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SPECIAL NOTICE

General Notice — Products sold by Keuffel & Esser Company are
subject to discontinuance or price change without notice. All orders are subject to
acceptance by K&E at a Corporate or Branch Office. Title passes to the Buyer
upon delivery of a product to the Carrier.

Ownership of Products in Transit — K & E's responsibility for delivery

or damage of products ceases when title passes to the Buyer. Claims against the
Carrier for non-delivery or damage to a product must be made by the Buyer within
the time limits specified by the Carrier. When requested, K&E will furnish the
necessary documents for making a claim.
Surface shipments will be made without declaration of value, while Air, Ocean,
and Parcel shipments will be insured for invoice price, unless the Buyer requests
otherwise. The Buyer will be charged for the cost of any insurance. All prices are
FOB shipping point unless other terms are specifically agreed upon.

Limits of Liability — Any product purchased from K&E which is

determined by K&E, in its sole discretion, to have been originally defective in
material or workmanship will be repaired or, at K&E's option, replaced for the
original user, provided the productis returned*, transportation prepaid, within 90
days of purchase, to the K&E Branch or Dealer from which the product was
purchased, and in as good condition as when originally purchased, ordinary wear
resulting from careful use only excepted. The foregoingisin lieu of any express or
implied warranty and THERE ARE NO IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR USE.
Products purchased for personal, family, or household purposes are sold by K&E
WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, AND THERE
ARENO WARRANTIES OF MERCHANTABILITY OR FITNESS FOR USE. Keuffel
& Esser Company shall in no manner be responsible for any inconvenience, loss,
injury, or direct or consequential damage arising from possession or use of any
product purchased from K&E.

“Note: Arrangements for return, or on-site inspection where appropriate, of a
product must be made in advance through the K&E Branch or Dealer from which
the product was purchased.
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INTRODUCTION
Agto—collimation is a process of setting a mirror perpen-
dicular to a telescopic line of sight. An eyepliece con-

taining a semi-tramsparent mirror and a light, called an
auto-collimation eyepiece, is used on the telescope. See
Figure 1.
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Figure 1. Schematic View Of Auto-Collimation

The semi-transparent glass allows the observer to see the
reticle and at the same time serves as a mirror to re-
flect the light which illuminates the reticle. When the
telescope is aimed at a mirror, the instrument serves as
a telescopic sight and its image in the mirror serves as
a collimator. When the observer has adjusted the leveling
screws until both the actual reticle and its reflected
image from the mirror are in the field of view of the
eyepiece, he can measure the vertical or horizontal
displacement. When the mirror is positioned so the re-
flected crosshairs coincide with the retical crosshairs,
the mirror is perpendicular to the line of sight.

The 71 4210 K&E Visual Auto-Collimator is the basic unit
for auto-collimation in the K&E product line. It can
determine in fractions of seconds of arc the amount of
deviation of the reflective surface about an axis per-
pendicular to the line of sight of the instrument. The
collimator can be rotated through 90°, permitting mea-
surements with the optical micrometer to be taken in
either horizontal or vertical direction. Working range is
not limited. because the measurement of deflection is
independent of the distance between the auto-collimator
and the reflective surface. A typical setup is shown in
Figure 2.

Provided courtesy of Brunson Instrument Co. [1]
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Figure 2. Auto-Collimator Setup

FEATURES

Micrometer

One division of the micrometer represents 0.2 seconds of
arc in angular tilt of the reflective surface. If the
auto-collimator is used to check alignment of a colli-
mator or a fixed-focus telescope, the readings taken from
the micrometer should be doubled to obtain the true angu-
lar reading. It rotates with the barrel of the instrument
precisely 90° so that both vertical and horizontal dis-
placement may be measured.

Y—Clamp

Two Y-clamps hold the barrel of the collimator firmly on
the V-mounts so that it will remain level as long as the
base is level.

