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UNITED STATES PATENT of FICE 
2,313,168 

NCLINATION AND DIRECTIONAL DEVICE 
FOR BORE OLES 

Willard J. Opocensky, Long Beach, Calif., assign 
or to Eastman Oil Well Survey Company, Dallas, 
Tex., a corporation of Delaware, and Eastman 
Oil Well Survey Corporation, Long Beach, Calif., 
a corporation of California, jointly 
Application April 25, 1940, Serial No. 331,518 

(C. 33-205.5) 16 Claims. 

This invention relates to new and useful im 
provements in inclination and directional de 
Vices for bore holes. 
This invention is filed as a continuation-in 

part of my copending application, filed March 6, 
1939, Serial No. 260,073. 
One object of the invention is to provide an 

improved device which is adapted for use with 
Well Survey instruments and which has means 
for accurately determining and indicating the 
inclination, and the direction of such inclination, 
of the bore hole from the vertical. 
An important object of the invention is to 

provide an improved device for determining and 
indicating the inclination of a well bore, wherein 
a pair of indicating elements are mounted with 
in a housing which is arranged to be lowered into 
the well bore, one of said elements being mounted 
So as to be maintained in a true horizontal posi 
tion regardless of the inclination of the housing, 
with the other element being mounted to un 
dergo movement relative to said first element and 
being controlled in its movement and position 
by the inclination of the housing, whereby the 
relative positions of the two elements indicates 
the inclination of said housing and therefore, 
the inclination of the bore within which the 
housing is lowered. 
Another object of the invention is to provide 

an improved inclination and directional device, 
wherein the two indicating elements which indi 
cate the inclination are associated with a com 
paSS; the disposition of the parts being such that 
all of the same may be simultaneously photo 
graphed, whereby the relative positions thereof 
are indicative not only of the inclination but also 
of the direction of such inclination, and also 
Whereby a direct reading is obtained from the 
photograph or record, thereby obviating the 
necessity of using a straight edge or other tool. 
A particular object of the invention is to pro 

vide an improved device, of the character de 
scribed, having a plumb bob or other element 
mounted therein in addition to the other indi 
cating elements, whereby an accurate indication 
of small degrees of inclination of the bore from 
the vertical, may be obtained. 
A further object of the invention is to provide 

an improved device for indicating inclination 
and direction of inclination of a well bore, which 
includes a rotatable weighted element which 
automatically rotates to a predetermined posi 
tion in accordance with the low side of the bore, 
together with a compass and indicating element 
which are mounted so as to remain in a horizon 

tall plane at all times, whereby the relative posi 
tion of said Weighted element to said CompaSS 
and indicating element indicates the angle and 
direction of inclination of the bore. 

Still another object of the invention is to pro 
vide a device, of the character described, wherein 
the angle unit, as well as the compass proper 

O 

20 

are mounted in an improved manner whereby 
these parts and their associate elements are pro 
tected from excessive shock or jar as the device 
is moved through the Well bore. 
A still further object of the invention is to 

provide an improved inclination and directional 
device for use with a well surveying instrument 
which device comprises a single or unitary as 
sembly rotatably supported within a housing, 
said support including non-magnetic bearings 
whereby efficient operation of the unit and ac 
curate readings as to inclination and direction 
are assured. 
A construction designed to carry out the inven 

tion will be hereinafter described, together with 
other features of the invention. 
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The invention will be more readily understood 
from a reading of the following Specification and 
by reference to the accompanying drawings, in 
which an example of the invention is shown, and 
Wherein: 

Figure 1 is a view, partly in section and partly 
in elevation, illustrating an inclination and di 
rection device, constructed in accordance with 
the invention and showing the frame mounted 
within a well surveying instrument, 
Figure 2 is an enlarged, transverse, vertical, 

sectional view of the device. 
Figure 3 is an isometric view of the compass 

mounting, 
Figure 4 is an enlarged transverse, vertical, 

sectional view taken through the compass, 
Figure 5 is a plan view of the photograph or 

record which is made, showing the various posi 
tions of the indicating element of the device, 

Figure 6 is a view similar to Figure 2, showing 
a slightly modified form of the invention, 

Figure 7 is an enlarged, horizontal, cross-sec 
tional view, taken on the line 7-7 of Figure 6, 

