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ORDNANCE MAINTENANCE — HEIGHT FINDERS, 13Y2-FT., M1 AND MIA1l

Section |

INTRODUCTION

Paragraph
General ... 1

1. GENERAL.

a. Purpose.

(1) This manual is published for the information and guidance
of ordnance maintenance personnel. The list of requirements in
each paragraph on adjustment and repair shows whether or not the
operation is possible with the means at hand. No operation should
be undertaken unless duly authorized. '

(2) This manual is supplementary to TM 9-623, which should
be consulted for information on operation, adjustment, and mainte-
nance normally performed by the using arms.

bh. Scope.

(1) This manual covers the description, principles, inspection,
adjustment and repair, disassembly, and assembly of the 1314-ft.
Height Finder M1. The 13',-ft. Height Finder M1A1 is identical
with the Height Finder M1 except that it also includes the helium
retention device. The operations described in this manual may be
performed by authorized ordnance personnel only, with the exception
of certain field adjustments and inspections.

(2) Maintenance personnel may be qualified for this work either
through the successful accomplishment of a recognized course of in-
struction in height finder maintenance, or through adequate experi-
ence in the type of operation to be undertaken. A recognized course
of instruction is defined as one having the approval of the Chief of
Ordnance and the Commanding General, Army Ground Forces, for
qualification in height finder repair. Determination of adequate ex-
perience will be made in each case by the responsible ordnance
officer, who will take necessary action for maintenance requiring
facilities beyond those available locally.

c¢. Changes from Previous Edition. The present edition differs
from the previous edition of this manual chiefly in the inclusion of
much additional information and in the presentation of improved
methods of adjustment and repair. Of particular importance is the
new procedure for a systematic basic inspection to allow analysis of
the probable cause of any trouble. Another important addition is
the procedure for reassembly and adjustment of an instrument which
is badly out of adjustment or which has been disassembled. The de-
tailed instructions for charging with helium, and for desiccating the
instrument, which are covered in TM 9-1622, have been omitted.

4
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d. The Use of This Manual.

(1) Sections IIT and IV are intended primarily for those unfa-
miliar with the optical principles of the instrument. They also con-
tain reference data. Section V describes the accessories.

(2) Section VI outlines the method of setting up and adjusting
the instrument for performance tests, inspections, and adjustments.

(3) Section VII gives a routine for complete inspection of the
instrument. This systematic inspection is particularly valuable as an
aid in diagnosing the cause of any trouble. This section also includes
a summary of inspections and tolerances.

(4) Section VIII is to some extent a duplication of section VII,
but it approaches the question from the standpoint of diagnosis of
trouble encountered, rather than from a systematic inspection. This
may save time and unnecessary inspection in some cases.

(5) Section IX describes the tools and testing equipment needed
for maintenance and repair operations. It also covers the routine
maintenance operations such as cleaning and lubrication.

(6) Section X includes the adjustment and repair, disassembly
and assembly of all optical and mechanical subassemblies which are
accessible without a complete disassembly. The requirements for
each operation are given, though ordinary mechanic’s tools and tools
supplied with the instrument are not listed.

(7) Section XI covers the disassembly of the’height finder tele-
scope into the various subassemblies and the complete assembly and
adjustment. It also covers in detail, the disassembly and assembly of
the optical tube.

(8) Section XII includes all adjustment, repair, disassembly, and
assembly information on the Elbow Telescope M7. Section XIII in-
cludes similar information on the Cradle M1, and section XIV on the
Tripod M6.

(9) Section XV covers the adjustment and repair of illumination
and electrical components. The wiring, lamps, and some electrical
trouble shooting are included, as well as the electrical connections for
the transmitter and receivers.

(10) Section XVI covers the maintenance of the Electric Cover
M404.

e. References. The publications pertaining to the materiel de-
scribed herein are listed at the end of the manual.
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ORDNANCE MAINTENANCE — HEIGHT FINDERS, 13'2-FT., M1 AND MI1A1

Section 1l

GENERAL DESCRIPTION

Paragraph
The purpose of the height finder M1 ... ... ... .. 2
External appearance ... ... 3

2. THE PURPOSE OF THE HEIGHT FINDER MI.

a. The Height Finder M1 is an optical instrument which can locate
the exact position of an aircraft in flight, and can follow the aircraft’s
movements continuously. It indicates the height of the aircraft above
the level of the height finder, which is its main function. It can also
measure the slant range or direct distance from the height finder to the
aircraft, the azimuth angle or horizontal angle from north or some other
fixed reference, and the elevation angle or angle above horizontal.
Slant range and elevation angle are combined to give a direct read-
ing of height (fig. 1). The height information is transmitted semi-
automatically to the antiaircraft director of the antiaircraft battery with
which the height finder is associated. The range drum scale reads from
550 to 50,000 yards, and the height transmitting system reads up to
10,000 yards. The Height Finder M1 can also be used as a range finder.

b. The height finder is kept sighted on the aircraft by two operators
or “trackers,” who follow the aircraft through azimuth and elevation
tracking telescope® fixed to the height finder. The azimuth tracker
operates a handwheel to swing the instrument as a whole around the
tripod on which it is mounted. The elevation tracker rotates the in-
strument on its horizontal axis, to keep his telescope sighted on the air-
craft. The angular settings so obtained are indicated on two dials, and
are used to insure that the height finder and antiaircraft director are
sighted on the same target. For this purpose, the azimuth and elevation
settings of the antiaircraft director telescopes are transmitted to the
height finder dials. But the most important function of the trackers is
to keep the height finder centered on the aircraft, for the stereoscopic
observer’s benefit.

c. The principle involved in range finding is the measurement of
the small angle between two rays of light arriving from the aircraft at
two widely separated points on the height finder. This measurement is
merely a scientific extension of a person’s ability to judge the distance
of nearby objects by virtue of the rays of light entering the two eyes.
The height finder serves the purpose of optically separating the ob-
server’s eyes by 13.5 feet.

d. The two rays entering the height finder are used to create two
images of the aircraft, one for each eye of the stereoscopic observer. The
two images are fused stereoscopically so as to appear as an apparently
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ORDNANCE MAINTENANCE — HEIGHT FINDERS, 13'2-FT., M1 AND MIA1

readings of the height finder. For these reasons, it is necessary to
know how to check the instrument at any time, how to diagnose any
misalinement or other trouble, and how to rectify the trouble. The
instrument has a number of devices built into it to check its own per-
formance. Locating trouble can be done systematically once the prin-
ciples of the instrument are understood and the check-up is done in the
specified manner. Some adjustments and repairs can be made while
the instrument is on location. More serious difficulties involve sending
the instrument back to the base repair shops. One thing must be em-
phasized above all: because of the delicacy of adjustment of the optical
and mechanical parts, it is all too easy to add to the damage or mis-
alinement by doing the wrong thing. It is absolutely necessary that
correct diagnosis be made first and that the adjustments be made in the
order outlined. No attempt should be made in the field to carry out
major repairs; otherwise the instrument may be made much more diffi-
cult to repair at the base repair shop.

g. It must be emphasized that a properly adjusted instrument in
the hands of a well-trained crew is a valuable weapon. But maladjust-
ment renders the whole instrument, procurement, installation, and
training of the crew utterly worthless. Thus, inaccurate functioning of
the height finder endangers the entire gun battery.

3. EXTERNAL APPEARANCE.

a. The height finder is composed of three major units, the Height
Finder Telescope M1 including the Elbow Telescopes M7 (575
pounds), the Cradle M1 (160 pounds), and the Tripod M6 (185
pounds). These units are packed separately in steel boxes for trans-
portation; the total combined weight when packed is 2,160 pounds. The
major units are shown in relation to each other in figure 2, as seen from
the front side (which faces the target). The base length (distance
between entering rays) is 13.5 feet. The fronts of the tracking tele-
scopes (Elbow Telescopes M7) and their eye shields can be seen on top
of the horizontal tube either side of center.

b. Some of the controls and other details on the observer’s side of
the instrument are indicated in figures 3 and 4. The central eyepiece
assembly is for the stereoscopic observer. The measuring knob (fig. 3)
to the right of these eyepieces is operated by the stereoscopic observer
to alter the apparent distance of the stereoscopic image relative to the
reticle marks. The elevation adjustment knob to the left (fig. 4) is
also operated by the stereoscopic observer, and serves as a fine adjust-
ment to position the aircraft image vertically in the eyepiece field, the
elevation tracker having brought the aircraft vertically into the field.
The change-of-magnification crank changes the optical power of the
range-height system to either 24 or 12 power, so that a larger or smaller
stereoscopic image can be obtained. To the right of the right-hand
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tracking telescope (fig. 3) is the height-range lever latched in position
for range measurement. Another setting is provided for height meas-
urement.

¢. .The azimuth tracking telescope appears in figure 3. The azi-
muth tracker operates the traversing handwheel to swing the instru-
ment around the tripod, at either of two speeds as selected by the
change-of-speed crank. The elevation handwheel and change-of-speed
crank appear in figures 3 and 5. The elevation tracker revolves the
main telescope by the handwheel. The azimuth and elevation indica-
tors (figs. 3 and 4) show the azimuth and elevation settings for both
the height finder and the antiaircraft director with which it is associated.

d. Some of the controls, adjustments, lamps, and other details on
the front side of the instrument are shown in figures 5, 6, and 7. One of
the height finder crew reads the height indicated on the measuring
scale (fig. 7) and operates the transmitter handwheel to make the
transmitter scale read this same value, to be transmitted electrically
to the antiaircraft director. The vertical parallax dial is set to correct
the height value transmitted, to allow for altitude differences between
height finder and antiaircraft director, or for other minor corrections.
The director crew is informed when to accept the transmitted data by
means of a signal light located on the director. This signal light is
operated from a push button on the height finder.

e. Production Differences by Serial Numbers. Height Finders
M1, serial numbers 1 to 32 inclusive, differed from later production in
two respects: The tracking telescopes were different and lacked the
adjustable alinement feature on later instruments. The packing chest
for the height finder telescope, as provided for these early instruments,
lacked the desiccating valve which is on later chests. Minor changes
have occurred since serial number 33, but these do not affect any of
the instructions in this book except where noted.

f. Height Finder M1Al. When a helium retention apparatus is
attached to the Height Finder M1, its designation is changed to Height
Finder M1A1l. This apparatus consists of a bellows, a tank of helium,
and a control panel, which are permanently attached to the height
finder telescope. Valves which are part of the equipment regulate the
helium pressure within the height finder so it does not fall to a point
where moist air can leak into the instrument from the outside. Main-
tenance and repair of the helium retention is not described in this
manual, but will be included in a revision.

15
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Section lil

PRINCIPLES OF OPERATION

Paragraph
Explanation of lenses and prisms ... 4
How the height-finding system works ....................................... 5

4. EXPLANATION OF LENSES AND PRISMS.

a. The height finder is one of the most complex optical instruments
with which military personnel must deal. Many types of optical ele-
ments are represented in this instrument; it will therefore aid in a
more thorough understanding if the functions of these individual ele-
ments are understood.

b. Lenses. .

(1) The most important property of a lens is its ability to form an
image of an object. All so-called positive lenses, whether simple or
very complex, have this property. Light rays from the object reach all
parts of the lens, which is shaped so that all the rays from each part
of the object are bent to converge on the corresponding part of the
image (fig. 8). This image is formed on the opposite side of the lens
from the object and at a certain distance from the lens. One of the
rays from each part of the object passes through the optical center of
the lens and proceeds in the same straight line* to the corresponding
part of the image. Therefore, the image is upside down in respect to
the object. An image can be seen and understood readily this way:
Take any camera, open its back, and, with the shutter and lens dia-
phragm wide open, look through the lens from about a foot back of the
camera. An upside-down image can be seen about where the film would
come. Only part of this image can be seen at one time, that part being
limited by the size of the lens and the iris of the eye, because light
travels in straight lines from the lens to the eye. The whole of this
image can be seen by placing a ground glass or even a thin sheet of
paper across the back of the camera, since the ground glass scatters the
light in all directions and some enters the eye from every part of the
image.

(2) It will be noticed in the ground glass that images of all distant
objects are sharp, no matter what their distance. The size of the image
increases with decreasing object distance, but the image position does
not change much until the object is relatively close to the lens. The
position or plane occupied by the ground glass or film for such distant
objects is called the focal plane of a lens. Actually, the focal plane is
an imaginary plane at a fixed distance from the lens and parallel to it.

* This discussion intentionally ignores the nodal points.

16
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The distance to this plane from a fixed point in the lens is called the
focal length. The actual focal length is determined by the construc-
tion of the lens.

(3) It will be noticed that the ground-glass image of an object only
a few feet away is not sharp unless the distance from lens to ground
glass is increased. In other words, the image of a nearby object falls
behind the focal plane, and the nearer the object, the farther back is its
image. This shift in image for nearby objects is one factor which affects
the shortest range which can be measured by the height finder. The
image of nearer objects falls in the wrong place.

(4) Image size depends not only on object distance, but on focal
length as well, the greater the focal length, the larger the image and the
greater its distance from the lens.

(5) Each part of the object and the corresponding part of the
image are connected by an imaginary straight line which passes through
the optical center of the lens. One imaginary line passing through this
optical center at right angles to the face of the lens is called the lens
axis. The mechanical and optical axes are the same if the lens has
been properly mechanically centered. It will be appreciated that any
mounting which decenters the optical center of the lens would throw
the image sideways by a slight angle.

(6) The type of image so far described is called a “real” image. It
can be projected on a ground glass, photographic film, or other surface.
This image is actually a light pattern which exists in space. Another
type of image, called a “virtual” image, can be seen through a lens, but
does not actually exist in space and so cannot be shown on a ground
glass. For example, a virtual image can be seen through a lens when
the object concerned lies between the focal plane and the lens (fig. 9).
Such a lens is usually of short focal length, and the image appears to be
distant, magnified, and right side up. A hand magnifier used in the
ordinary way produces such a virtual image. In contrast to the focal
length to image size relation for real images, the shorter the focal length,
the larger the virtual image. The object so viewed can be an image
created by another lens. A hand magnifier can be used to look at the
aerial image in the camera experiment described earlier. An aerial
image also serves as object in the height finder eyepieces as explained
later.

c. Types of Lenses.

(1) OsBJEecTIVE. Different type names are used for various lenses,
depending on the part they play. The term “objective” is applied to
the lens which creates the first image of the actual object. In the
case of the height finder, this object is the aircraft. Range finder and
telescope objectives are usually long in focal length to secure a large
image.

17
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RA PD 67874

Figure 8 — Formation of .a Real Image by a Lens

RA PD 67875

Figure 9 — A Virtual Image Seen Through a Lens
18
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(2) FiIeLDp LENs. The term “field lens” refers to a lens which is
placed in the same plane as this image. This lens converges the beam
which has formed the image, so that the rays will all enter the next
lens in the system. Thus the whole image within the field lens can
be seen. In the absence of a field lens, only the central part of the
image would be visible, just as in looking at the aerial image in the
camera without a ground glass. The field lens does the same thing as
the ground glass, but with no loss of light.

(3) ERECTING LENS. An “erector lens” or “erecting lens” is one
which creates a second image of the first image formed by the objective,
for the purpose of providing a right-side-up or “erect” image. The first
image is inverted, and the second image is again inverted, which makes
it erect. The second image can be larger, smaller, or equal to the first
image in size, depending on the focal length of the erector lens and
its distance from the first image. The erect image is naturally farther
from the objective than the first inverted image. In other words, the
erector lens has added length to the optical system. The erect image
usually comes at the eyelens, so the observer sees an erect image.

(4) EYELENS. The term “eyelens” applies to the magnifying lens
which allows the observer to see the final image. This lens presents a
large, erect virtual image of the small, real image created by the other
lenses of the system. Eyelenses are short in focal length to give a
magnified image.

(5) CoLLIMATING LENS. A “collimating lens” is used to provide
a so-called “artificial infinity,” that is, a virtual image at a very great
distance. The function of this lens as used in the height finder is
described in detail later.

(6) The terms “eyepiece” or “ocular” are applied to the combina-
tion of the field lens and eyelens, usually within a cell. This combina-
tion is moved towards, or from the objective to accommodate the
observer’s eye.

d. Reflecting Prisms and Mirrors.

(1) Areflecting prism is a block of glass with polished flat surfaces
so arranged that the light enters, is reflected while inside the glass,
and comes out in a new direction. Reflecting prisms, of which there
are several different types in a height finder, can be thought of as
mirrors or combinations of mirrors. Prisms are used rather than mir-
rors because a prism can be mounted in a simpler and more perma-
nent mount than the mirror could be, and can produce without
distortion complicated reflections which would be impractical with
mirrors.

(2) 90-DEGREE OR RIGHT-ANGLE PRISM. The simplest reflecting
prism is the ordinary “90-degree prism” or “right-angle prism” in which
the beam of light enters one face, is reflected at 90 degrees by the
long face of the prism, and comes out the other face (A and B, fig. 10).