Y-Clamp Setscrew

The setscrew in the top of each Y-clamp assures that the
clamp is always in contact with the top of the barrel of
the auto-collimator to hold it in place.

Y-Clamp Latch

Each Y-clamp is secured with a latch. The two latches
should be completely in the lower position (against the
lower latch stops) to securely lock the clamps. When the
latches are in this position the instrument may be lifted
or carried by its barrel. To remove the barrel from the
stand, the latches must be completely against the upper
latch stops.

Rotation Stop

An adjustable stop is located on each side of the bracket
to limit the rotation of the instrument's barrel to pre-
cisely 90°.

Locking Screws
Each leveling screw, when adjusted, may be held in place
by the tightening of its locking screw.

Machined Mounting Surface

The precision, machined surface is parallel to the line
of sight for reference.

SETTING UP THE AUTO-COLLIMATOR

1. Set up the auto-collimator on a surface plate or on
its flat, machined base, and align it to a mirror, as
shown in Figure 2 above.

2, Adjust the three leveling screws until the return
image from the mirror is in the field of view of the
eyepiece and is slightly above or below the cross-
hair.

3. Tighten the three locking screws to keep the leveling
screws in place.

[2] Provided courtesy of Brunson Instrument Co. [3]
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NOTE

Where gravity reference is needed, initial
leveling can be made with the circular
level; however, usually it is more important
to align the collimator to the mirror than
to gravity. Even when gravity reference is
being determined, setting the instrument to
the 1level is an excellent first approxima-
tion, because in most applications the mir-
ror will be vertical or nearly so.

FOCUSING THE EYEPIECE

Because the auto-collimator is a fixed-focus instrument,
only one adjustment is necessary. The eyepiece must be
focused clearly on the crosswire lines to bring both the
direct and reflected image of the crosswire into sharp
focus. To focus the eyepiece, proceed as follows:

1. Rotate eyepiece counterclockwise as far as it will go.

2. Then gradually rotate it clockwise until the crosshair
reticle is in sharp and comfortable focus. The ob-
server's eye should be relaxed, just as if looking at
a far away object.

NOTE
Because the auto-collimator is a fixed-focus
instrument, there is no possibililty of par-
allax error.

REFLECTIVE TARGETS

The K&E Auto-Collimator is designed to provide consistent
and accurate results under sub-optimum conditions,
although inevitably, some accuracy will be lost. For
instance, occasionally, it may be necessary to work with
a mirror which is small and which has a low percentage
of reflectivity (such as the surface of a laser rod or
gauge block), or it may be necessary to take separate
auto-collimation images of two or more reflectors in the
field of view at once.

The error incurred in these instances can be kept to a
negligible amount if the center of the small reflector is
positioned within the center of the optical axis and if

the return image is of good resolution. Resolution is a
composite of many factors: reflectivity, flatness and
area of the test surface. Poor resolution will cause a
wider dispersion or "scatter” of consecutive readings;
however, this condition can be overcome by taking more
readings so that the average value will still be quite
reliable.

MEASURING VERTICAL DISPLACEMENT

l. Rotate the barrel of the instrument with the micro-
meter on top.

2. Turn the micrometer drum to bring the fine double-line
fiducial (Figure 3) into the field of view.

3. Adjust until these wires precisely bracket the return
image, as shown in Figure 4.

MEASURING HORIZONTAL DISPLACEMENT

Rotate the barrel of the instrument with the micrometer
to the side and follow steps 2 and 3 above; the fine,

double-line fiducial will be vertical when horizontal
displacement is measured.

READING THE AUTO-COLLIMATOR

When the fiducial is centered on one of the lines of the
reticle scale as in Figure 3, the micrometer drum will be
at zero. One full revolution of the drum advances the
fiducial to the next scale line., This corresponds to an
angular increment of 30 seconds, as indicated by the
numbers on the drum. Each long line on the reticle scale
equals one minute of arc, and the numbers in the field of
view show the 0, 5 and 10 minute positioms.