Figure 8 is a transverse, vertical, sectional view 
of the upper portion of the device shown in 
Figure 6, taken on the line 8-8 and illustrating 
the housing inclined so as to show the action of 
the plumb bob, 

Figure 9 is a transverse, vertical, sectional view, 
of the upper portion of the device in Figure 6, 
with the outer housing of said device inclined, 

Figure 10 is a view similar to Figure 5, show 



2 
ing the photograph or record which is made by 
the modified form of the invention illustrated 
in Figures 6 to 9, 

Figure li is a transverse, vertical, sectional 
view of a slightly modified form of indicating 
means aSSOciated with the compass, 

Figure 12 is an isometric view of this form of 
the invention, and w 

Figure 13 is a view, similar to Figures 5 and 10 
and showing the record or photograph which is 
produced by the indicating element shown in 
Figures 11 and 12. 
In the drawings, the numeral to designates a 

well Survey instrument, which may be of any 
suitable construction. The instrument houses 
photographic equipment which includes a travel 
ing film which passes over a lens 2 which is 
mounted in the lower portion of the instrument 
case, as is clearly shown in Figure 1. A second 
lens 3 may be positioned over the film and 
is adapted to photograph a clock (not shown). 
The upper portion of the instrument O has the 
usual batteries and timing mechanism (not 
shown) mounted therein. It is noted that the 
construction of the well survey instrument, as 
well as the construction of the photographic 
equipment and its associate parts is subject to 
variation and forms no part of the inventive con 
cept of the present application. 
In carrying Out the invention, a device D for 

indicating the inclination and direction of in 
clination of a bore hole, is secured to the lower 
end of the instrument O. This device includes 
an Outer shell Or housing 4 which has its upper 
end threaded onto the lower end of the case of 
the instrument fo. The lens 2 projects into the 
upper portion of the housing 4 and a flat win 
dow 5 is mounted within said housing immedi 
ately below the lens 2. The lower end of the 
housing 4 is closed by a plug 6 which is thread 
ed thereinto, as is clearly shown in Figure 2. A 
suitable gasket ring 7 is mounted adjacent the 
threads of the plug 6 so as to form a fluid tight 
seal between said plug and the housing 4. The 
extreme lower end of the plug 6 may be recessed 
as shown at 8 to receive an inverted cap 9 and 
this cap may be provided with a key slot 20, 
whereby when the instrument is lowered into an 
Outer protective casing (not shown) the slot may 
cooperate with an alining element on said casing 
to properly dispose the instrument therein. If 
desired, the cap member 9 may be omitted and 
the lower portion of the plug 6 may be made 
fat. 
A supporting block 2 is mounted within the 

lower portion of the housing 4 and is formed 
with an external annular flange 22 at its upper 
end. The flange 22 rests upon a clamping ring 
23 which is supported within the housing by 
means of adjusting screws 24, the latter being 
threaded through a supporting ring 25. The 
ring 25 is provided with threads on its exterior 
surface and said threads engage the internal 
thread formed at the lower portion of the hous 
ing 4. The upper end of the flange 22 of the 
supporting block 2 is formed with an annular 
recess or groove 26 which is located at its periph 
eral portion. This recess is adapted to receive 
the lower end of a sleeve 27 which extends up 
wardly therefrom within the housing 4. The 
upper end of the sleeve 27 engages the periph 
eral portion of a curved window 28, which win 
dow is confined between the upper end of the 
sleeve and an internal shoulder 29 which is pro 
vided within the housing, Suitable gaskets 30 
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2,318,168 
may be disposed on each side of the peripheral 
portion of the window 28 and a similar gasket 
3 may be interposed between the lower end of 
the sleeve and the flange 22 of the supporting 
block 2, whereby a fluid tight seal between these 
engaging parts is obtained. 
From the above, it will be seen that the sup 

porting ring 25, together with the adjusting 
screws 24 provides a means for supporting the 
block 2 f, sleeve 27 and curved window 28. When 
the Screws 24 are moved upwardly, the clamping 
ring 23 which engages beneath the flange 22 of 
the block 2, moves the assembly upwardly, 
whereby the window 28 is clamped between the 
upper end of the sleeve 27 and the shoulder 29. 
Also, the supporting block 2 is confined against 
longitudinal movement within the housing 4. 
The supporting block 2 is formed with an 