19
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(3) Another very simple type of prism is the penta prism; two
of these are used in the internal target system of the height finder.
The penta prism shown in A and B, figure 11, reflects the light ray
through an angle of 90 degrees just as the right-angle prism does, but
by two reflections as shown. Because of the arrangement of these
two reflections, turning the prism in the plane of the light rays does not
turn the reflected light ray. Therefore, this type of prism is not so
sensitive in its mounting adjustment. For this reason, this type is
used in the internal target system where the angle of reflection be-
tween the ray entering and the ray leaving must remain absolutely
constant. Penta prisms would be used in the ends of the height finder
to reflect the incoming rays from the aircraft at 90 degrees, but in this
instrument such prisms would be prohibitively large. For this reason,
two mirrors are used to replace the two reflecting surfaces of a penta
prism (C, fig. 11). The mount of the two mirrors as a whole is no
more sensitive than that of the penta prism, but the mounting of
each mirror individually is very sensitive, just as the mounting of a
right-angle prism is.

(4) The mirrors used in optical instruments are not the ordinary
household type made of plate glass. In the first place, ordinary plate
glass is not good enough optically, that is, does not have sufficiently flat
surface. This surface in an optical mirror must be obtained by grinding
and polishing, just as a lens is manufactured. In the second place, the
ordinary household mirror having the reflecting back surface has, in
addition, a faint reflection from the front glass surface, so if such a
mirror is used, for example in place of a right-angle prism, there is a
main image and, in some cases, a “ghost image” some distance to the
side of it. For this reason, some optical mirrors have their reflecting
surface on the front face. These are so-called first-surface or front-
surface mirrors. The reflecting surface is a thin film of metal chosen
for its resistance to tarnish, etc. It is, however, subject to scratch.

(5) Getting back to prisms, another type is the double right-angle
prism or ocular prism, which consists theoretically of two right-angle
prisms joined with two short faces in contact. It reflects a beam of
light twice, the first time at right angles, the second time at right angles
to the plane of the original beam and its first reflection (fig. 12). The
image remains correct right to left. Such a prism is used in the range
finder system to turn the beam out into the eyepiece system. The
prism actually used in this instrument is designed to depart slightly
from a 90-degree angle at the second reflection for observer’s con-
venience.

(6) In a rhomboid prism (A and B, fig. 13), the light ray undergoes
two right-angle reflections so that the ray emerging from the prism
is displaced from, but parallel to, its original direction. The image
remains correct right to left. The rhomboid prism and any optics
which follow it can be rotated about the axis of the incoming light ray.
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(7) A roof prism can be thought of as a right-angle prism which
has been modified so that, in reflecting the light through 90 degrees,
two reflections rather than one are involved. This is to obtain an image
that is correct left to right, not reversed, as explained later. A roof
prism differs from a simple right-angle prism in that the long face,
which does the reflecting in the right-angle prism, is raised into a
roof (fig. 14). The peak of this roof has an angle of 90 degrees. As
in the right-angle prism, light traveling horizontally, for example,
enters one short face, strikes one side of the roof, and is reflected
upwards obliquely, strikes the other side of the roof which reflects it
straight upward. The light then leaves the other short face in a
direction at right angles to that in which it entered the prism. Usually
the parts of the roof prism not used by the light rays are removed,
which affects the prism’s appearance but not its fundamental shape
and function.

(8) One important fact about any reflections from prisms or
mirrors is this: A single reflection reverses an image left to right; the
image you see of yourself in a mirror is one example. A second
reflection reverses it again, which makes it correct. Hence, an odd
number of reflections always gives rise to left-to-right reversal, and
an even number gives a correct image. This left-to-right reversal
should not be confused with the inverted image created by a lens.
Such an image is still correct, though inverted, but a reversed image
cannot be made to look correct no matter how it is turned around.
For these reasons, it will be found that in the tracking telescopes and
in the range finder system, the total number of reflections is even,
so the images are seen correctly.

e. Refracting Plates and Wedges.

(1) When a ray of light enters any polished glass surface at any
angle other than a right angle, the ray is bent or “refracted” as it enters.
The changed ray makes a smaller angle with the “normal,” an imagi-
nary line inside the glass which is at right angles to the surface at the
point where the ray enters the glass. When the ray of light leaves
the other side of the glass it is again refracted, this time away from
the “normal” where the ray leaves (A, fig. 15). If the piece of glass
is a plate with parallel faces, the direction of the light ray coming
out is parallel to, but displaced from, the ray coming in. The more
oblique the plate with regard to the light ray, the more will be the
sideways shift in the light ray that leaves the plate. Such a plate is
used in the height finder to obtain a slight paralled shift of light rays
in the height-of-image adjustment.

(2) If the piece of glass through which the ray passes is not
parallel-faced but is wedge-shaped, the angles of refraction at the two
surfaces are not equal, and so do not cancel one another. The emerging
ray will therefore make an angle with the ray’s original direction.
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distant object (in the case of the M1 by two trackers with their tele-
scopes) so that rays coming from the distant object enter opening O
at right angles to the long axis of the instrument. From the very
distant object E, the rays of light EB and E’A, entering O and Q are
parallel. To see the effect on the light ray entering Q, suppose the object
is moved up to position D. As before, the instrument is so lined up
that the ray entering O from D is still at right angles to the instrument.
But now the light ray DC makes a considerable angle with the original
light ray that came from E. In other words, the angle between EA
and DC increases as the object gets closer to the range finder.

(2) It is not practical to measure the angle without changing the
direction of the ray DC. Actually, as the ray DC enters the opening Q,
a means is provided to deviate the ray back to the position A. The
means of deviating is the use of a glass wedge arrangement of variable
angle. Since D may be at any distance, in other words, since the angle
at Q may be any one of a number of angles, a wedge arrangement
whose power can be varied is used. In B, figure 16, the wedge is shown
at Q deviating the ray DC over to C’ which coincides with A. The line
is shown separately to clarify matters. Actually, A and C’ are the
same point. Such a variable wedge can be obtained by a combination
of two wedges in a manner to be described later. The angle, and
therefore the distance of the object, can be measured from the amount
of deviation of the light ray needed from the wedge. Mathematical
relationships are of course involved in this, but it is possible to actuate
a suitably engraved scale by the adjustment that varies the power of
the wedge so that the scale reads distance directly.

(3) The problem comes up: How can we tell when the light
from D has been deviated sufficiently so that it does coincide with A?
The method used is shown in C, figure 16. The two rays from D are
each reflected through a right angle at O and Q so that both come
toward the center of the instrument and both fall on scales at B and A.
When the ray from Q is deviated the proper amount by the wedge, it
will strike the same point on the scale A as the ray from O strikes on
the scale B. When the two rays do strike the same part of each scale,
actually the center of the scale, the range or distance from O to D can
be determined by the amount of deviation exerted by the wedge.

(4) The simplest way of seeing where the light rays strike the scales
is to make the light rays form images of the distant object which will fall
on the scales in such a way that the images can be seen. This is done
as shown in D, figure 16. Each ray from D is reflected toward the
center of the instrument by a penta prism at O and Q. The penta
prism is used instead of a right-angle prism for reasons explained
previously. The ray from O enters the objective L, which creates an
image of the object D at the scale R. The scale consists of a series
of lines on a transparent glass plate, known as reticle. The image
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RA PD 67883

Figure 17 — Optics of a Simple Telescope Which Produces
an Inverted Image

of D is therefore seen against these lines. The light rays then proceed
from R, are reflected out by a prism, and pass through an ocular so
that the reticle and image at R can be easily seen by the observer.
By this means, the observer can see both reticles and images, one with
each eye. The ray on the right side of the system coming from Q
behaves in the same way, except that the variable wedge in front of
the objective brings the ray to the proper place on the right-hand reticle.

b. The Image-forming System.

(1) There are several additional image-forming optical parts in
the system. Each side of the system can be thought of as a telescope.
In fact, the range finder amounts to a telescope for each eye with parts
added for the purpose of range finding. A simple telescope is shown
in figure 17. A distant object is imaged by the objective in an in-
verted manner, and the reticle is located at the image position. The
eyelens acts as a magnifier to present an enlarged virtual image of this
inverted image to the eye.

(2) Seeing a distant target inverted is not at all convenient in
range finding, or even possible in stereo range finding, so another
element is added to the telescope system to provide a right-side-up
or erect image. The added element is the erecting lens. Figure 18
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shows the erecting lens placed at a suitable distance in back of the
inverted image so it creates an erect image still farther back. In the
case of the Height Fender M1, the erecting lens serves to carry the
image out of the optical tube into the ocular. The focal length of the
erecting lens is such that, when in the position shown dotted, the
erect image is larger than the inverted image. The eyelens is located
behind the erect image; therefore the eye sees a large erect virtual
image. In fact, it is larger than the image from the simple system
shown in figure 17.

(3) The addition of the erecting lens not only provides an erect
image, but also makes it possible to change the size of the image. If
the erecting lens is moved to the position indicated by the dotted lines,
the erect image will be larger than the inverted image. By proper
choice of the two positions of the erecting lens, the erect image in both
cases can be brought in focus at the same setting of the eyepiece.
Therefore, the erecting lens allows a change of power or magnification
(12x or 24x). This is desirable because the high magnification usually
yields high precision in range or height measurements. Since a wider
angle of the sky is included at low power, the 12x setting may be
used for preliminary ranging while the trackers are approaching their
proper adjustment. In addition to the change in image size, there is
another change of practical importance. When the image is small,
assuming all the rays from it can enter the pupil of the eye, it appears
brighter because all the light available to form the larger image is
compressed into the smaller image. This is decidedly helpful at dawn,
dusk, or night, and in general, when visibility is poor.

(4) The most important function of the erecting lens is this:
W ithout this lens the reticle would have to be out close to the ocular,
which would add to the chances of misalinement between reticle and
objective. The erecting lens permits mounting both reticles and ob-
jectives solidly in the same optical tube.

(5) Returning now to the telescope system, the system shown
in figure 18 is not yet practical, because the rays from the objective
which go to the outside edges of the system would pass by the erecting
lens, as shown by the dotted lines in figure 19. In this case, only the
rays from the center part of the image would enter the erecting lens,
and therefore only the center part of the image could be seen. For this
reason, a field lens is added right at the inverted image. This lens
converges the light beams after they form the image so that all rays
enter the erecting lens. Therefore the erect image is not cut off at its
edges. Since the lens just added is at the first image, and since the
reticle scale must also be at the same image, the reticle scale is simply
engraved on the flat face of this field lens.

(6) The question naturally comes up: What converges the rays
forming the erect image into the ocular? Actually, no provision is
needed, since the image is small and close to the ocular. The drawing,
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in the interests of clarity, shows the image very much out of scale.
The erect image, particularly, is shown much larger in relation to the
eyepiece than is actually the case.

(7) Figure 19, then, represents the image-forming elements actu-
ally used in the Height Finder M1. The light is of course reflected
at right angles at several places, notably at the end reflectors and in
the prism system which brings the light rays out into the eyepiece.
But the number and nature of these reflections has been chosen not
to affect the appearance of the image. It is right side up and correct
left to right when seen in the eyepiece. Figure 20 shows a schematic
perspective drawing of the image-forming system, including all the
reflectors and prisms.

¢. The Reticles and Stereoscopic Vision.

(1) As stated before, the Height Finder M1 is correctly adjusted
when each image of the aircraft falls at the same point on each of the
two scales. It is not necessary for the observer to measure the images
with reference to their exact position on the scale; in fact, this is im-
practical with a target in motion. Because of the depth sense resulting
from two-eyed or stereoscopic vision, it is possible to tell immediately
whether the images fall at the corresponding points in the two fields
or not. Exact correspondence in position makes an apparently single
aircraft image float in space in the same plane as an apparently single
reticle scale. If the images do not fall at a corresponding point on the
two fields, the aircraft image appears to fall in the space behind the
scale or in front of it, depending on the right or left displacement across
the field of one image relative to the other. Each aerial image itself
does not fall behind or in front of the reticle; it is always in the same
plane as the reticle. It is because of the relative positions of the two
aircraft images across the two reticles that the sense of depth results.
This depth sense or stereoscopic effect can be illustrated in the follow-
ing way: Figure 21 represents a flat board with three pins located
across the board. The observer’s eyes are indicated at L and R. The
triangle stands on the board on the side of the pins farthest from the
observer and between two of them. The left eye sees the triangle fairly
close to the center pin, as shown; the right eye sees the triangle as
farther to the right. Likewise, the ball on the near side of the pins is
displaced to the left in the right eye view. The two eyes therefore see
different images of the same scene. This is the basis of all stereoscopic
vision and depth sense. Look at the objects about you first with one
eye, then with the other. You are conscious of a difference in the
relative positions of various objects as seen by the two eyes. In this
connection, it is interesting to look at several pencils along the line
of sight of one eye. To the other eye, they appear quite different in
position. If the two photographs for a hand stereoscope are examined,
they will be seen to differ, particularly in the position of nearby and
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very far objects. These differences, then, in the images inside the two
eyes, whether they arise from looking at an actual scene or from looking
at two different photographs or two different drawings, result in a
mental sense of depth. Therefore, if the two views in figure 21 are
looked at in the stereoscope, even though the drawings are flat, the
difference in position of the triangle immediately gives rise to the
sensation that it is farther away than the pins. Similarly, the ball
appears on the near side.

(2) Therefore, if the row of lines in figure 21 is now regarded
as the main scales of the right and left reticles of the height finder,
and the image of an aircraft is placed in the position of the triangle,
the observer will immediately sense the aircraft image as behind the
main reticle scale. The observer then operates the wedges in the
height finder until the two images occupy the exact corresponding
positions in the two fields of view. Stereoscopic vision then makes
the aircraft appear in the same plane in space as the main reticle scale.
The instrument is then correctly adjusted and the range drum scale
can be read.

(3) Actually, the aircraft image need not come among the scale
divisions or close to any of them. It can come anywhere in the field
and, as long as its position in both fields corresponds exactly with
reference to the main reticle scale, it is seen in the same plane as the
scale, that is, stereoscopic contact is obtained. It is of course simpler
to make the adjustment if the aircraft image is just above the main
reticle scale.

(4) The reticles consist of more than a main scale identical in
both. Additional marks are added and are made sufficiently dif-
ferent in position in the two fields so that, because of the observer’s
depth sense, the marks appear to fall in front of or behind the main
scale. The presence of these “fore and aft” marks aids in the ob-
server’s judgment of the target’s position in space. Note in figure 22
that the mark to the right and above the central mark is relatively
farther to the right in the right eye scale. When viewed stereoscopi-
cally, this causes the mark to appear farther from the observer than
the main scale. The outermost mark lying above and to the right
of this mark differs still more in its relative displacement to the
right, and it therefore appears to lie even farther away. The two
marks above and to the left of the center mark also appear to recede
because of their displacement. By reversing the relationship, marks
engraved below the main scale appear to lie closer to the observer
than the main scale. That is, for a given mark, the right eye mark
is displaced toward the left. The result of the placing of these
marks is a series of optical “fence posts” whose pattern makes an “X”
lying in space, shown in figure 23. The observer can see whether
the image of an aircraft is in the plane of the farthest pair of marks,
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LEFT EYE VIEW RIGHT EYE VIEW
RA PD 67887

Figure 21 — Differences Between Right and Left Eye Views in
Stereoscopic Vision

RA PD 15374
Figure 22 — Appearance of Left and Right Eye Reticles from Ocular Side
the next pair, or the main scale, and so on. The appearance of the
aircraft among these various planes aids the observer in adjusting the

instrument. It is also possible, using these marks, to locate shell
bursts in terms of yards behind or in front of the aircraft.
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d. Compensator Wedges (Measuring Wedges).

(1) The ability to displace or deviate one image, which is re-
quired to bring the two images of the target into stereoscopic contact
with the reticle marks, is offered by the compensator wedges. While
the compensator wedge unit actually contains four individual wedges,
each composed of two pieces of glass to make it achromatic, the
whole unit affects the displacement of the right-hand image to the
right or left like a single wedge of variable power.

(2) The variable power, which produces the variable deviation,
is produced by rotating the wedges with respect to each other. The
effect can be illustrated by the following mechanical analogy: Con-
sider two wooden shingles placed with both butts together and both
thin edges together. The wedge angle between the outside surfaces
of the two shingles will be twice that for either one alone. If, now,
the shingles are turned so that the butt end of one is next to the thin
end of the other, the slopes cancel each other and the two outer sur-
faces are parallel with no wedge effect. For various positions be-
tween these two extremes, the effective wedge angle varies from zero
to twice the angle of one shingle.

(3) In the same way, when two optical wedges are placed with
their bases in the same direction, the wedge effects add, and the total
image displacement is equal to twice that of a single wedge. If the
two wedges are now rotated 90 degrees, but in opposite directions,
the base of one will come next to the thin edge of the other, the
wedge effects cancel, and the image is not displaced. Intermediate
positions cause a displacement which increases as the base of one
rotates farther from the thin edge of the other (fig. 24).

