION CHART (Continued).

[image: image22.png]Point of Inspection

Scales and micrometers

Compass needle

Optical elements

Instrument light

Tripod

Acceptable Standard

Graduations legible. Simul-
taneous zero readings
obtained on mating scales and
micrometers.

Locks and unlocks readily.
Swings freely when unlocked.

Free from checks, frost pat-
terns and dirt. Present
sharp, clear image.

Light turns on and illumina-
tion of reticle increases as
rheostat knob is turned
clockwise,

Lower legs move freely and
clamp rigidly in any desired
position,
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1.
The purpose of the M2 aiming circle is to measure--


a.
elevation angles only.


b.
azimuth angles only.


c.
both azimuth and elevation angles.


d.
neither azimuth nor elevation angles.

2.
The magnetic compass is housed in the--


a.
worm housing.


b.
body assembly.


c.
base plate assembly.


d.
gunner's quadrant assembly.

3.
The instrument light is a component of the--


a.
tripod assembly.


b.
base plate assembly.


c.
telescope body assembly.


d.
accessory kit.

4.
When setting up the tripod, the plumb bob should be centered (laterally) approximately ____________ inch(es) over the station.


a.
1/2-


b.
1


c.
2


d.
3
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5.
When leveling the aiming circle, after the bubble of the level vial is centered, the instrument is first rotated ________ mils.


a.
0


b.
1600


c.
2400


d.
3200

6.
The _________ knob should be positioned over the notation pad before the aiming circle is put in the case.


a.
azimuth


b.
leveling


c.
elevation


d.
locking

7.
Vertical angles are measured __________ time(s), and then the mean value is determined.


a.
one


b.
two


c.
three


d.
four

8.
The _____________ of a declinated aiming circle can be used to determine a grid azimuth.


a.
elevation dial


b.
telescope


c.
magnetic compass


d.
plumb bob
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9.
When the telescope is aimed at magnetic north, the compass needle is aligned with the ___________.

a.
azimuth dial


b.
reticle line


c.
micrometer


d.
tripod mount

10.
If maintenance required is beyond the scope of the using organization, the aiming circle should be referred to _________.

a.
calibration facilities


b.
organization maintenance facilities


c.
depot maintenance


d.
ordnance maintenance personnel
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LESSON 1 PRACTICE EXERCISE SOLUTION

Question
Answer
Reference

1.
c
Page  1

2.
b
Page  3

3.
d
Page 14

4.
a
Page 20

5.
b
Page 21

6.
a
Page 25

7.
b
Page 28

8.
c
Page 35

9.
b
Page 35

10.
d
Page 37
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