The reading is the minutes and half minutes (shown on the
comb in the view through the eyepiece) plus the seconds
and tenths-of-seconds (shown on the micrometer drum).

For example, the fiducial in Figure 4 is slightly past
the 3 1/2 minute mark. The micrometer drum at that time
reads 13.4 seconds. (Remember that each of the small
divisions equals 0.2 second). The sum of these values
(3 minutes and 43.4 seconds) is the reading.

[4] Provided courtesy of Brunson Instrument Co. [5]
Copyright 1986-2011 www.brunson.us



Micrometer Double—-Line
Fiduclal Cross
Return Image of Wires
Cross Wires
= \

A oo !
':’:f':“: :‘:’a‘a’a’c‘of’:‘:’:‘t’:’:’a’:'::
2627282001 23 46 :‘]0
e
| -
—
\GD —
-
=
— 5
-
i
-
T

View Looking Through Eyepiece

Figure 3. Micrometer Setting and View Through Eyepiece
Before Centering Lines
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Figure 4. Micrometer Centering and View Through Eyepiece
After Centering Lines

ACCESSORIES

Mirrors

Use of K&E mirrors is recommended. Refer to the Optical
Alignment Equipment Catalog for descriptions of mirrors
that can be used with the 71 4210 Visual Auto-Collimator.
If other mirrors are used, they must optically flat and,
preferably, should be front surface mirrors; and should
be large enough to cover the full objective aperture.

Right—-Angle Eyepiece

The 71 2230 K&E Right-Angle Eyepiece can be used in place
of the standard eyepiece. With the right-angle eyepiece,
it is possible to use the telescope at floor level or
against a wall or other obstruction. The eyepiece can be
rotated through 360° for sighting from any angle perpen-
dicular to the line of sight. It maintains an erect image
at any rotational orientation. To attach the right-angle
eyepiece, refer to Figure 5 and proceed as follows:

1. Remove the protective cap from the micrometer eyepiece
by holding the knurled ring stationary while umscrew-
ing the cap in a counterclockwise direction.

2. Screw the adapter ring (which has two internal
threads) on the exposed threads.

3. Screw the standard right-angle eyepiece into the adap-
ter ring.

Knurled Ring of Adapter Ring

Micrometer Eyepiece

Protective Cap 71 2230
Standard Right Angle Eyepiece

Figure 5. Right-Angle Eyepiece Attachment

[6] Provided courtesy of Brunson Instrument Co. [7]
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MAINTENANCE

Ordinarily, the only maintenance procedure necessary is
the occasional replacement of burned-out lamps. To
replace the lamp, proceed as follows:

1. Pull apart the jack, as shown in Figure 6.

2. Unscrew the entire illumination unit from the auto-
collimator, exposing the miniature lamp.

3. Remove the used lamp and replace it with a G.E. #50
6-volt miniature lamp or equivalent.

On-Off Switch

Adapter

120v AC

Jack Wall Outlet

lllumination Unit
Miniature Lamp

1

Figure 6. Lamp Replacement

ADJUSTMENTS

The K&E Auto-Collimator is a fixed-focus instrument, i.e.
the focus has been laboratory set and sealed with the
correct reticle centering, internal magnification and
micrometer setting. Unless the instrument is tampered
with, these settings cannot change, and attempts to do so
will result in damage to sealed connections. A damaged
instrument should be returned to the factory for repairs.

Hubbel Twist-Lock

SPECIFICATIONS

Range: +5 minutes of arc
Direct Reading: To .2 seconds of arc
Estimated Reading: To .l seconds of arc

Working Distance: 0-50 feet with full micrometer
50-100 feet with +2 minute range

Magnification: 53x
Field of View: 22 minutes of arc
Objective Aperture: 50 mm

Equivalent Focal Length: 900 mm

(8] Provided courtesy of Brunson Instrument Co. [9]
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