(4) MEASUREMENT OF RANGE. For simple measurement of
range, only two individual wedges would be needed. Actually, the
four wedges of the height finder system divide into two pairs, 1 and
3, and 2 and 4 and, as far as the range mechanism is concerned, each
pair acts as one of the single wedges of a simple measuring wedge
combination. These wedge pairs are rotated relative to each other
by a shaft and gearing from the range measuring knob. The relative
positions of the wedge pairs 1 and 3, and 2 and 4 determine the
readings of the scale on the range drum which is also geared to the
measuring knob shaft assembly. The scale is calibrated to read
directly the range in yards which corresponds to the deviation pro-
duced by the wedge setting. In order to make the scale long enough
for convenient and accurate reading, the gearing is arranged to make
the drum turn much faster than the wedges. The graduations on the
scale are not uniformly spaced but come closer together at the high
end of the scale.

(5) MEASUREMENT OF HEIGHT. In antiaircraft fire control, it is
the height or altitude of the target that is determined by the height
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finder. The height conversion mechanism automatically combines
the range, along the line of sight from the instrument to the target,
and the elevation angle to determine the vertical height which is
shown directly on the scale of the range drum. This conversion
takes place continuously as the elevation tracker keeps the instru-
ment alined on the target. Thus the reading on the drum is constant
for an aircraft in level flight, even though the range is changing.
Since the variations of target height are normally quite small, stereo
contact can be made and maintained on a flying target in spite of
the rapidly changing range. This frees the operator from the strain
of trying to keep pace with continuously changing readings and
enables him to make more deliberate and accurate stereoscopic
settings.

(6) The height conversion mechanism is put into operation by
lifting the height-range lever from the “range” position, and rotating
the height-range conversion ring around the height finder tube to
allow the lever to be locked in the “height” position.

(7) When the target is directly overhead the range and height are
identical. When the height finder is elevated to make the line of sight
vertical, the “range” and “height” positions coincide, and the locking
lever can be thrown to either position without moving the height-range
ring. For any direction other than vertical, the range is greater than
the height, but the conversion mechanism changes the deviating power
of the range wedges. Thus, when the drum and therefore the range
wedges is rotated to the position which shows the height in yards, the
deviation actually produced by the wedges corresponds to the range
of the target.

(8) When the conversion mechanism is set for height, the con-
version ring is fastened to the stationary bearing housing, so that the
ring rotates with respect to the tube as the height finder is turned to
lower the line of sight from vertical. This motion is transmitted
through the height conversion gears to the measuring wedges in such
a manner that the individual wedges in each range pair are rotated
by equal amounts and in opposite directions with respect to the line
of sight. This mutual rotation of the components of the pairs 1 and 3,
and 2 and 4 turns the bases of the wedges away from each other as
indicated in figures 25, 26, and 27. This reduces the effective deviating
power of each pair, as explained in subparagraph d (3), above, by
the proper amount to compensate for the difference between the range
and the height of the target. In figure 25, the line of sight is vertical
and the wedge pairs act the same for height as for range. When the
line of sight is inclined (fig. 26), wedge 1 is rotated away from 3, and
2, away from 4, so that the combined deviating effect is reduced. When
the line of sight is horizontal (fig. 27), and the height range is set for
height, wedge 1 opposes 3, and 2 opposes 4, and each pair produces
zero deflection.
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Lined
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A — COMPENSATOR SET FOR HEIGHT INFINITY

B — COMPENSATOR SET FOR MEDIUM HEIGHT

RA PD 15425

Figure 25 — Action of Measuring Wedges — Line of Sight Vertical
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e. Accuracy — The Unit of Error (UOE).

(1) Based on the uncertainty of observation, an error is introduced
in ranging by the observer himself, and this error must be taken into
consideration in evaluating the accuracy of the instrument. It has
been found that, in using the stereoscopic principle, the average ob-
servational error among competent observers represents an angle of
12 seconds at the eye. This disparity angle, known as the unit of error
(UOE) and expressed in radians for convenience, enters into all calcu-
lations for yardage errors in ranging. For example, the UOE multiplied
by the square of the range in yards and divided by the product of
range finder base length and magnification will give the error in yards,
known as “Range Error equivalent to 1 Unit of Error,” based on the
uncertainty of observation.

(2) As mentioned above, the ranging error in yards, based on
the uncertainty of observation, can be calculated from the formula
UOE x R*

BxM
where UOE is the unit of error expressed in radians, R is the range in
yards, B is the base length, and M is the magnification. Since one
radian is equal to 206,265 seconds, the UOE becomes 12
206,265
or approximately 0.0000582 radians. The base length is 4.5 yards,
and the magnification 12 or 24, depending on the position of the
change-of-magnification crank. Example: What is the probable error.
(PE) in ranging a target at 5,000 yards, using a magnification of 24?

PE — 0000582 x 5000° __ 13.5 yards
4.5 x 24

(3) It is evident that UOE and base length are constants, so a
multiplying factor can be calculated for the two magnifications, which
can be used to obtain the probable error direct from the square of
the range.

Factor for 12 power (F,,) :-3_‘)500_5;323 —-.00000108
O X

Factor for 24 power (F,,) :-%0500% — 00000054
DX

Now, the previous calculation becomes
50002 x .00000054 — 13.5 yards

NOTE: Recent research confirms that the power-of-magnification
formula does not operate as a linear function in practice due to other
factors which affect the observer’s judgment. Therefore, an observer
will not read twice as well at 24x as at 12x. To avoid this and other
factors which may be confusing, a different approach which refers to
UOE as a change in the range-finding triangle is advanced in TM
4-250. For example, a UOE is there defined as one four-hundredth of
a mil error in estimating the convergence angle in the range finding
triangle.
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(4) Itshould be noted that squaring the range in thousands of yards
adds six places to the square of the “thousand” figures, which in turn
is canceled out by the number of places in the multiplying factors
F,, and F,,. These, then, become 1.08 and .54 respectively as multi-
pliers for the square of the first significant figures:

5% x .54 — 13.5 yards

(5) Now, since these factors approximate one and one-half respec-
tively, a sufficiently accurate (within 10 percent) result can be ob-
tained mentally by squaring the figure representing thousands of
yards when low power is used, or taking one-half the square when
high power is used.

52
2

(6) Obviously, the calculation of probable error results in a plus
or minus figure, that is, the range may be read long or short of the
target by the number of yards indicated. Also, the above examples
are based on one unit of error, while the tolerance allowed for the
instrument itself is higher. Even so, it is evident that measurements of
high precision are still obtainable. The height error which arises from
uncertainty of observation is less than the range error in the same pro-
portion that height is less than range. However, height measurement
is affected by other factors, such as inaccuracy in leveling the instru-
ment and atmospheric conditions. The effect of these two factors is
greatest as low elevation angles.

— 12.5 yards, for high power

Section IV
DETAILED DESCRIPTION

Paragraph
Mechanical supports of the optical units .. .. .. :3 .
Optical units of the height-finding system......................... .. . 7
Tracking telescopes (elbow telescopes M7).............. ... 8
Cradle M1 ... 9
Tripod M6 ... . . 10

6. MECHANICAL SUPPORTS OF THE OPTICAL UNITS.

a. The main structural elements of the Height Finder Telescope
M1 consist of three tubes: The main outer and inner tubes, which
together form a double-walled body tube, and the optical tube. The
outer tube serves as a main frame, and directly supports some of the
optical units. It also supports the inner tube, which in turn supports
the optical tube and the rest of the optical units. The inner tube also
permits rotating all the central optical units and end reflectors, thereby
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providing an elevation fine adjustment. The outer tube is covered
with a layer of heat-insulating material of hair felt covered with canvas
to further retard temperature changes in the height finder and for
protection against denting and rough handling.

b. The instrument is hermetically sealed* and filled with desic-
cated helium, to prevent the optical parts (except the eyepiece as-
sembly) from becoming fogged due to condensation of moisture re-
sulting from temperature changes. All adjustment of movable parts
inside the instrument is effected through rotating shafts which enter
the tube through airtight packing glands. The eyepiece assembly,
which has several moving parts, is mounted in a well having circular
glass windows cemented at the bottom of it, which separates it from
the sealed interior of the instrument. The outer and inner tubes are
both made of seamless steel tubing, cadmium-plated to prevent cor-
rosion.

¢. Outer Tube.

(1) The outer tube (5, fig. 28) serves as a housing for the instru-
ment proper, and supports the inner tube without strain. The outer
tube turns in elevation on two ball bearings, one on each side of the
center of the tube. The outer races (15, fig. 28) are attached to the
cradle or support for the height finder when the instrument is set up,
while the inner races (16, fig. 28), are attached to the tube, permitting
the height finder telescope to be rotated freely in elevation.

(2) Carrier handles mounted near the ends of the tube provide
hand grips for eight men or more when the instrument is being lifted
on or off its cradle. Feet below the carrier handles support the tube
when it is necessary to set it on the floor or ground.

d. Inner Tube. The inner tube (6, fig. 28) is encased by the
outer tube, and cannot be reached without breaking the hermetic seal
of the instrument. The inner tube carries the end reflectors and other
sensitive optical parts of the height finder that should remain stable
and in perfect alinement. The inner tube, therefore, is supported in
the outer tube in a manner which permits the inner tube to expand
or contract freely, so that it is not affected by minor deformations of
the outer tube. The two bearings (7, fig. 28) on which the inner tube
is supported are located so that the tube is balanced and will not
sag in the center or at the ends. The inner tube can be rotated
slightly inside the outer tube by means of the elevation adjustment
knob. This adjustment does not affect the height conversion gear
system.

e. Optical Tube.

(1) The optical tube carries the objective lenses and the reticles
(fig. 28), the rigidity of which determines the precision of the entire

* Due to unavoidable leakage, periodic desiccation is needed.
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instrument. The optical tube also carries the erecting lenses and cen-
tral prisms. Therefore, it is the most important mechanical part of
the instrument and is made with the greatest degree of precision. A
forging of special composition having a low coefficient of expansion
is used for this purpose.

(2) The optical tube is supported in the inner tube on three-
point bearings at two places only, and is held longitudinally by a
single screw (23, fig. 28). This permits the optical tube to have
freedom so that it is positioned but not restrained by the inner tube.

7. OPTICAL UNITS OF THE HEIGHT-FINDING SYSTEM.

a. End Windows. The end windows (figs. 28, 29, and 30) serve
two purposes: first, they form a transparent seal for the tube; second,
they provide an adjustment for the manufacturer or an optical re-
pairman for adjusting the instrument to read the correct range.
Although all of the optical parts of the height finder are carefully
calculated and made, and the mechanical parts accurately fitted,
slight errors which cannot be detected by ordinary measurements
may accumulate enough to be detected in a finished instrument. The
end windows are optical wedges of very small angles, and are so
mounted that they can be rotated to compensate for the accumulated
errors in the whole optical system; the adjustment is used as a final
correction after the instrument has been assembled or repaired.

b. End Reflectors. In order to maintain acceptable accuracy, it
is essential that the rays entering the end windows be reflected at
right angles to the original direction. If a simple prism or mirror
were used, the angle of reflection would be very sensitive to any
inaccuracies or variations in the angle of the reflecting unit as a
whole to the incoming ray, such as might be caused by flexure of the
tube. To avoid this difficulty, the end reflectors are designed like
"penta prisms; they contain two reflecting surfaces very rigidly
mounted with an included angle of 45 degrees. With this type re-
flector, as discussed in paragraph 4 d (3), the angle of reflection
remains constant, even if the reflector as a whole is rotated slightly
or the direction of the entering ray is varied. While the angle of
reflection is not affected by rotation of the mount as a whole, it is
very sensitive to any changes in the angle between the two reflecting
surfaces. Therefore the reflector unit is constructed so as to keep
any possible variation to a minimum. A built-up construction is
used, with two glass mirrors mounted to a 1-piece steel block. The
mirrors have accurately ground and polished plane surfaces, and are
of sufficient thickness to retain their shape, but not so thick that
changing temperatures are likely to cause distortions. The block is
made from a solid piece of steel having an expansion coefficient
approximately the same as that of the glass. The mirrors are mounted
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at 45 degrees to each other, and each mirror rests on three raised
spots which are accurately finished and polished. A steel spring
plate with three cork pads holds each mirror firmly to the steel block,
yet leaves it free to dilate. This permits expansion and contraction
due to temperature changes without producing any strain or stress
in the reflectors. The inside of the block is scored to reduce the pos-
sibility of reflections being picked up from the walls. The block has
a 3-point bearing on a bracket fastened to the end of the height
finder inner tube. The only effect of movement of the reflector, due
to slight deformations of the inner tube, would be to throw the
images out of adjustment in height. This can readily be corrected
by the height-of-image adjustment, as explained in subparagraph
j (2), below.

c. Objectives. The objective lenses which form images of the
target on the reticles must have as nearly as possible the same focal
length (approx. 463 mm); otherwise the magnification of the two
images will differ and range readings will vary between the center
and sides of the field. Therefore, the objectives are carefully selected
and adjusted to work in pairs, allowing for the rest of the system.
Since the surfaces of the wedges, end reflectors, end windows, etc,,
may have very slight curvature and therefore optical power, the sum
of all these powers plus the optical power of objective for each side
must balance. Each objective is composed of a positive lens of
crown glass and a negative lens of flint glass. These lenses are
mounted in special steel cells held by threaded steel rings and sepa-
rated by metal spacing rings. The mounting and spacing must be
carefully adjusted to give the correct focal length, and the lenses
must be held firmly in their mounts without strain. Any sideways
shake of the elements would give a very serious range error.

d. Reticles.

(1) The reticles carry the reference markings with which the
positions of the images formed by the objectives are compared.
Therefore, they must be mounted with the markings in the principal
focus of the objectives. The reticle is mounted so that it is in proper
focus in the eyepiece, and then the objective assembly is moved in
or out to make the focal plane coincide with the plane of the reticle
markings. Each reticle is mounted in a bracket which allows rota-
tion about the central axis as well as movement in any direction
perpendicular to the optical axis of the instrument. Thus the reticle
can be rotated to make the markings appear level, and the center
mark can be alined with the axis of the erector lens. Either reticle
mount can be removed without disturbing the adjustment of the
height finder, although the hermetic seal must be broken.

(2) The reticles are engraved on plano-convex lenses which also
serve as field lenses to converge the image rays into the erector
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lenses so that the whole field will be imaged by the erectors in the
focal plane of the eyepiece. The reticle markings are etched into
the plane surface, which is mounted facing the objective lens. The
etched marks are filled with an opaque material so that they will be
readily visible against the background of the field. The markings
can be illuminated at night by light transmitted through Lucite rods
to the edges of the reticles. The light enters the reticle glass and is
reflected from the inner surfaces of the filled lines. The placing of
the “fore and aft” marks differs for the right- and left-hand reticles,
in order to produce the stereoscopic separation, as described in para-
graph 5 ¢ (4). Therefore, the reticles cannot be interchanged on the
two sides of the height finder. Furthermore, the reticles for each
height finder are matched and should be used only in matched pairs.

e. Erecting Lens System.

(1) The beams from the image at the front surface of the reticle-
field lens are converged by the convex surface of the lens into the
erecting lens system.

(2) Each erecting lens consists of two cemented achromatic
lenses with an air space between, mounted on the erector tubes (fig.
31) which fit into the optical tube, and it can be moved along its
axis by the links connected to the change-of-magnification disk which
the observer turns with the change-of-magnification crank. As the
disk is rotated, the links draw the erector tubes toward the central
ocular prisms or push them away from these prisms. Two spring
detents hold the disk on either of its two alternate positions. The
distance through which the erectors move is such that the effective
optical distances between the reticle and erector, and the eyepiece
and erector, are interchanged so that the object distance (reticle to
erector lens) for one position is equal to the image distance (erector
lens to eyepiece) for the other position. Thus the erector focuses
either a magnified or a reduced image of the reticle at the focal plane
of the eyepiece.

f. Central Ocular Prisms.

(1) The two ocular prisms at the center of the optical tube turn
the rays away from the axis of the instrument, so that the images
formed by the erecting lenses are brought out to a position where
they can be observed through the eyepieces. Each ocular prism is
of the double right-angle type, although the second reflection departs
intentionally from a right angle. The first reflecting surface turns
the rays at 90 degrees from the axis toward the front of the instru-
ment; the second surface then directs the rays upward at a suitable
angle into the eyepiece unit. The departure from the second right-
angle reflection inclines the beam toward the observer by 10 degrees.
The two reflections keep the image from being reversed, and offset
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the rays from the center line of the tube enough to allow insertion
of the rhomboid prisms in the eyepiece unit.

(2) The ocular prisms are held securely in brackets (fig. 31)
which are screwed and pinned to the optical tube.

g- Eyepiece Unit (fig. 32).

(1) The rays reflected from the central prisms pass out to the
eyepiece assembly through windows sealed to the outer tube. The
eyepiece assembly contains two sets of ray filters, two rhomboid
prisms, and two eyepieces,

(2) Each eyepiece is made up of two cemented achromatic
lenses in a focusing cell. Thus, each eyepiece can be individually
focused for the observer’s eye. The focus setting is shown on a
diopter scale below the eyepiece ring.