axial bore 32, which is enlarged or counter-bored 
at its upper end, as indicated at 33. A depending 
collar 34 extends downwardly from the block 2, 
Surrounding the bore 32 and this collar extends 
into an enlarged axial bore 35 which is formed 
Within the plug 6. A relatively thin sleeve ele 
ment 36 is secured to the outer surface of the 
collar 34 and has its lower end closed so as to 
close the lower end of the bore 32 of the block 
2. A Sylphon bellows 37 surrounds the sleeve 36 
and has its upper end rigidly secured thereto. 
The lower end of the bellows is, of course, closed 
and air under pressure is confined within the 
interior of the bellows and is constantly urging 
Said bellows towards an expanded position. An 
annular shell 38 extends downwardly within the 
bore 35 of the plug 6 and surrounds the bellows 
37, being spaced therefrom, as is clearly shown 
in Figure 2. The upper end of the shell 38 is 
flanged and is secured to the underside of the 
Supporting block 2 by means of screws 39. A 
Suitable packing gasket 40 is interposed between 
the flange of the shell and the underside of the 
block So as to provide a fluid tight seal at this 
point. 
The interior of the shell 38 provides a chamber 

for receiving a suitable damping fluid and this 
chamber communicates with the space above the 
Supporting block 2 through ports or passages 4, 
whereby the damping fluid may be introduced 
into the space above the block and may flow 
downwardly into the chamber formed by the 
shell 38. In operation, the interior of the sleeve 
27, as well as the interior of the chamber formed 
by the shell 38 is entirely filled with the damping 
fluid and obviously, such fluid is subject to con 
traction and expansion under varying tempera 
ture conditions. When this fluid becomes heated 
due to an increased temperature, the expansion 
of the fluid is compensated by the bellows 37, 
which bellows will of course be collapsed in ac 
Cordance with the expansion of the fluid. Simi 
larly, if the fluid is cooled, the bellows 37 may 
eXpand to fill up the space which has been left 
by the contraction of the fluid. Thus, the bel 
lows 3 provides a means for compensating for 
the expansion and contraction of the fluid under 
varying temperature conditions. 
An indicating assembly A is mounted within 

the sleeve 2 above the supporting block 2 and 
this assembly includes a rotatable collar 42. 
This collar is formed with upwardly extending 
lugs or ears 43 which are disposed diametrically 
Opposite each other. An indicating wire or other 
element 44 has its ends secured to the ears 43 so 
as to extend transversely across the collar 42 
and this wire may have a coiled spring 45 con 
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nected therein so as to hold said wire taut at all 
times. The collar 42 has the upper end of a ro 
tatable shaft 88 secured thereto and this shaft 
extends downwardly into the bore 32 of the sup 
porting block 2. The upper portion of the shaft 
43 is formed with annular groove 47, whereby 
lateral bearings 68 may be interposed between 
said shaft and the counter-bore 33 of the bore 
32. It is pointed out that the Outer races of the 
bearings 3 are slidable vertically within the 
counter-bore, whereby the entire shaft may un 
dergo a limited vertical movement relative to the 
bore 32. The lower end of the shaft 66 is formed 
with an axial depending pin 68 which extends 
downwardly through thrust bearings 5 mounted 
in the lower end of the bore 32, such thrust bear 
ings being retained within the bore by means of 
a retaining ring s. The pin extends through 
the bearings 50 and has suitable nuts 52 secured 
thereon. A coil spring 53 is interposed between 
the lower end of the shaft 68 and the upper 
end of the bearings 50 and exerts its force to. 
urge the shaft in an upward direction within the 
bore 32. The strength of the spring is sufficient 
to lift the shaft and the collar 82 fastened there 
on and normally the parts are in the position 
shown in Figure 2. The purpose of the spring 
53 is to yieldably mount the collar and shaft so 
that when the device is lowered into the well any 
jar or shock is taken or absorbed by said spring, 
whereby the collar and its associate parts are not 
subjected to such shock or jar. 
From the above, it will be seen that the collar 