(3) The rhomboid prisms offset the light rays without changing
their direction. Since each prism provides two reflections, the image
is not reversed. By rotation of the rhomboid prisms and eyepieces
around the fixed center lines coming from the central ocular prisms,
the distance between the two eyepieces can be adjusted to fit the
separation between the observer’s eyes. This movement is effected
through a lever operated by a handle which indicates the interpupil-
lary setting on an external scale calibrated in millimeters.

(4) The filters or colored glasses are used for sighting against
a brilliant sky, through haze, and on camouflaged targets. Red, amber,
blue, neutral, and clear filters are provided. These filter glasses are
arranged and mounted so that turning a single knob brings a glass
of the same color into the field of each eye.

(5) The eyepiece assembly is mounted to the outer tube, and,
since it is used only as a reading device, slight changes in the outer
tube will not affect the accuracy of the range readings. Because of the
various sliding parts, the eyepiece assembly is not made a sealed part
of the height finder. Thus it can be removed and cleaned without
breaking the hermetic seal of the instrument. This must not be done,
however, unless a divergence tester is available to check the alinement
when the assembly is replaced. A metal cover is provided to protect
the external parts of the eyepiece assembly when not in use. When
the instrument is in use, the cover is removed and attached to one
tripod leg.

(6) An adjustable headrest helps the observer to keep his eyes
properly placed above the eyepieces while the instrument is being
traversed in azimuth and elevation.

h. Compensator (Measuring) Wedges.

(1) The compensator or measuring wedge assembly (fig. 33) is
located between the right-hand objective and end reflector. Thus it is
not sensitive to any slight shifts in position, and, since it must be geared
to the height conversion ring around the outer tube, the assembly is
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pensator wedge assembly (fig. 35). Thus, when the measuring knob
is turned, both the scale and the wedges are rotated the proper relative
amounts.

i. Height Conversion Mechanism. The height conversion motion
of the measuring wedges is controlled by a ring which rotates around
the outer tube at the right main bearing. This ring carries a lever
which can be swung to the right (range position) to engage a bracket
on the outer tube, or to the left (height position) to engage a bracket
on the bearing housing which is fastened to the cradle. On the side
of the ring is a gear which engages a bevel pinion, which transmits
the height conversion motion to the compensator wedges.

jo Height-of-image Adjustment.

(1) In order to produce the proper stereoscopic effect, the images
formed in the two sides of the height finder must appear at the same
height relative to their respective reticles. A height adjuster is pro-
vided in the left-hand side of the height finder which allows the left
image to be raised or lowered to match the height of the right image.

(2) The height-of-image adjustment is accomplished by means of
a thick glass plate (20, fig. 28) with parallel surfaces. This glass plate
is mounted in a metal frame which can be tilted mechanically about
its horizontal diameter as an axis. This results in raising or lowering
the rays as they pass between the left objective and the left reticle. The
adjustment is made by rotating the height adjuster knob.

k. Elevation Fine Adjustment. The purpose of the elevation
fine adjustment is to allow the stereoscopic observer some freedom in
the vertical placing of the target image. In ranging on a moving target,
the trackers keep the instrument trained on the target so that it is visi-
ble in the small stereoscopic field. The stereoscopic observer reading
the instrument sees a horizontal line of marks in the reticle field, any
one of which he may use as the reference mark. If, however, the target
image is much above or below the markings, the observer will be unable
to read accurately without the elevation fine adjustment, which permits
him to place the target near the reticle marks. The motion is confined
to the inner tube and all the parts fastened to it, including the end
reflectors. The inner tube is mounted so that it can rotate within the
outer tube. The elevation movement is introduced by an eccentric
motion which is turned by the elevation adjustment knob. The eleva-
tion adjustment knob is attached to a shaft which bears an eccentrically
mounted ball bearing operating in an opening in the inner tube to drive
it with respect to the outer tube. The total movement amounts to
approximately one degree of rotation. This adjustment does not affect
in any way the elevation angle setting or the height conversion mech-
anism.
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Figure 36 — Diagram of the Self-collimating Internal Target System

fied by a double-ended collimating system which gives out parallel
rays and which is not sensitive to slight errors in mechanical mount-
ing or alinement.

(3) The principle of the double objective, self-collimating system
is shown in figure 36. Each objective has a line, which is the infinity
target for the other objective, engraved on its plane face, axial with
and close to its optical center. The objectives are mounted so that
each plane face is at the principal focus of the other objective. Thus
each objective produces a virtual image at infinity of the mark on the
other objective, and these two images are located at opposite ends of
the line passing through the optical centers of the two objectives. In
use, each objective is illuminated by the light reflected from its adjacent
lamp, so that the images of the lines stand out in black against the light
background of the reflectors. These reflectors are of optical glass, so
each transmits the major portion of the light coming from the other
reflector and objective. The images of the target lines are reflected
by the small end penta prisms into the end reflectors of the main
height finder system. Thus the infinity line on the left internal target
objective is seen by the right eye, and that on the right objective by
the left eye of the observer.

(4) The rays emerging from both ends of the internal target
system maintain their direction relative to each other regardless of
any likely distortion of the height finder. If variations occur in the
optical alinement of the height finder, the internal target lines will not
appear at the same depth relation in space as do the main reticle marks,
when the compensator wedges are turned to the infinity range setting.
This is readily corrected by turning the adjuster scale to rotate the
correction wedge until stereo contact between the internal target lines
and the reticle marks is restored. This adjustment changes the range
finder system, not the internal target system (fig. 38).
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(5) The adjuster scale is graduated so that several settings can
be made and the average of the scale readings taken as the true setting.
Each graduation on the adjuster scale is equal to lY2-second angular
change, or one unit of error for 24x magnification. The rotating cover
prevents unintentional operation. A lamp illuminates the scale.

(6) In addition to the main optical units, the internal target system
contains elements to permit some adjustments to the system itself
(fig. 36). The centering disk, which is located approximately midway
between the objectives, allows the internal target lines to be displaced
the internal target lines into a convenient position for reading. The
centering disk is composed of a plane parallel glass plate, and when
it is tilted it Imparts a slight tilt to the axis of the internal target sys-
tem without affecting the parallelism of the rays coming from the two
end penta prisms.

(7) Since the penta prisms and other parts of the internal target
systemm may not be optically perfect, collimating wedges are mounted
next to the objectives to allow the internal target lines to be brought
to the proper infinity position when the instrument is being assembled,
and to adjust later for any changes in the instrument.

8. TRACKING TELESCOPES (ELBOW TELESCOPES M7).

a. In actual operation, the full attention of the stereoscopic ob-
server is required to establish and maintain stereoscopic contact be-
tween the target image and the reticle marks. Two trackers are
required to rotate the height finder in elevation and azimuth to follow
the moving target.

b. Two tracking telescopes are mounted on the height finder tele-
scope to enable the elevation and azimuth trackers to keep the height
finder alined on the target. These two telescopes are identical except
for the reticle markings and name plate. Construction of the telescopes
and arrangement of the optical parts on Height Finders M1 with serial
numbers 33 and up are shown in figure 39. A roof prism is mounted
in the triangular compartment below the eyepiece. Light rays from
the objective enter the front face of this prism, undergo reflection at
the two roof surfaces, and emerge through the second face toward the
eyepiece. The reticle is mounted just above the prism, in the focal
plane of the eyepiece. The inverted image of the target formed by the
objective is again inverted in its passage through the roof prism, as
described in paragraph 4 d (7), so that an erect image of the target
is seen through the eyepiece. A filter holder mounted just in front of
the prism can be rotated by means of a knob at the side of the tele-
scope to place any one of three color filters or a clear window in the path
of the light rays. The eyepiece can be focused to suit the observer’s
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Figure 40 — Appearance of Tracking Telescope Reticles

eye, and a rubber eye shield excludes stray light. A dummy eyepiece
can be swung to either side of the main eyepiece to exclude light from
the unused eye.

c¢. The magnification of the telescopes is 8x and the field of view
is 6 degrees.

d. In the azimuth tracking telescope, the vertical line of the reticle
is continuous and the horizontal line is broken at the center, while the
reverse is true for the elevation telescope (fig. 40). A lamp at the
side of the telescope illuminates the reticle markings for night ob-
servations.

e. In order to help the trackers bring the target initially into the
field of view, each telescope is equipped with an open collimator sight.
This consists of a tube with an eyelens at the rear end and a sight with
a triangular opening at the front end, at the focal plane of the eyelens.
A ground glass window in front of the sight illuminates the opening
with diffused skylight. When the eye is placed back of the tube, it
sees a virtual image of the triangular sight opening at infinity, and,
since the rays from the ocular are parallel, the apparent direction of
this image is not affected by variations in the eye position. In use,
the target is sighted over the top of the sight, and the height finder is
rotated in azimuth and elevation until the top point of the sight triangle
touches the target. Further observation is continued through the
tracking telepscope. Use of the open collimator sight is seldom neces-
sary when the height finder is initially brought to bear on the target
by matching the index marks on the dials of the target identification
receivers.
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9. CRADLE Ml.

a. The Cradle M1 (fig. 41) supports the Height Finder Telescope
M1 and contains the driving mechanism for traversing the height finder
in elevation and azimuth. It also carries the electrical data trans-
mission and receiving system necessary for use with an antiaircraft
director, as well as the electrical controls for the illumination in the

height finder.

bh. Controls.

(1) The main bearing housings of the height finder telescope rest
on flat bearing plates at the ends of the cradle, and are held down by
clamping screws. Caps for protecting these screws when the instru-
ment is dismounted are chained to the ends of the cradle. The eleva-
tion handwheel at the left end of the cradle operates, through gearing
and shafts enclosed in the cradle and housing, a vertical shaft which en-
gages a clutch on the elevation worm wheel shaft in the left bearing
housing. The change-of-speed crank allows a choice of either 20 or 80
mils change in elevation angle per revolution of the handwheel. The
handwheel at the right of the cradle operates in a similar manner the
azimuth traversing drive in the tripod top. The change-of-speed crank
provides either 10 or 40 mils change in azimuth angle per revolution
of the handwheel. The height finder can also be slewed around by
hand without using the handwheel, as there is a friction bearing in the
tripod head.

(2) A release lever is included near the center of the cradle to
disengage the clutch of the azimuth drive when the cradle is to be
removed from the tripod. A system of stops keeps the lever in the
disengaged position when the cradle is not in position on the tripod.
It should be noted that the clutch must always be disengaged before
dismounting the instrument.

(3) Two levels mounted on the cradle at right angles to each
other help in leveling the tripod when the instrument is set up.

c¢. Azimuth and Elevation Indicators. The two target designat-
ing indicators at either end of the cradle are equipped with “follow
the pointer” dials. The inner or electrical index of each indicator is
fastened to the rotor and is positioned electrically by the antiaircraft
director. The other or mechanical index of the elevation indicator is
geared to the driving mechanism and indicates the elevation angle on
the fixed outer scale. The mechanical index of the azimuth indicator
is connected, through gearing, to the stationary part of the tripod so
that it will show the proper azimuth reading regardless of whether
the instrument is traversed by the mechanical drive or by slewing.
An orientation clutch knob on the side of the azimuth indicator, which
is covered by a chained cap when not in use, allows the mechanical
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finder telescope. The cable and plug fitting this receptacle is fastened
to the height finder telescope, and all illumination leads for the instru-
ment are included in this cable. The points which receive illumina-
tion are: stereoscopic marks on main reticles, internal target lines,
range drum scale, adjuster scale, and reticle marks of the tracking
telescopes. In addition, a lamp is provided to illuminate the scales
of the range-height transmitter.

10. TRIPOD Me.

a. The Tripod M6 (fig. 43) supports the cradle and height finder
telescope in’a firm and rigid manner. A spindle, supported by ball
bearings in the fixed head and central tube, carries the mounting sur-
face for the cradle and the worm wheel of the azimuth drive. This
worm engages a ring gear which can turn on the fixed head but is
restrained by a friction lining. This allows the height finder to be
turned in azimuth either by the mechanical drive or, for more rapid
motion, by slewing. The friction between the gear and the fixed
head is adjustable.

b. Large flat shoes are attached to the tripod feet to provide firm
support, and each foot is adjustable for height to allow leveling of the
instrument. *

Section V
ACCESSORIES
Paragraph
Packing chests . = , . o 4 11
Organization tools and spare parts = v 12

11. PACKING CHESTS.

a. The cylindrical metal packing chest for the Height Finder
Telescope M1 is shown in figure 44, with the instrument partly
withdrawn. When the height finder telescope is fully inserted in
the chest, the traveling carriage is locked in position by hand clamps
on the inside wall of the chest. The end rings carry rubber gaskets
to produce an airtight seal when the end plates are tightened by the
hinged clamping bolts. The socket wrench in the cradle packing
chest fits the nuts on these bolts. Charging valves are supplied in
packing chests for Height Finders M1, serial numbers from 33 on.
The charging valves enable the using personnel to desiccate the in-
terior of the case and thus insure long and safe storage. The hand
grips are provided to facilitate carrying the chest or loading it upon
a truck.
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b. The metal packing chest for the Cradle M1 is shown in figure
45. The lid is raised to show the cradle clamped in position and
the board rack for the spare parts. tools, and accessories.

c. The metal packing chest for the Tripod M6 1s shown in figure
46, with the cover lifted and the tripod clamped in storage position.
The hand wrench for adjusting the leveling screws is shown in its
traveling position in the back of the case. The lids of both chests
have rubber gaskets to provide a watertight seal.

12. ORGANIZATION TOOLS AND SPARE PARTS.
a. Accessories and spare parts for Height Finder M1, delivered
with each instrument, are described in TM 9-623,

Section VI
SETTING UP AND PRELIMINARY ADJUSTMENT
Poragroph
Setting up ... ... L S .13
Orientation ... .. .. . L . .. 14
Synchronization ... ... .. . ... . . 15
Preliminary adjustments .. .. o : ... 16
Dismantling and packing ... . S 17

13. SETTING UP.

a. Site for Inspection and Adjustment.

(1) When the Height Finder M1 is set up for inspection or
adjustment, setting up is often done in a building, and a distant ter-
restrial object is used as the target. The floor should be very solid
and free from vibration. The instrument should be set up as high
above ground as these other considerations permit to avoid effects
from heat waves close to the ground.

(2) Both end windows should face the target through open win-
dows in the building. No window glass, even plate glass, is suffi-
ciently flat optically; it would give rise to poor definition and other
apparent faults in the instrument.

(3) Unless the Height Finder M1 is to be checked with an anti-
aircraft director or equivalent, an ordinary 110-volt a-c power supply
with a thin, 2-pronged receptacle is adequate power for all testing
needs. The 110-volt receptacle will fit the two prongs numbers 4
and 5 of the 19-pole plug (fig. 222). A 6-volt line can also be
employed using the 2-prong, 6-volt receptacle at the front of the
cradle,

(4) The usual precautions about temperature equilibrium natu-
rally apply whether the instrument is set up inside or outside a
building,
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b. Setting up and Leveling. The height finder should be com-
pletely set up and level, as described in TM 9-623.

14. ORIENTATION.
a. The orientation of the height finder should be checked and
adjusted, as described in TM 9-623.

15. SYNCHRONIZATION.
a. The synchronization of the height finder should be checked and

adjusted as described in TM 9-623.

16. PRELIMINARY ADJUSTMENTS.

a. The adjustments which must be made on the height finder
before any performance tests, inspections, or adjustments can be made,
include: the interpupillary adjustment, the selection of magnifying
power, the selection of filter, the focus adjustment, the headrest adjust-
ment, the height-of-image adjustment, the internal adjustment, and the
setting of the height-range lever. All of these adjustments are very
critical. Each must be made very carefully. Most important are the
interpupillary adjustment, the height-of-image adjustment, and the
internal adjustment. A slight error in any one of these results in very
inaccurate height finder readings. Accuracy in making these adjust-
ments is just as important for the maintenance man as it is for the
observer.

b. For method of making the above adjustments, see TM 9-623.

c. It is the duty of the repairman to notify the using arms observer
if he makes any adjustment on the following, since such adjustment
may affect the IACS (RCS) offset or personal calibration necessary
for the observer to read true heights:

(1) LEVELING ERRORS.

(a) Level bubbles.

(b) Tracking alinement in elevation.

(c) Measuring knob, or height ring backlash adjustment.

(2) OpPTICAL ADJUSTMENT.

(a) Wedge adjustment (any of main system).

(b) Realinement of internal target system.

(c) End window adjustment.

(d) Fine elevation knob stops (focus change).

(e) Readjustment eyepiece assembly and replaced optics.
(3) MECHANICAL ADJUSTMENTS.

(a) Change of height-range brackets.
(b) Charge with helium.

17. DISMANTLING AND PACKING.
a. The height finder should be dismantled and packed as de-
scribed in TM 9-623.
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18. INTRODUCTION.
a. Purpose.

(1) The systematic basic inspection procedure provides a means
for determining whether the instrument is in usable condition and,
if not, for determining its basic faults and the repairs necessary to put
it back into serviceable condition. CAUTION: The entire basic
inspection should be carried out, as far as possible, in the order given
before any work is undertaken on an instrument, so that the necessary
repairs and adjustments may be made in the proper order, and again
after the work is done to insure that all necessary repairs and adjust-
ments have been completed.

(2) If the instrument is charged with helium, the helium content
should be checked as described in TM 9-1622. This check should be
made during the basic inspection just before making the optical check.
Reference should be made to the results obtained by the height finder
crew in checking the instrument by the Oliver method (TM 9-623).
If these tests indicate excessive leakage or if the instrument has not
yet been charged with helium, a pressure test (TM 9-1622) should
be carried out to locate any leaks. The leaks can be repaired while
the instrument is disassembled for other repairs or adjustments. The
pressure test should be repeated after completion of all repairs requir-
ing breaking of hermetic seal, to insure that all adapters have been
mounted properly.

bh. Requirements.

(1) The inspection tests should be made by a trained stereo-
scopic observer whose speed is not over 2 UOE in 10 readings and,
where practical, should be checked by a second observer. The instru-
ment must be set up in a suitable location as described in paragraph
13. The instrument should be under stable temperature conditions
(no temperature change greater than 3 deg per hr), preferably for
at least 4 hours prior to beginning observations, and should not be
exposed to the rays of the sun. At least one distant target of known
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range is necessary, and it is desirable to have several targets at short
(less than 4,000 yd); intermediate (5,000 to 10,000 yd); and long
(over 12,000 yd) ranges. A distant target with a sharply defined
reference point or line exactly level with the height finder is also
needed (par. 21 i).

(2) The following tools and items of testing equipment (par. 34)
are required for making the complete inspection: double collimator,
collimating telescope, dioptometer, bumping machine or steel-wheel
truck, interpupillary distance template (or ground glass, wood blocks,
and millimeter scale), Pupil loupe (or hand magnifier), reading mi-
croscope (or scriber and hand magnifier).

c. Tolerances. Tables of the tolerances which should be met in
all of the inspection tests are given in paragraph 25.

19. CHECK THE INSTRUMENT FOR COMPLETENESS.

a. As a first step in the inspection of the instrument, it is neces-
sary to determine whether or not the instrument is complete in all
details. Check the instrument and note any damaged or missing
parts.

b. Height Finder Telescope. Check the instrument for M7
Telescopes, adjusting knobs, carrier handles, eye shields, lamps, etc.

c. Cradle. Check the cradle for elevation and azimuth indicators,
height transmitter, traversing and elevation handwheels, levels, 19-
pole receptacle, 6-pole receptacle, etc. Note presence of nicks or burs
on mating surfaces.

d. Tripod. Check the tripod for friction ring adjustment, adjust-
able feet, ease in setting up, etc.

e. Chests. Note completeness and condition of fastenings and
accessories.

20. OPTICAL CHECK — BASIC PERFORMANCE.

a. The basic performance test will determine whether or not
the optical elements in the height finder are in proper adjustment for
taking accurate height and range readings.

b. Levels.

(1) It is necessary that the height finder be level before any
range or height readings are made so that the field of view will be
parallel to the recticle field, and that the height readings, which are
dependent on the angle of elevation, will give true values.

(2) Level the height finder accurately, so that the bubbles of
the cradle levels do not move as the instrument is traversed through
360 degrees (par. 13). Check the positions of the bubbles with
respect to the engraved marks on the vials.
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(3) Turn the elevation handwheel to center the bubble in the
level on the height finder telescope. Check the movement of the
height conversion ring (outer main bearing race) as follows:

(a) Set the height-range lever in “height” position and scribe a
fine line on the bearing housing exactly opposite the upper edge of
the zero-degree engraved line on the ring. (If a reading microscope
is available, mount it so that its horizontal reticle line is superim-
posed on the upper edge of the zero degree rhark.)

(b) Move the height-range lever to “range” position and check
the position of the upper edge of the 90-degree line with respect to
the scribed index mark. Use a hand magnifier to check the position
of the scribed mark with respect to the two lines on the ring.

(4) If the cradle and telescope levels are not within tolerance,
adjust them (par. 41) before proceeding further with the inspection.

c. Height Adjuster for Height of Image.

(1) In order that the value obtained on the adjuster scale for
internal target readings be correct for range readings, it is essential
that the height adjuster have the same adjustment for both internal
- target and external readings.

(2) Set height adjuster for an external target by making a height-
of-image adjustment (par. 16). Shift the height finder prism shift
crank for internal target readings, and note the relative positions of
the illuminated circles or “moons” in the reticle fields (fig. 47).

(3) ANALYSIS.

(a) If it is impossible to bring the external field into adjustment,
it is an indication that an end reflector support has become loose and
shifted, or that the right main inner tube adapter has shifted. Check
by leveling the height finder and sighting on a target at the same
height as the height finder with the height adjuster knob and the ele-
vation adjustment knob set at midposition. Look for the trouble on
the side of the height finder through which the target is not visible.
Make the necessary adjustment as in paragraph 42 c.

(b) If the height adjustment for the internal field is not the same
as for the external field, check the alinement of the internal target
penta prisms and other elements (par. 57 ¢).

d. Internal Target and Main Optical Systems.

(1) This test will determine whether or not any of the optics
in the main optical system or the internal target system are out of
adjustment.

(a) Set the height-range lever at “range,” the measuring drum at
“infinity (*),” and the adjuster prism shift for “internal target” read-
ings. Make five internal target readings and set the median value on
the adjuster scale. (When a group of numbers is arranged so that
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the numbers are ordered in size from the smallest to the largest, the
median is the middle number in the series. When such a series con-
tains an even number of numbers, the median is taken as the average
of the middle two numbers.) Shift the prism crank shaft for outside
readings and make five readings on a target at a known distance of
between 2,500 and 5,000 yards.

(b) In some cases, it may be impossible to obtain stereo contact
between the internal target line and the center line of the main reti-
cle. In such cases, obtain stereo contact on either of the fore or aft
marks in the reticle field. If the internal target is adjusted to the
fore or aft marks, obtain stereo contact with the outside target on the
same fore or aft marks. (Always recheck the measuring drum infin-
1ty (*) setting if stereo contact cannot be made with the internal target.

(c) If it is impossible to obtain stereo contact of the internal
target with any marks in the height finder reticle field, set the instru-
ment for outside readings and the measuring drum at the known
target distance. Attempt to bring the external target into stereo con-
tact with the center height finder reticle line, using the adjuster scale.

(2) ANALysIs. For outline, see Table I

(a) Internal Target Reading Within Tolerance — External Range
Reading Within Tolerance. Main optical system and internal target
optical system are within adjustment. At a stable temperature, the
height finder, if desired, can be brought up to a 48 to 52 adjuster
reading by adjusting the internal target collimating wedges and the
end windows (pars. 58 and 60 ¢).

(b) Internal Target Reading Within Tolerance — External Range
Reading Outside Tolerance. The internal target optical system is in
adjustment. The end windows will require adjustment to bring the
range reading within tolerance (par. 60 ¢).

(c) Internal Adjuster Reading Possible but Outside Tolerance —
External Range Reading Inside Tolerance. The internal target opti-
cal system is in adjustment. The main optical system is out of
adjustment.

1. End reflectors. These may not be properly seated on bosses.
End mirror support may be loose or there may be dirt or burs on a
pressure pad. Correct as in paragraph 42.

2. Measuring wedges. These might be out of adjustment. Check
as in subparagraph e, below.

3. Correction wedge. This might be out of adjustment. Check
as in paragraph 21 d.

4. Objective cells. These may have been decentered, clamping
rings or locking rings may be loose, or the lens may be loose in its
cell. Check these points, and, if necessary, make adjustment as
instructed in paragraph 45.
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TABLE |
TOLERANCE OF READINGS CONDITION
Main Optical | Internal Target
External Target Internal Target System System
1. In In (20 to 80) 0. K. O.K.
2. Out In (20 to 80) End windows 0. K.
out
3. In Out (20 to 80) but Out O.K.
can obtain reading
at center or on
“fore and aft marks”
4, Out
a. Can range in with| Out (20 to 80) Can O.K. Out
adjuster scale (20 or cannot obtain
to 80) reading on “fore and
aft marks”
b. Cannot range in Out Out
with adjuster scale
(20 to 80)

(d) Internal Target Reading Impossible To Obtain. If it is impos-
sible to obtain an internal target reading against either fore or aft
marks, it is an indication that the internal target system is out of
adjustment and the height finder optical system may or may not be
out of adjustment. If it is possible to obtain contact on an outside
target with the adjuster scale when the range drum is set to read at
the known target distance, the height finder optical system is in
adjustment. If, however, it is impossible to obtain contact with the
target by means of the adjuster scale, both the main optical system
and the internal target system are out of adjustment.

(e) Possible To Obtain Contact on Outside Target with Adjuster
Scale. Carefully inspect the internal target system to locate the diffi-
culty. Set the prism shift crank for internal readings. Note the rela-
tive position of the internal target moons which should be super-
imposed upon each other and centered about the height finder reticle
lines (fig. 47). Also note the relative position of the internal target
line in the height finder reticle field with the adjuster scale set at 50.
Both lines should be in the same relative position in both fields (fig.
124). Also check for “tilt” and “lean” of the target line, both in
stereo and through each eyepiece individually (fig. 121). From the
information thus obtained, it should be possible to locate the diffi-
culty. If the target line in either eyepiece is out of its normal posi-
tion, possibly either an internal target collimating wedge cell or a
crown objective has moved. Either one of these will affect both the
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position of the target line and the position of the moons. (If the
target line, viewed through the right eyepiece, is out of position,
make sure the range drum has not shifted from the infinity setting.)
If no “tilt” or “lean” is noticeable but the moon viewed through one
eyepiece is decentered and the target line in the same eyepiece is out
of position, reset the internal target collimating wedge cell affecting
this target line (par. 57). It should be possible to bring the internal
target into stereo contact and the moon into a centered position with
this adjustment. Make one complete turn of the wedge in order to
try all positions for both bringing the reading in and centering the
moons. If the moon becomes further decentered when the target line
is in position, it is because the internal target crown objective and
not the wedge is out of adjustment, in which case turn the wedge cell
to its original position and make adjustments on the crown objective.
If “tilt” and “lean” are noticeable and the moons are centered, it is
because the flint objective is in need of adjustment. In making minor
adjustments to the internal target system, never touch the right inter-
nal target objectives. If the individual adjustments (par. 58) do not
bring the internal target system into adjustment, it will be necessary
to reset the entire system (par. 57).

(f) Impossible To Range on Outside Target with Adjuster Scale.
If it is impossible to obtain stereo contact on the outside target, it is
an indication that both the internal target and the main optical sys-
tems are in need of adjustment. This can best be done by making
a full adjustment of both systems according to instructions in para-
graphs 57 and 67. (The main optical system must be adjusted first.)

e. Check Compensator (Measuring Wedge) Unit for Accuracy
(Range-infinity, Height-infinity, Height-900).

(1) The purpose of this test is to check the alinement between
the compensator assembly, the measuring drum, and the height con-
version mechanism. When the instrument is properly leveled at zero
elevation, the wedges should be in a neutral position, causing no
deviation of the internal target line in the reticle field for settings at
height-infinity, height-900, and range-infinity.

(2) CHECK FOR BACKLASH IN WEDGE UNIT.

(a) Set height-range lever at “range.” Turn measuring drum to
about 3,000, then turn carefully up to, but not past, infinity (*).
Take five internal target readings. Turn the drum past infinity as
far as it will go, then turn carefully back to infinity and take five
more internal target readings. Compare the medians of the two sets
of readings.

(b) Analysis. If the readings are not within tolerance, there is
backlash in the compensator unit, and the following points should be
checked and corrected (par. 49):

81

Google



T™ 9-1623
20

ORDNANCE MAINTENANCE — HEIGHT FINDERS, 13/2-FT., M1 AND MIA1

1. Backlash between the range shaft and the planetary gear
coupling.
Backlash in the range shaft and spur gear coupling.
Gears hit air tubes.
Backlash springs broken or sticking.
Backlash springs not wound to proper tension.
Play between measuring knob spur gear and measuring drum.

( c¢) Check for Backlash between Bevel Pinion and Height Con-
version Race.

1. Set measuring scale at 550 and height-range lever in “height”
position.

2. Depress telescope from about 200 mils, until telescope bubble
is exactly centered and take five IACS readings.

3. Depress telescope to its lower limit, elevate until the telescope
bubble is exactly centered and take five IACS readings.

4. Compare the medians of the two sets of IACS readings for
tolerance (par. 25).

(3) CHECK “RANGE-INFINITY” AND “HEIGHT-INFINITY.”

(a) Carefully level the cradle and height finder telescope, and
take five internal target readings with height-range lever at “range”
and the measuring drum at infinity. Shift the height-range lever to
“height,” leaving the measuring drum at infinity, and again take five
internal target readings. Compare the median of the readings at both
positions of the height-range lever.

(b) Analysis. If “range-infinity” and “height-infinity” are not
within tolerance, the range drum is not properly alined with the com-
pensator unit. Adjust as in paragraph 48 c.

(4) CHECK “RANGE-INFINITY” AND “HEIGHT-900.”

(a) Check that the height finder and cradle are properly leveled.
Take five internal target readings with the height-range lever at
“range” and the measuring drum at infinity. Put the height-range
lever at “height” and turn the measuring drum to “900,” and again
take five internal target readings. Compare the median of the read-
ings at both settings of the drum.

(b) Analysis. If “height-infinity” and “height-900” readings are
not within tolerance, it is a sign that the bevel gear of the compensa-
tor unit is not properly meshed and adjusted with the height conver-
sion ring. Adjust it according to paragraph 48 d.

QLA WLN

f. Divergence.

(1) This test is to determine the amount of lateral divergence
(divergence or convergence) and up-and-down divergence (“dip-
vergence”) present.

(2) Check tightness of eyepiece plate screws. Place the double
collimator (divergence tester) on the eyepiece unit and check the
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divergence as in figures 48 and 49. Shift the interpupillary distance
lever through its travel from 58 to 72 mm with the instrumeat in both
high and low power. Note the change in position of the center reticle
lines with respect to each other at any setting.

(3) If the dipvergence is not within tolerance:

(a) If the total range of dipvergence (through travel of IPD and
high and low power) is less than 20 minutes, dipvergence can be
corrected by twisting eyepiece on adapter (fig. 49).

(b) If total range of dipvergence is more than 20 minutes:

1. If the change in dipvergence is more than 5 minutes on chang-
ing from low to high power, reduce by centering one (or both) of the
reticles and then twisting eyepiece assembly to correct dipvergence.

2. If change in dipvergence occurs when moving IPD from 58
to 72 mm, difficulty lies in mechanical misalinement in the eyepiece
assembly.

(4) 1If the divergence is not within tolerance:

(a) If the total variation in divergence (through travel of IPD
and high and low power) is less than 30 minutes, divergence can be
brought within 0 to 30 minutes by rotating the right rhomboid prism
bracket (figs. 48 and 49).

(b) If the total variation in divergence is more than 30 minutes:

1. If the change in divergence is more than 5 minutes upon
changing from low to high power, reduce by centering one (or both)
of the reticles and then rotating right rhomboid prism bracket.

2. If change in divergence occurs when moving IPD from 58 to
72 mm, difficulty lies in rhomboid prisms and cannot be eliminated
unless prisms are replaced.

g. Parallax Test (Focus of Height Finder Objectives).

(1) The purpose of this test is to check the focus of the objec-
tives, which should be such as to bring the images of a distant target
into focus at the height finder reticles.

(2) Train the height finder on a target at least 5,000 yards dis-
tant and inspect for parallax by moving the head back and forth
above the eyepiece (figs. 50 and 51), or check the focus with a col-
limating telescope as follows:

(a) Place the collimating telescope over the right eyepiece and
adjust the eyepiece to bring the height finder reticle into sharpest
focus with the collimating telescope reticle. Record the eyepiece
diopter setting,

(b) Adjust the eyepiece for sharpest focus of the target image
with the collimating telescope reticle and record the diopter setting.
A difference between the two settings indicates presence of parallax.

(c) Repeat substeps (a) and (b), above, for the left eyepiece.
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(3) ANALysis. If the parallax is more than allowable, refocus
the objectives as in paragraph 45. (If the diopter setting for the
target image is negative with respect to the setting for the height
finder reticle, it indicates “with” parallax and vice versa.)

h. Cross Field Readings.

(1) The purpose of comparing readings made at several points
across the reticle field is to check the match of the optics on both
sides of the height finder for equality of magnification at the reticle.
This test can be made on an outside target at a distance greater than
5,000 yards.

(2) Make five readings with the target image in each of three
positions across the reticle field, as in figure 52. If the median read-
ings for the three positions do not agree, calculate the UOE difference
(par. 25). Cross field tests are difficult to make, and it is wise to
have a second observer check the readings of the first observer. If the
two observers do not agree, a further check should be made by taking
readings at the ends of the reticle field, both with the head held
straight in the eyepiece and with the head tilted considerably.

(3) ANALYSIS.

(a) If the readings are high at one side and low at the other side
of the field, it indicates that the optics, from the reticles to the end
windows, are not exactly matched on the two sides of the instrument
so that there is a slight difference in the sizes of the two target
images. This can be corrected by replacing one objective with
another of different focal length (par. 45), or by replacing the end
windows with others of different power (par. 60). If replacements
are not available, interchanging the end windows (or the objectives)
between the two ends of the instrument may be helpful, or it may
make the readings worse.