42 is freely rotatable within the housing 4 and 
said collar has a suitable weight 56 mounted 
therein at one side thereof. The provision of 
the weight within the collar will cause said col 
lar to rotate because the weight will always seek 
the low side of the well bore as the device is 
lowered therethrough. The weight is shown as 
located exactly 90° from the plane in which the 
indicating wire 44 extends. 
A compass unit is mounted within the upper 

portion of the collar 42 and includes a circular 
plate 55 which is provided with upwardly extend 
ing ears 55a, the latter being disposed diametri 
cally opposite each other. The ears 55a are piv 
otally mounted on pins 55b which extend in 
wardly from the upper end of the collar 42 and 
thus, it will be seen that the plate 55 may undergo 
a swinging movement relative to the collar 42. A 
compass C is mounted on the plate 55 and as is 
clearly shown in Figure 4, includes the usual mag 
netic needle 56 and compass card 57, which card 
carries the usual indications thereon. It is noted 
that the peripheral edge portion of the card is 
curved downwardly, so that the indications on 
said card are clearly visible from an angle. 
The mounting of the compass on the support 

ing plate 55 is such as to prevent shock or jar 
affecting the compass and includes a pivot pin 58 
which is mounted within the plate 55 and extends 
upwardly therefrom. A jewel bearing 59 engages 
the upper end of the pin 58 and is mounted with 
in a collar 60. The compass needle and compass 
card are secured to the collar 60, being clamped 
thereon between a flange 6 and a cap member 
62. A coil spring 63 is mounted within the cap 
member 62 and urges the jewel bearing 59 down 
wardly onto the pin 58 at all times. However, 
the bearing is yieldable with relation to the pin 
and such mounting prevents undue shock or jar 
being transmitted to the compass needle 56 and 
the compass card 5. For preventing upward dis 
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3 
from the pivot pin 58, the lower end of said 
collar is formed with an annular groove 4 which 
has the inner end of a retaining element 85 en 
gaged therein. As is clearly shown in Figure 4, 
the element 5 permits a limited upward move 
ment of the collar 60 but prevents displacement 
thereof from the pin 88. 

Since the compass C is mounted on the plate 
86, which plate is capable of a swinging move 
ment within the collar 62, it is manifest that said 
compass is also capable of a movement relative 
to said collar. Therefore, when the housing 4 
is lowered into an inclined well bore and the col 
lar 42 is inclined in accordance with the inclina 
tion of the housing, the compass C may remain 
in a horizontal plane, regardless of the inclina 
tion of the collar $2 with respect to the vertical. 
For assuring that the compass and its supporting 
plate 56 remain in a true horizontal plane, a 
weight 6 is secured to, the underside of the 
plate 53. 
An indicating ring $7 surrounds the plate 55 

and the compass C, being disposed in a vertical 
plane, as is clearly shown in Figure 2. This in 
dicating ring is preferably of a transparent ma 
terial and has a central indicating line 68 dis 
played thereon. In addition to the indicating line 
68, the transparent ring 67 is provided with grad 
luations or indications which are representative 
of degrees. The diameter of the ring 67 is such 
that its periphery is disposed contiguous or adja 
cent to the wire 44, which wire is carried by the 
collar 2. In order to permit the ring 67 to ex 
tend completely around the supporting plate, the 
weight is which is mounted within the collar 42 
may be provided with a groove or recess 82a, 
through which the ring 67 extends. The ring is 
rigidly secured to the supporting plate 55 so that 
when said plate swings with relation to the collar 
82, the ring 67 is rotated relative to the collar 
and to the indicating wire 44. Since the compass 
C is of the magnetic type, it is preferable that 
all of the parts of the device be constructed of a 
nonmagnetic material and it is particularly im 
portant that the bearings 48 and 50 be of such 
nonmagnetic material. 
In the operation of the device, the assembly, as 

shown in Figure 1 is suitably mounted within a 
protective casing (not shown) which is adapted 
to be lowered through the well bore by means of 
a cable, or other suitable element. So long as the 
instrument is maintained in a truly vertical posi 
tion, the housing 4 is also in such position and 
the parts are as shown in Figure 2. The bottom 
of the rotatable collar 42 is in a substantially 
horizontal plane, as is the compass unit. At this 
time, the Zero indication on the transparent ring 
6 is below the indicating wire 44 of the collar 
2. Of course, the compass needle 56 which is 