(b) If the cross field readings are irregular, for instance, high at
the ends and low in the middle, it indicates that there is distortion in
one or both images, possibly caused by surface irregularities or
strain in the end reflectors (par. 42 d), or by strain or decentering
in the mounting of the objective lenses.

i. Bump Test. .

(1) The purpose of the bump test is to determine the presence
of any loose optics or mechanical parts which might affect the read-
ings of the height finder.

(2) The test is accomplished by use of a bumping machine of
an approved design which lifts one end of the height finder and drops
it with a jarring motion. If a bumping machine is not available, a
substitute bump test can be carried on as follows:

(a) The height finder telescope can be carried on a steel-wheel
truck and rolled over cobble stones or equivalent for a distance of
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PARALLAX TEST FOR FOCUS OF OBJECTIVE LENSES
STEP | — TRAIN HEIGHT FINDER ON DISTANT TARGET.

STEP 2 — SET RANGE-HEIGHT LEVER IN “RANGE’ POSITION AND SET MEASURING
KNOB TO BRING TARGET IMAGE INTO STEREO CONTACT WITH MAIN

RETICLE.

STEP 3 — INSPECT IMAGE IN RIGHT RETICLE FIELD WHILE MOVING THE HEAD
BACK AND FORTH ABOVE THE EYEPIECE. RELATIVE MOVEMENT BE-
TWEEN TARGET IMAGE AND RETICLE MARKS INDICATES PARALLAX
ERROR OR DIFFERENCE IN PLANE OF FOCUS. THE MOVEMENT OF THE
TARGET IN RELATION TO THE RETICLE MAY BE IN THE SAME DIRECTION
AS THE MOVEMENT OF THE HEAD (witH), OR IN THE OPPOSITE DIRECTION

(AGAINST).

“WITH" PARALLAX

MOVEMENT OF HEAD

q

A:

MOVEMENT OF

CORRECTIVE MOVEMENT

“AGAINST” PARALLAX

MOVEMENT OF HEAD
on———

CORRECTIVE MOVEMENT

TOLERANCE AT CENTER OF FIELD THE MOVEMENT OF THE TARGET SHOULD NOT
BE GREATER THAN THE WIDTH OF THE CENTER RETICLE LINE.

CORRECTION: FOCUS RIGHT OBJECTIVE BY MOVING IN DIRECTION INDICATED

(PAR. 45).

RA PD 67911

Figure 50 — Test of Objectives
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PARALLAX TEST FOR FOCUS OF OBJECTIVE LENSES (CONTINUED)

STEP 4 — INSPECT FOR PARALLAX MATCH (SIMILARITY OF PARALLAX ERROR IN BOTH
Everieces). INSPECT TARGET IMAGE IN STEREO WHILE MOVING HEAD
BACK AND FORTH ABOVE EYEPIECES. LACK OF PARALLAX MATCH 1S
INDICATED BY MOVEMENT OF THE TARGET IMAGE TOWARD OR AWAY
FROM THE OBSERVER.

STEP 5 — CHECK STEREO PARALLAX BY BRINGING TARGET IMAGE INTO STEREO
CONTACT BY USE OF THE ADJUSTER SCALE WITH THE HEAD FIRST AS
FAR TO THE LEFT AND THEN AS FAR TO THE RIGHT AS THE TARGET
CAN BE SEEN THROUGH THE EYEPIECES.

“TOWARD"” PARALLAX “AWAY"” PARALLAX
MOVEMENT OF HEAD MOVEMENT OF HEAD
q

OF IMAGE
s +'5| '
Ny

R G

OVEMENT

CORRECTIVE MOVEMENT CORRECTIVE MOVEMENT

TOLERANCE: AT CENTER OF FIELD THE MOVEMENT OF THE TARGET SHOULD
NOT CAUSE MORE THAN TWO UNITS OF ERROR DIFFERENCE IN
ADJUSTER SCALE SETTINGS FOR LEFT AND RIGHT HEAD POSITIONS.

CORRECTIONS: FOCUS LEFT OBJECTIVE BY MOVING IN DIRECTION INDICATED.
(PAR. 45).
RA PD 67912

Figure 51 — Test of Objectives (Continued)
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CROSS FIELD TEST FOR EQUALITY OF MAGNIFICATION OF IMAGE AT RETICLES

STEP 1 — TRAIN HEIGHT FINDER ON DISTANT TARGET
(CORRECT 1.P.D. AND EYEPIECE FOCUS IS IMPORTANT IN THIS TEST.)

STEP 2 — SET RANGE-HEIGHT LEVER AT ““RANGE’’ AND RANGE DRUM TO
BRING TARGET INTO STEREO CONTACT.

STEP 3 — MAKE FIVE RANGE SETTINGS FOR STEREO CONTACT AT EACH OF
THE THREE POSITIONS INDICATED IN SKETCH. (SWING HEIGHT FINDER
IN AZIMUTH TO SHIFT TARGET ACROSS RETICLE FIELD.) HAVE A SECOND

OBSERVER MAKE CHECK READINGS.

TOLERANCE: THE MEAN OF FIVE READINGS AT ANY POINT SHALL NOT
VARY FROM THE MEAN AT THE CENTER OF THE FIELD BY MORE
THAN 2-1/2 UNITS OF ERROR.

CORRECTION: SEE DISCUSSION IN PAR. 20g.

RA PD 67913

Figure 52 — Test for Equality of Magnification
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100 yards. The truck body and carriage should be rigidly connected
and the truck should embody no cushioning devices.

(b) The following inspections should be made, and the results
noted both before and after the bumping:

1. Check the divergence at 65-mm setting of the interpupillary
distance.

2. Check the parallax and parallax match.

3. Check the internal target readings.

4. Check the outside range reading.

5. Check the shift of focus.

6. Check the height of image with the height adjuster.
NOTE: The bump test should be made only after a complete disas-
sembly and assembly, or after disassembly and assembly of mirror
block, internal target assembly, or end mirror supports.

(3) ANALYSIS. Any noticeable variations in the readings after
the bump test as compared with the readings before the bump test
should be analyzed as outlined in the discussions of the various tests.

21. OPTICAL CHECK — BASIC PERFORMANCE (CONT’D).

a. Check Interpupillary Distance.

(1) Set the interpupillary distance with an IPD template (par.
39 b), and compare the scale reading with the actual template value.
If templates are not available for values near both ends of the scale,
set up a piece of ground glass and take measurements as in figure 59.

(2) ANaLysis. If the scale reading is outside of tolerance, reset
the indicating index (par. 43).

b. Check Eyepiece Focus.

(1) The eyepiece focus is checked in order to determine whether
it is the same at high and low power and is as shown on the diopter
scale. To check, set the prism shift crank for external readings and
elevate the height finder so that it is pointing towards clear sky. Set
the height finder on high power and the diopter scale to zero. Place
a dioptometer over the eyepiece and focus it for zero parallax be-
tween the height finder reticle and the dioptometer reticle. Note the
median of five readings of the dioptometer. Repeat this procedure
at +2, -2, and —4 diopters on the diopter scale. Switch the power
shift lever from high to low power, and again measure the diopter
setting at the four points mentioned above. Recheck by another
observer. If a dioptometer is not available, use a collimating tele-
scope and determine the eyepiece settings for zero diopters.

(2) ANALYSIS.

(a) If the diopter reading is not within tolerance, adjust the
setting of the diopter scale as outlined in paragraph 43.

(b) If the shift of focus is outside tolerance, readjust the move-
ment of the erector lenses (par. 54).
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c. Check Filters.

(1) Check the filters by turning the filter change knob to each
indent, and check for the same color filter in each eyepiece and against
the reading on the filter scale.

(2) ANALysis. If not within tolerance, adjust or replace, accord-
ing to instructions in paragraph 44 d.

d. Calibrate Internal Adjuster Correction Wedge (Value of
Adjuster Scale Divisions).

(1) The internal adjuster correction wedge (range correction
wedge) calibration is tested by determining the value of the adjuster
scale divisions in terms of units of error. To make the test, range the
height finder on an outside target. Make five range readings with the
adjuster scale set at each of the following points: 0, 25, 50, 75, and 100;
and determine the median value of the readings for each adjuster scale
setting. Calculate the value of the divisions of each interval on the
adjuster scale by substituting the median values of the range readings
in the following formula:

Units of error per division— R, —RRI
2
0.5386 (Toes ) x 25

where R, and R, are the median values for a successive pair of readings,
such as those for the 0 and 25, or the 25 and 50 settings of the adjuster
scale, and R is the true range.

(2) ANaLysis. If the value of the scale divisions is outside toler-
ance at either end of the scale, the adjuster wedge is improperly
mounted and should be reset in an “image up” position (par. 46 ¢). If
the value of the scale divisions is outside tolerance after the wedge has
been properly set, it indicates that the wedge has incorrect deflecting

power and should be replaced.

e. Check Height Adjuster Disk.

(1) The purpose of this test is to determine whether or not the axis
of rotation of the height adjuster disk is perpendicular to the optical
axis and in the plane of the line of sight. This is determined by taking
internal target readings at the extreme ends of the height adjuster disk
travel. Set the prism shift crank for internal target readings, and set
the height adjuster disk at one extreme of its travel. Obtain the median
of five adjuster scale readings at this point. Turn the height adjuster
knob to the other extreme of its travel, and obtain the median of five
readings on the adjuster scale at this point. NOTE: The internal
target line should have been adjusted to remove all tilt, which other-
wise would affect the reading in this test.

(2) ANaALysis. If not within tolerance, reposition the height ad-
juster assembly on its adapter on the inner tube (par. 55).
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INSPECTION OF RETICLES FOR TILT OF FIELD

STEP 1 — LEVEL CRADLE AND ALINE HEIGHT FINDER SO THAT TARGET IMAGE IS SEPA-
RATED BY ONE LINE WIDTH FROM TOP OR BOTTOM OF END RETICLE LINE.
(DOTTED IMAGE IN SKETCH)

STEP 2 — TRAVERSE HEIGHT FINDER AND NOTE HEIGHT OF TARGET WITH RESPECT TO
RETICLE LINE AT OPPOSITE SIDE OF FIELD.

TOLERANCE: TARGET IMAGE SHOULD FALL AT SAME HEIGHT AT BOTH ENDS OF RETICLE
FIELD WITHIN ONE-HALF WIDTH OF A RETICLE LINE.

CORRECTION: ROTATE RETICLES TO BRING WITHIN TOLERANCE. (PAR. 53) ADJUST RIGHT

RETICLE FIRST, THEN ADJUST LEFT RETICLE TO MATCH (ANY DEVIATION FROM LEVEL
SHOULD BE SAME AMOUNT IN SAME DIRECTION).

RETICLE TILTED RETICLE LEVEL

RA PD 67915

Figure 55 — Inspection of Reticles for Tilt of Field
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LOCATING DIRT ON HEIGHT FINDER OPTICS BY INSPECTION WITH THE PUPIL LOUPE

{Change-of-magnification cronk must be set at lcw power )

- T T
Position |Any dirt Rotates | Changes Moves 1 Rotctes  Relotive position of ! Dirt s
of dirt where 1l- upon turning relative upon | upon . pupt! loupe for sharp on this
changes |luminated : odjuster posttion turning, changing i tocus element.
upon area flat i scale or with respect “filter  interpu. |
turning  ‘on top and | height to ithumi- knob. ipillary . (Exact distance
power bottom, as | conversion noted area distance ! will vary for
shift ring with shift ‘ different loupes) |
lever. \n power. | : i
| . < I S S
T T End Window
YES ! or
End Mirrors
YES \ Wedge Units
YES - - — - -
‘ YES 1 mm down from Wedge '. Erector
NO t S -
NO NO I mm up from Wedge . Objective
’ € mm up from Exit Pupil Halving Disk
i YES | Filter
- — R
At Pup! I Ocular Prism
) -___i 15t Surfoce
| Ocular P
N 2 mm up from Pup:! I Ocular Prism
NO ‘ ° i o | Last Surface
J NO + —
: 2 mm down from filter ! \E'J‘e:ézc: Box
YES Rhomboid Prism
st Surface

LOCATING CAUSE OF SHADOWS ON INTERNAL TARGET

{Clean top surface of eyepiece before beginning)

Rotates upon Focus changes 1 Moves upon I Sharp Dirt is on
chonging upon turning turning adjuster ! focus this efement.
interpupillary eyepiece scale or range
distance. focusing nut. knob - o
YES Rhombo:d Prism
YES NO Eyepiece Eyelens or
Eyepiece Field Lens
NO Main Reticle
YES Internal Adjuster
NO Objective or Mirror
YES -
NO Internal Adjuster
Condenser or Mirror

RA PD 15441
Figure 56 — Chart for Position of Dirt on Optics

f. Check Reticles for Centering and Tilt.

(1) This test is to determine the accuracy of centering of the
reticles and of alinement of the reticle field with respect to the image
of the external field

(2) CENTERING.

(a) Centering is tested by observing any jump of the center reticle
lines as the erector lenses are shifted from high to low power, as de-
tailed in figure 54.

(b) ANALysIs. If the reticle jump is outside tolerance, center the
reticles (par. 53).

(3) TiLr.

(a) Tilt is tested by ranging on an outside target and swinging the
height finder so that a fixed point on the target is compared with the
marks at the two sides of the reticle field, as in figure 55.

(b) Analysis. Square up tilted reticles as described in paragraph
53.
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g.- Check for Dirt on Optics.

(1) The purpose of this test is to determine what optical surfaces
in the height finder are dirty so that they can be cleaned, if necessary,
with the least amount of effort. Direct the height finder toward the sky
or other source of good illumination, and observe through a pupil loupe
or a high-power hand magnifier which is moved up and down above the
eyepiece so that images of the various optical surfaces are successively
brought into focus. Repeat for the other eyepiece.

(2) ANALysis. Determine the position of the dirt with the aid of
the chart (fig. 56). Clean the dirty element as outlined in paragraph
36.

h. Illumination of Reticles.

(1) RETICLES—HEIGHT FINDER.

(a) With the height finder set on the internal target system and
the internal target lights off, turn on the reticle illumination. Check for
stray light in the reticle field, for equal brightness in both reticles, and
for centered illumination.

(b) Analysis. Stray light is generally caused by light entering
around the shutters on the internal target penta prism bracket. Un-
equal brightness can be corrected by making adjustments on the reticle
illuminating rod in the reticle mount or by making adjustments as to
the positioning of the reticle illumination lamp. If the illumination in
either reticle field is not properly centered, make adjustments on the
reticle illuminating rod (par. 82). Shifting the internal target con-
denser lens in or out may improve illumination.

(2) M7 TEeELEscoPE RETICLES. Check the reticle illumination of
the M7 Tracking Telescope by turning on the reticle switch and placing
the hand over the sunshade. Note whether or not the illumination is
centered and equal throughout. If not, make adjustments as outlined
in paragraph 82.

(3) INTERNAL TARGET.

(a) The illumination of the two internal target moons should be
of equal intensity so that readings will be more easily made. Check
the illumination by setting the prism shift crank for internal target read-
ings and turning the rheostat switch to full brightness. Check one in-
ternal target moon against the other for equal brightness by offsetting
the moon by means of the height adjuster knob.

(b) Analysis. If the internal target moons are not equally bright,
check the positioning of the internal target lamps in their brackets (par.
57). If it is impossible to bring the illumination up to the desired in-
tensity in one of the moons, check the penta prism aperture for full
transmission. This can be done by using a pupil loupe as in checking
for dirt (subpar. g, above) focused on the penta prism aperture, and
noting any interference or shadows at the bottom or top of the penta
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prism. If such a condition is noticeable, the penta prism aperture is
not being filled, which may be caused by the internal target collimating
wedge and crown lens both being set in an “image up” or “image down”
position, thereby deflecting the light too far upward or downward. To
correct, change the “image up” or “image down” position of one of these
units.

i. Check the M7 Tracking Telescopes.

(1) RETICLES.

(a) Check the tracking telescope reticles for the position of the
solid line in the reticle field.

(b) Analysis. If the reticle lines are not according to specifica-
tions, reverse the tracking telescopes so that the reticle lines are as
specified. If both telescopes have reticles of the same type, turn the
reticle of one of the telescopes through 90 degrees (par. 73).

(2) Focus oF OBJECTIVE.

(a) The objective should be focused to bring the image of the tar-
get in the plane of the telescope reticle. Train on an outside target
over 5,000 yards distant. Check the parallax with a collimating tele-
scope or by moving the eye across the eyepiece and noticing any move-
ment of the target image with respect to the reticle. Check the eleva-
tion telescope for parallax in the vertical plane and check the azimuth
telescope for parallax in the horizontal plane.

(b) Analysis. If the parallax is outside of tolerance, refocus the
objective (par. 70).

(3) ALINEMENT AND TILT.

fa) It is necessary that the tracking telescopes be properly alined
in elevation, primarily in relation to the compensator when in adjust-
ment at zero mils angular height and when the height range ring travels
exactly 90 degrees, and secondarily, and less exactingly, with respect
to the main optical system, so that all three elements will be trained on
the same target (pars. 41 b and 71). To check or adjust tracking
telescopes for proper alinement in azimuth, set the range scale at
approximate range. Superimpose the center reticle on the azimuth
point at approximately 5,000 yards, and while so alined, adjust the
tracking telescopes so that the verticle hairlines pass through the point
(par. 71) (fig. 155).

(b) To check the alinement of the M7 Tracking Telescopes in ele-
vation, substep (‘a), above, it is first necessary to establish an accurate
level point preferably at 1,000 yards or more by surveying methods.
An accurate procedure is as follows: With the foot leveling screws of
the height finder at approximately midpoint, set an accurately leveled
transit adjacent to the height finder elevation tracking telescope, so
that with transit and height finder approximately level, the objectives
of the transit and tracking telescope are centered with respect to each
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other. Slew the height finder out of the way, and with the transit, locate
a distant well-marked point at the same height as the transit. Invert
or plunge the transit telescope, relevel it, and read again. A point
which is vertically halfway between the two marks establishes a true
horizontal line of sight for the transit, and, if properly done, will be not
over 1/10 mil or one hairline width off true level for the height finder.
A checkerboard on this point will be excellent for future use. Secondly,
check cradle bubbles for looseness, let them temperature-stablize, and
level exactly. Thirdly, elevate the height finder to the position which
will allow the height-range ring to turn exactly 90 degrees. (It is
assumed that the wedges check at range-infinity and height-900 within
tolerance in this position.) Fourthly, check to see that the M7 Tele-
scope horizontal cross hairs pass through the level point. If they do
not, proceed as in paragraph 71.

(c) Check the tracking telescope reticles for tilt by traversing
across a target that is level with the instrument, noting the relative
position of each end of the horizontal reticle lines against a selected
point on the target.

(d) Analysis. If out of tolerance, realine the telescope (par. 71).

22. OPTICAL CHECK — FINAL PERFORMANCE.

a. The test as to final performance of the instrument should be
made only after all previous tests, as outlined in paragraphs 19, 20,
and 21, have been performed. If those tests have passed tolerance,
the tests herein should be readily passed. Before making the final
performance test, recheck the end windows and aline them as accurate-
ly as possible on a target at a known distance of between 5,000 and
10,000 yards, as described in paragraph 60. After this has been done,
proceed with the final optical check.

b. Check Range Finding.

(1) AccCuRrAcy.

(a) This test is performed for the purpose of determining the ac-
curacy of the height finder in ranging upon targets at different dis-
tances under different conditions. It is divided into two similar tests
run on two subsequent days.

(b) Check to see that the height finder is level and the height-range
lever is in range position. Set the instrument at high power. The in-
strument should have been at a stable temperature for at least 4 hours,
and the temperature should be between 30° F and 90° F.

(c) Make 5 internal target readings with the instrument at high
power, and set the median reading on the adjuster scale. Set the in-
strument for external readings, and make 10 readings on a target at a
distance less than 4,000 yards, 10 readings on a target at a dis-
tance of between 5,000 and 10,000 yards, and 10 readings on a
target at a distance greater than 12,000 yards. Again set the instru-
ment for internal target readings, make 5 readings, and compare the
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median with the original adjuster setting. If the final and preliminary
internal target readings do not agree within 1 UOE, set the second
reading on the adjuster scale and repeat the range readings.

(d) Repeat the above test with the instrument set at low power.
The same series of tests made on three ranges and in high and low
power should be repeated and rechecked on the following day.

(e) Anaylsis. If the instrument does not come within tolerance,
reset the end windows, using a target at a distance of about 5,000 yards,
and balancing the readings so that the short and long ranges can be
brought into tolerance. If still not within tolerance, repeat the basic
performance tests.

(2) REPEATABILITY—HIGH AND Low POWER.

(a) The purpose of this test is to determine the repeatability of
settings in terms of the median deviation from the true range in both
high and low power.

(b) This test is performed by setting the instrument at low power,
and ranging on a target at a distance greater than 3,000 yards. Record
each of the range readings and the deviation of each of these readings
from true range. Obtain the median of the range readings, and the
median of the deviations and note. Repeat the above test with the
instrument at high power.

(c) Analysis. If not within tolerance, repeat the basic perform-
ance tests.

¢. Check Height Finder.

(1) AccuRrAcy.

(a) The purpose of this test is to determine the performance of the
height conversion mechanism by setting in fictitious angles of elevation
on the height conversion ring. To perform this test, set the instrument
level and the height-range lever in height position. Attach a 4-power
reading microscope to the height conversion ring housing, as described
in paragraph 41, and check the zero position as against the scribing on
the conversion ring. The test is made on targets at three distances and
at the same level as the height finder. Make five internal target read-
ings, and set the median value on the adjuster scale. With the height
finder at zero elevation, make five range readings on the target. With
the height finder still at zero elevation, rotate the height conversion
ring to the angles specified below. Make five readings at each of these
points. This procedure is repeated for the two other targets and for
the angles specified below.

TARGET DISTANCES AND ELEVATION FOR HEIGHT ACCURACY TESTS

Target Distance Height Conversion Ring Angle
Instrument Level at 0° Elevation
Less than 4,000 yards .............................. 10°, 30°, 50°, 70°, 85°
5000t0 10,000 yards ................................. 10°, 30°, 50°, 70°, 80°
Greater than 12,000 yards .................... . 10°, 30°, 40°, 60°
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(b) For each of the above targets and fictitious angles, compute
the height, using the formula:

Height = Range x Sine of Angle of Elevation (sin 10° = 0.1736; sin
30° = 0.5000; sin 40° = 0.6428; sin 50° = 0.7660; sin 60° = 0.8660; sin
70° = 0.9397; sin 80° = 0.9848; sin 85° = 0.9962).

(c) Analysis. If the height readings are not within tolerance, it
will be necessary to recheck the setting of the wedge unit for range-
infinity and height-900 as set forth in paragraph 20.

d. Check Internal Adjuster.

(1) Accuracy.

(a) This test is performed to determine the accuracy with which
continuous readings can be made on the instrument. Before making
this test, be sure that the instrument has been at a stable temperature
for at least 4 hours. Focus the eyepiece for an outside target and switch
the prism shift crank for internal target readings. Set the instrument
at low power and take five readings on the adjuster scale, making the
final setting of each reading, turning the adjuster scale in a clockwise
direction. Repeat this test with the instrument at high power.

(b) Analysis. If the spread of the adjuster scale readings is out-
side of tolerance, check the internal target optical system (par. $7).

(2) BACKLASH.

(a) This test is performed to determine the accuracy at which
readings can be made when the final settings are made in either direc-
tion. The instrument is set for internal target readings and on high
power. Take five readings on the internal target, making the final
setting in a counterclockwise direction. Take five more readings on the
internal target, but make the final settings in a clockwise direction.
Repeat this procedure by again taking five more readings of each
direction.

(b) Analysis. If the spread of the two medians is outside of toler-
ence, check the correction wedge and adjuster scale for backlash, and
correct (par. 46).

(3) ELEVATION.

(a) The purpose of this test is to check the accuracy of the instru-
ment at various positions through its elevation. Hang a 50- to 100-
pound weight on each of the rear carrier handles. Set the instrument
for internal target readings and set the height-range lever at “range.”
With the elevation dial at zero and the height finder level, make five
internal adjuster readings. By turning the elevation handwheel, ele-
vate the instrument to an angle of 30 degrees and make five more inter-
nal target readings. Repeat this performance up the scale at 60 degrees
and 90 degrees, and down the scale at 60 degrees, 30 degrees, and zero.

(b) Analysis. If the instrument is not within tolerance, the fol-
lowing are probable causes:
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1. Lack of helium purity; check again after 4 hours at constant
temperature.

2. Change-of-magnification crank pins jam against change-of-mag-
nification disk when instrument is elevated to 90 degrees. This usually
produces an error of about 25 UOE. Loosen the screws holding the
change-of-magnification crank assembly to check. If this affects the
readings, check for loose inner tube bearings; if necessary, shorten
shoulder of the change-of-magnification shaft by about 34, inch and
compensate by inserting a washer under the crank on the outside.

3. Loose wedge or crown lens in the internal target system. Usu-
ally indicated by an error of about 5 to 10 UOE.

23. ELECTRICAL CHECK.

a. The purpose of the electrical check is to determine the repeat-
ability and accuracy of the elevation and azimuth indicator and the
height transmitter scale and dial, and to check the illumination on the
various elements in the height finder.

b. Check Indicator and Transmitter.

(1) To check the indicators and transmitter, it is advisable to have
a height finder test instrument or an Antiaircraft Director M4, M7, or
M9. It is possible to check the zero position of the indicators and
transmitter using only 110-volt a-c source of electricity. In testing
the indicators and transmitter with the height finder testing equipment,
attach the testing equipment to a 110-120-volt line and its 19-pole plug
to the corresponding receptacle on the height finder. Rotate the dials
for elevation and azimuth on the height finder testing instrument
through their complete travel, noting the readings on both the testing
instrument and the height finder throughout the travel. In checking
the height transmitter, rotate the scale from 0 to 10,000 yards, noting
the relative readings of the height finder scale and testing equipment.
Also set the transmitter at zero, and check the height finder transmitter
correction dial by rotating it from 0 to 4+500 yards and 0 to —500
yards, checking each setting against the testing instrument. If the
height finder testing equipment or an antiaircraft director is not avail-
able, check the zero settings as outlined in paragraph 84.

(2) ANaLysis. If these units are not within tolerance, reset the
dials as instructed in paragraph 84.

¢. Check Illumination of Scales and Dials. Check the illumina-
tion of the range drum, internal adjuster correction scale, and height
transmitter dial to see that it is adequate for night reading. If the
.illumination is inadequate on any of the dials, it can be corrected by
changing the light bulbs or checking through the electrical circuit as
described in paragraph 83.

24. MECHANICAL CHECK.
a. The mechanical check is made to see that all of the adjusting
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knobs and mechanically operating parts work smoothly and properly
and that the mechanical stops are properly adjusted.

b. Check Levels.

(1) CrADLE. Check the cradle levels to see that the vials are tight
in their tubes and that the etch and fill are satisfactory and the cover
action smooth. Make any replacements or changes in the levels as
outlined in paragraph 41.

(2) HEIGHT FINDER TELESCOPE. Check level on the height finder
telescope to see that the vial is tight in its tube and that the etch and fill
are satisfactory and the cover action smooth. Make any replacements
or changes on the height finder level as in paragraph 41.

¢. Check Mechanical Operation. To check the mechanical opera-
tion of the various mechanical parts of the M1 Height Finder, go
through the check list in paragraph 25. In making repairs to any parts,
refer to the appropriate paragraph on disassembly and.assembly.

d. Check Carrier Handles. During transit, the M1 Height Finder
rests entirely on the carrier handles. Therefore it is important that
the carrier handles be parallel. Check this by leveling the height
finder on its cradle, and using an ordinary level across the feet of the
carrier handle supports. Check the deviation from the horizontal. If
necessary, partially elevate the height finder to bring one carrier handle
support to a level position and check this against the second support.

e. Pressure Test. Test the instrument for retention of pressure
(TM 9-1622).

f. Painting and Protection. Inspect canvas covering. Inspect
paint on all external surfaces.

g. Packing Chests. Inspect packing chests. Note condition of
bodies, covers, hinges, hasps, etc. Inspect gaskets and sealing surfaces.
Check instrument supports and clamps. Check for full complement of
specified tools and spare parts.

25. SUMMARY OF INSPECTIONS AND TOLERANCES.
a. Completeness — Check for Missing Parts.
Test Requirements

(1) Telescope. Complete with M7 Telescopes, ad-
justing knobs, carrier handles, eye
shields, lamps, etc.

(2) Cradle. Complete with elevation and azi-
muth indicator, height transmit-
ter, traversing and elevation hand-
wheels, levels, 19- and 6-pole re-
ceptacles, etc.
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Test

Tripod.

Requirements

Complete with friction ring adjust-
ment, adjustable feet, etc.

b. Optical Check — Basic Performance.

(1) Levels.

(a) Cradle. Bubble to be centered within 1 min-
ute (13 of space between en-
graved marks) throughout 360
degrees traverse.

(b) Telescope. When bubble is centered, movement
of height conversion ring to be 90
degrees within one-third width of
engraved line.

(2) Height adjuster. In shifting from the external to the
internal system, the relative height
of the images in each eyepiece
should shift no more than 2 min-
utes.

(3) Internal and main

optical systems.
(a) Internal target read- The median of 5 internal target
ings. readings to fall between 20 and
80 on the internal target scale.

(b) Range readings. The median of 10 range readings on
a target of known distance should
be within 12 UOE of the true
range.

TABLE I
ERROR IN YARDS EQUIVALENT TO 1.5 UOE AT 24

Range Error Range Error Range Error
1,000 0.8 5,500 244 10,500 89
1,500 1.8 6,000 29.1 11,000 98
2,000 3.2 6,500 34.2 11,500 107
2,500 5.1 7,000 39.6 12,000 115
3,000 73 7,500 45 12,500 126
3,500 9.9 8,000 52 13,000 136
4,000 12.9 8,500 58 13,500 147
4,500 16.3 9,000 65 14,000 158
5,000 20.2 10,000 81 14,500 170

15,000 182
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If the range being used is between two consecutive ranges, then
the tolerance will lie proportionally between the two ranges. (This
is not precisely true, but is close enough.) The error values in the
table are based on the following relation:

1%2 UOE = 1.5 x 0.0000005386 x (Range)? or 0.808 x (Range

1,000)2.
NOTE:
Test

(4) Check Wedge Unit.

(a) Backlash.

(b) Range-infinity—
height-infinity.

(c) Range-infinity—
height-900.

(5) Divergence.

(a) Divergence and con-
vergence.

(b) Dipvergence (up-

and - down diverg-
ence).

Google

1 UOE = 0.5386 x (Range + 1,000)2

Requirements

Adjuster scale readings for up-scale
drum setting and down-scale
drum setting to agree within 1
unit of error. Adjuster scale read-
ing for elevation-depression of in-
strument with height-range lever
at “height” to agree within 3 UOE

(par. 20 e (2) (c)).

Adjuster scale reading to agree with-
in 2 UOE at both positions.

Adjuster scale reading to agree with-
in 1 UOE at both positions.

Permissible divergence 0 to 30 min-
utes throughout the travel of the
interpupillary lever —no converg-
ence is permissible. The diverg-
ence to change no more than 7
minutes between any two inter-
pupillary settings and at high and
low power.

The permissible up-and-down di-
vergence is 10 minutes at any
point throughout the travel of the
interpupillary lever. Up-and-down
divergence to change not more
than 5 minutes between any two
interpupillary settings and at high
and low power.
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Test Requirements

(6) Parallax. Movement of the image in the reti-
cle field not to exceed one-half

reticle line thickness at the center
of the field.

With collimating telescope, differ-
ence between settings for target
and reticles not to exceed Y4 diop-
ter.

Stereo parallax should not cause
more than 2 UOE difference for
right and left head positions. The
differences between target and
reticle settings should match with-
in 13 diopter for right and left
eyepieces.

(7) Cross field readings. The median of five readings at any
point across the reticle field not to
vary from the median at the cen-

ter of the reticle field by more
than 2Y2 UOE.

(8) Bump test. After the bump test, the perform-
ance of the instrument must re-
main within tolerance.

¢. Optical Check — Basic Performance — Continued.

(1) Interpupillary dis- 58 mm to 72 mm *1 mm at any
tance. setting.

(2) Eyepiece focus. *+1, diopter at any setting in high
or low power. No more than Y4
diopter change with shift from
high to low power.

(3) Filters. The same color filter in each eye-
piece at each setting of the filter
knob. ‘

(4) Adjuster correction  Adjuster scale divisions within 12
wedge. percent of true unit of error for
high magnification (par. 22).

(5) Height adjuster disk. = Adjuster scale readings at extreme
ends of the travel of the height
adjuster disk to be within 2 UOE.
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(6)

(7)
(a)

(b)

(9)
(a)
(b)
(c)

Test

Reticles (centering
and tilt).

Dirt on optics.
Reticles.

Eyelenses and end

windows.
Other optics.

Illumination of reti-
cles.

Height finder.
M7 Tracking Tele-

scopes.
Internal target.

M7 Tracking
Telescopes.
Reticles.

Focus of objective.

Alinement and tilt.

Alinement in azimuth.

Alinement in eleva-
tion.

Tilt.

Google

Requirements

Combined jump of both reticles not
more than 5 minutes vertically
and horizontally on shift from
high to low power. On a fixed
target with the instrument level,
extreme ends of the reticle field to
be at same height within one-half
width of the reticle line.

No dirt, scratches, or smears no-
ticeable.

Inner surface clean and free from
scratches.

No dirt, smears, scratches, or bub-
bles at center of optic which
would cut light transmission by
more than 5 percent or be notice-
able in the reticle field.

No stray light. Equal brightness. Il-

lumination centered.
No stray light. Illumination cen-
tered.
Equal brightness.

O.K.

Prism shift switch

Elevation — solid horizontal line.

Azimuth—solid vertical line.

Parallax must be reduced to a mini-
mum in both telescopes.

Center of target within nine line
widths of vertical reticle line for
both telescopes.

At O-degree elevation — center on
target within one line width of
horizontal reticle line.

Reticle tilt must be reduced to a min-
imum in both telescopes.
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d. Optical Check — Final Performance.

Test

(1) Range finder.

(a)

(b)
1.

(2)
(a)

(3)
(a)

€.

(1)
(2)

Accuracy.

Repeatability.
High power.

Low power.

Height finder.
Accuracy.

Internal target.
Accuracy.
Low power.

High power.

Backlash.

Elevation (in the
shade).

Electrical Check.

Indicators and
transmitter.

Illumination of

scales and dials.

Google

Requirements

The median of 10 range readings on
each of 3 targets should be within
115 UOE of true range,

Median deviation of 10 readings from
median range to be not more than
1Y2 UOE.

Median deviation of 10 readings from
median range to be not more than
2 UOE.

The median of five height readings at
any elevation and distance to be
within 21, UOE of -calculated
height.

The spread of five readings in low -
power not to exceed 2 UOE.

The spread of five readings in high
power not to exceed 1 UOE.

The median of 10 up-scale internal
adjuster settings not to differ from
the median of 10 down-scale ad-
juster settings by more than
1 UOE.

The median of five adjuster scale
readings at any degree of elevation
to be within 212 UOE of the me-
dian at any other point.

Must read to within one-half width
of index line at all points on scale.

Illumination on range drum, height
transmitter scale, and internal tar-
get scale suitable for night reading.
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f. Mechanical Check.

(1)
(a)

(b)

(2)

(a)

(b)

(d)

(e)

(1)

(é)

Test

Levels.
Cradle.

Height finder,
telescope.

Mechanical
operation.

Change - of - magnifi-
cation crank.

Height conversion
mechanism.

Elevation adjustment
knob.

Prism shift mecha-

nism.

Measuring knob.

Internal adjuster cor-
rection scale.

Height adjuster knob.

Google

Requirements

Vials tight in tube. Etch and fill
satisfactory. Cover action snug.
Level parallel to “release” arrow,
no tolerance; other bubble, one-
half division.

Vials tight in tube. Etch and fill
satisfactory. Cover action snug.
Tolerance one-half line width (see
par.41d (4) ).

Action smooth and easy. Stops oper-
ate at 12 and 24 power.

Snug fit, no high spots. Stops oper-
ate for travel beyond 0 degrees
and 90 degrees.

Action smooth, no optical jump.
Stops operate for a Y2- to 1-degree
travel.

Action smooth. Both stops to make
contact at the same time.

Action free from high spots. Stops
operate for full travel (550 at bot-
tom of window and “*” at top of
window at extreme ends of range
from travel).

Action smooth, no backlash, no high
spots. Stops operate for full travel
(0 to 100). Cover action snug.

Action satisfactory — no binding
through travel at all positions of
fine elevation knob. Length of
travel — 8 turns of knob.
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Test
Eyepiece.

Focusing.
Interpupillary lever.

Filter knob.

Elevation gearing.

Azimuth gearing.

Height transmitter
handwheel and
scale.

Height transmitter
correction knob
and dial.

Tripod.
Feet.
Friction ring,.

MY7 Telescopes.

Focusing units.
Filter knob.
Eye shield.

Carrier handles.

Miscellaneous.

Pressure retention.

Painting and protec-
tion.

Google

Requirements

Work smoothly — no backlash or
high spots.

Covers full scale (58 mm to 72 mm),
works smoothly.

Action smooth. Stops operate to po-
sition filters at eyepiece.

No backlash or high spots. Stop
operates properly for full travel 0
to 1600 mils.

No backlash or high spots. Full
travel 0 to 6400 mils, no stops.

No backlash or high spots.

Action snug — no binding. Stops
operate for full travel from beyond
+500 yards to beyond —500 yards.

Action firm.

Tight enough so that it does not slip
on turning the azimuth handwheel,
but loose enough to allow slewing,

Work smoothly,
high spots.

no backlash, or

Action smooth. Stops operate to po-
sition filters at eyepiece.

Rotates on adapter without causing
adapter to turn.

Must be parallel to within 3 minutes.

Starting with 4 pounds of air pres-
sure, loss not to exceed 1 pound in
8 hours.

All exposed metal surfaces and cor-
ners to be painted. No fractures
in canvas covering.
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Test Requirements
(3) Accessories and tools.  None to be missing.
(a) Height finder telescope.
1.

Traveling carriage.
2. Storage case.

(b) Cradle M1.
1. Storage case.

2. Tools.

3. Accessories.

(c) Tripod M6.

1. Storage case.

2. Tools.

3. Accessories.

Section VIII
TROUBLE SHOOTING
Paragraph

PULPOSE ... 26
List of check questions ... 27
Optical failures ... ... 28
Illumination failures ........ . ORI 29
Stereo failures ... 30
Range or altitude errors ... 31

26. PURPOSE.

a. The purpose of this chapter is to provide a guide for the use of
maintenance personnel when isolating and diagnosing malfunctions of
the height finder. Included is a set of check questions for use in the field
and shops during tests and adjustment.

b. These tables do not take into account all the malfunctions en-
countered with the height finder, but they will assist in correcting the
commonplace troubles.

27. LIST OF CHECK QUESTIONS.

a. Are the tripod feet firmly fixed so that the instrument cannot
easily be knocked out of level?

b. Is the cradle securely bolted to the tripod?

c. Is the cradle level through a 360-degree traverse?

d. Isthe height finder telescope set on the cradle so that the height
finder level is centered when the elevation scale reads zero and the
index on the left bearing housing matches its mark?
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e. Is visibility of the field of view satisfactory?

f. Is the observer’s interpupillary distance accurately set?
g. Are both eyepieces correctly focused for the observer?
h. Is the headrest correctly adjusted for the observer?

i. Is the height-of-image adjustment correctly set?

j- Is the instrument in a stable condition as to temperature?
k. Is the instrument exposed to the direct rays of the sun?
1. Is the range-height lever in the correct position?

m. Is the correct filter being used?

n. Is the height finder connected to a source of electric power at
the proper receptacle?

o. Is the cable from the height finder tube to the cradle connected
properly?

p. Was the observer’s adjuster scale setting (also known as range
correction setting ) correctly determined, and was this value set into the
instrument?

q. Was the same filter used in determining the observer’s internal
adjuster correction (RCS) as is used for taking ranges or altitude?

r. Is the change-of-magnification crank firmly in position?

s. Are the exterior optical surfaces free of dirt, film, and moisture,
and free from scratches or other injuries?

t. Is there any failure of illumination due to burned out or incor-
rectly positioned lamps, defective wiring or connections?

u. Are the tracking telescopes properly alined?

v. Are the interior optical surfaces in good condition and free from
dirt, film, and moisture?

w. Isreticle illumination uniform and equal in the two height finder
reticles?

x. Isillumination of the internal targets satisfactory?

y. Has the compensator unit been checked recently for range
adjustment?

z. Has the height conversion mechanism been checked recently?
aa. Are the end windows in adjustment?

ab. Does the instrument read true ranges within the prescribed
tolerances at short, medium, and long ranges?

28. OPTICAL FAILURES.

a. Image of reticle, internal target line, or object in the field of
view blurred or indistinct.
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(1)

(a)

(b)

(c)

(d)

(1)

(2)
(a)

(b)

3)

(b)

(c)

(d)

(1)

Poor DEFINITION (MAIN FIELD).

Possible Cause Possible Remedy
Eyepiece focus incorrect- Make proper focus adjustment
ly set. (par. 16).
Change-of-magnification Turn crank until click is heard.
crank not firmly in posi-
tion.
Moisture on eyelenses or Clean according to instructions
end windows. in paragraph 36.
Visibility not good. Refer to TM 4-250.

Parallax (not a probable See paragraph 45 c.
cause unless excessive).

Development of strains Release external pressure on part
within an optical part. or replace defective part. See
paragraph 65 b.

PoorR DEFINITION (INTERNAL TARGET LINE ONLY).

See (1), (a), (b), (c), See corresponding remedies.
(d), and (‘e), above.

Incorrect spacing of See paragraph 57 c.
crown and flint ele-
ments of internal tar-
get objective.

Fi1ELD oF VIEw DuLL, CLouUDY, OR DARK (MAIN FIELD).

Wrong filter in use. Select proper filter.

Internal target prism Set shift crank in correct position.
shift incorrectly posi-
tioned.

Moisture on external Clean according to instructions
optical surfaces. in paragraph 36.

Condensation on optical Desiccate. See TM 9-1622.
surfaces within the in-

strument,

Film or excessive dirt on Same as substep (c), above.
optical surfaces.

Visibility not good. Refer to TM 4-250.
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GET).

(a)
(b)
(c)

(d)

(1)
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FIELD oF VIEw DuLL, CLoUDY, OR DARK (INTERNAL TAR-

Possible Cause

Possible Remedy

See (3) (a), (b), (c), (d), See corresponding remedies.

and (e ), above.
Illumination failure.

Prism shift crank does
not operate internal
target switch.

“Cut-out” due to both
the internal target
collimating wedge and
crown set “image up”
or both set “image
down.”

“Cut-out” due to loos-
ened spring in the
tube spring assem-
blies.

“Cut-out” due to internal
target mirror gib ex-
tending into field.

29. ILLUMINATION FAILURES.

(1)
(2)

(3)

(4)

(5)
(6)
(7)

(8)

Main Field.

No input voltage.

Main switch incorrectly
positioned.

Cable from height find-
er to cradle not con-
nected.

Rheostat incorrectly
positioned.

Defective rheostat.
Defective main switch.

One or more lamps
burned out.

One or more lamps in-
correctly positioned.

Google
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See paragraph 83.
See paragraph 83 c.

Check with pupil loupe. If image
of penta prism aperture is not
rectangular and almost square,
reset internal target crown to
bring all the light through the
penta prism (par. 57).

Check with pupil loupe. If wire
can be seen entering the in-
ternal field, remove tube spring
assembly and repair.

If gib cuts into field, remove in-
ternal target unit and position
gib correctly.

Connect to proper voltage source.

Reposition switch.

Plug in at proper receptacle.

Reposition rheostat.

Replace.
Replace.
Replace.

Reposition lamp which is at
fault.
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%
(10)

(11)

b.
(1)

(2)

(3)
4)

(5)

Possible Cause
Wrong filter in use.

Reticle illuminating rods
incorrectly positioned.

Defective wiring or
connections.

Internal Target.

See a (1), (2), (3),
(4), (5), (6), (7),
(8), (9), and (11),
above.

Internal target prism
shift not in proper
position.

Prism shift switch
defective.

Internal target penta
prism incorrectly po-
sitioned.

Internal target reflector
broken or missing.

30. STEREO FAILURES.

a.

(1)

(2)

(3)

4)
(3)

(6)

Interpupillary distance
incorrectly set for ob-
server.

One or both eyepieces
incorrectly focused
for observer.

Tilted or off-center ret-
icle.

Broken reticle.

Reticle incorrectly po-
sitioned upon reas-
sembly.

Observer is at fault,

Google

Possible Remedy
Select correct filter.

Refer to paragraph 82 b.

Check for continuity and short
circuits. Repair according to
good electrical practice (par.
83).

See corresponding remedies.

Set crank firmly in position at
stop.

Repair or replace (par. 83 ¢).

Refer to paragraph 57 c.

Refer to paragraph 57 c.

Reticle Cannot Be Fused into Stereoscopic Pattern (TM
4-250).

Reset to correct distance (par.
16).

Set to correct focus (par. 16).

See paragraph 53.
Replace (par. 53).
Reposition (flat surface faces

objective).

Change observer.
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bh. Image of External Field Cannot Be Fused into a Single
Stereoscopic Image (Reticles Are Properly Fused).

Possible Cause
(1) Height of image incor-
rectly set.

(2) Range-height lever in
“height” with low an-
gle of elevation.

(3) Range of target less
than 550 yards.

(4) Range scale set at value
greatly different from
true ranges or alti-
tude. (This causes
splitting of reticles or
image or both.)

(5) Observer is at fault.

Possible Remedy
Reset (par. 16).

None. Instrument will not read
altitudes less than 550 yards.

None. Instrument will not read
ranges less than 550 yards.

Set scale to read near true
value.

Change observer.

¢. Internal Target Line Split into Two Images.

(1) Range scale at incorrect
setting.

(2) Range-height lever at
incorrect angle of ele-
vation.

(3) Tube at incorrect angle
of elevation.

(4) Compensator badly out
of adjustment for
range and/or height
conversion. '

Reset to infinity.

Reset to “range.”

See note * below.

See paragraph 48 ¢ and d.

d. Internal Target Line Cannot Be Moved Stereoscopically or
Cannot Be Brought into Stereoscopic Contact. .

(1) Incorrect interpupillary
distance set for ob-
server.

(2) One internal target
lamp burned out.

Reset to correct distance (par.
16).

Replace left lamp if right field
i1s dark, and vice versa.

*Readings may be taken under two conditions with the range-height lever set in
“height”: If scale is set at infinity and wedges are in adjustment, readings may be
taken at any angular height. If scale is set at any value other than infinity, for
example, 550 yards, then the tube must be at zero angle of elevation, i.e., the
height finder and cradle must be level.
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Possible Cause

(3) Range-height lever at
incorrect position.

(4) Range scale at incor-
rect setting.

(5) Tube at incorrect angle
of elevation.

(6) Collimating wedge in
internal target mount
incorrectly positioned.

(7) Compensator badly out
of adjustment for
range and/or height
conversion.

(8) Observer is at fault.

Possible Remedy

Reset to “range.”
Reset to infinity.
See note, under subparagraph ¢

(3), above.
See paragraph 57 c.

See paragraph 48 ¢ and d.

Change observer.

31. RANGE OR ALTITUDE ERRORS.

a. Incorrect Range on Fixed Targets.

(1) Incorrect internal ad-

juster scale setting
(RCS).

(2) Range-height lever not
in “range.”

(3) Compensator not in ad-
justment for range
and/or height con-
version.

(4) End windows not in ad-
justment.

(5) Instrument in unstable
condition.

(6) Observer is at fault.

(7) Instrument in need of
arsenal overhaul.*

See TM 4-250.

Set lever in “range.”

See paragraph 48 ¢ and d.

See paragraph 60.
See paragraph 35.

Change observer.

Request instructions from of-
ficer authorized to order in-
strument shipped to base shop
or arsenal.

*QOccasionally an instrument, after having been put in apparently good adjust-
ment in all respects, will give inaccurate ranges, the readings varying greatly from
the true ranges. Before reaching a decision which would require shipping an in-
strument to a base shop or arsenal, make certain that it is the instrument, not the
observer, which is at fault.
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Incorrect Altitude (Fictitious) Using Range-height Lever

To Set in Fictitious Angles of Elevation.

(1)

(2)

(3)

4)

(3)

(6)

(7)
(8)

C.

(1)

(2)
(3)

4)

(5)

Possible Cause

Incorrect internal ad-
juster scale setting
(RCS).

Height-range lever not
set at proper dis-
placement.

Computed altitude not
correct.

Compensator not in ad-

justment for range
and/or height con-
version.

End windows not in ad-
justment.

Instrument in unstable
condition.

Observer is at fault.

Instrument is in need of
arsenal overhaul.

Height-range lever not
set in “height.”

Cradle not level.

Elevation tracking tele-
scope not properly
alined with height
finder optical system.

Incorrect internal tar-
get scale setting
(RCS).

Compensator not in ad-
justment for range
and/or height conver-
sion.

Google

Possible Remedy
See TM 4-250.

See paragraph 22,

See paragraph 22.

See paragraph 48 ¢ and d.

See paragraph 60.

See paragraph 35.

Change observer.

See subparagraph a (7), above.

Incorrect Altitude on Aerial Targets.

Set lever in “height.”

Level cradle correctly (par. 41).
See paragraph 71.

See TM 4-250.

See paragraph 48 ¢ and d.
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Possible Cause

Possible Remedy

(6) End windows not in ad- See paragraph 60.
justment.
(7) Altitude as computed Improve method of computing
by other means in- altitudes.
correct.*®
(8) Inaccurate tracking in Train elevation tracker to keep
elevation. target on horizontal cross line.
(9) Instrument in unstable See paragraph 35.
condition.
(10) Stereoscopic observer at Change observer.
fault.
(11) Helium content low. Change to 95 percent.

d. Ranges or Altitudes Taken Going Up the Scale Differ from
Those Coming Down the Scale.

(1) Backlash spring broken. Replace.

(2) Backlash spring stuck. Remove, clean, and oil.

(3) Backlash springs not Wind up #1 and #2 four turns;
wound up properly. #3 and #4 three turns (#1 is

at the bevel gear end of the
wedge unit).

(4) Wedge unit gears hit air Remove air tube and flatten.
tubes.

(5) Backlash between range Correct backlash, or replace and
rod and spur gear of fit new range rod assembly.
range knob.

(6) Backlash between range Same as step (5), above.

rod and t