controlled by the magnetic influences of the 
earth, assumes a position indicating azimuth. 
As the casing 4 is inclined, due to the inclina 

tion of the bore hole through which the same 
is lowered, the collar 42 is rotated, such rotation 
being caused by the disposition of the weight 54 
at One side of said collar. As the collar 42 rotates 
due to the weight 54 seeking the low side of the 
hole, the supporting plate 55 and compass C are 
maintained in substantially a horizontal plane, 
Swinging on the pivot pin 55b. Therefore, the 
supporting plate, compass C and transparent in 
dicating ring 67 are maintained in substantially 
the same position as the parts assumed while the 
casing was lowered through the vertical portion 

placement of the collar 60 and its associate parts, 75 of the bore. However, since the collar 42 has 



4. 
been inclined and rotated, the indicating wire 
44 has moved to a different position relative to 
the periphery of the indicating ring 6. Thus, 
when all of the parts were in a vertical position, 
as shown in Figure 2, the zero indication of the 
ring 67 is opposite wire 44, but upon the inclina 
tion and rotation of the collar 42, the indicating 
wire 44 has moved opposite another indication on 
the indicating ring 67. The indications or grad 
uations on the ring 67 are graduated so as to be 
representative of degrees and therefore, if the 
inclination of the bore hole is 27 of of vertical, 
then the wire moves opposite the indication 2 
on the ring 67, thereby indicating the angle of 
inclination. 
The weight 54 which is mounted within the col 

lar 42 has its central portionalined with the cen 
tral indicating line 68 of the transparent ring 6 
and thus, the position of the weight with relation 
to the transparent ring 6 is known. Also, since 
the ring 67 is rigidly mounted on the supporting 
plate, said ring always maintains a given position 
with relation to the plate. The compass card ST 
which is below the ring 67 will, of course, be ro 
tated in accordance with the magnetic influences 
of the earth. Therefore, the relative position be 
tween the indications on the compass card and the 
central indicating line 68 on the indicating ring 6 
will show the azimuthal position of the weight 5. 
Since it is known that the weight will always seek 
the low side of the hole, the determination of the 
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azimuthal position of the weight will indicate the 
direction in which the hole inclined. Thus, it will 
be seen that the relative position of the indicating 
wire 44, with respect to the indicating ring 6 
will indicate the angle of inclination, while the 
relative position of the compass card to the weight 
54 will indicate the direction of such inclination. 
The device is lowered through the well bore to 

various positions therein and at each position, 
the camera equipment within the instrument to 
may be actuated by a suitable timing mechanism 
(not shown) to photograph the positions of the 
various indicating elements, such photograph 
being recorded on the film which travels 
through the housing 0. The photograph, which 
is taken of these various indicating elements, 
will be as shown in Figure 5. By observing this 
figure, it will be seen that the indicating wire 4 
has assumed a position relative to the periphery 
of the ring 67, which shows that the angle of in 
clination is substantially 27 from the vertical. 
Since the ring 67 is transparent, the entire sur 
face of the compass card 57 is visible therebe 
neath and the position of the indicating line 68 
on the ring 67, which line is representative of the 
location of the weight 54 with relation to the 
compass card is recorded. The relative positions 
of the line 68 with relation to the card illus 
trates the direction of inclination of the bore 
hole. 

It is apparent that the arrangement above 
described, will efficiently indicate the number of 
degrees from vertical up to 90 but if the incli 
nation is greater than 90, the device is ineffec 
tive. It has also been found that if the bore hole 
inclines from the vertical a small number of de 
grees, as for example 3 or 4, then the rotation 
of the collar 42 is so slight that it is difficult to 
obtain an accurate measurement of this inclina 
tion. In order to make the device adaptable for 
accurately recording a small variation or incli 
nation in the bore hole from the vertical, the 
construction shown in Figures 6 to 10 may be 
employed. In this form of the invention, a plumb 
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bob is mounted within the housing 4 above the 
curved window 28 and below the fiat window 5. 
This plumb bob includes a collar 70, which is sus 
pended by means of wires, or other supporting 
element from a gimbal ring arrangement 2. 
As is well known, the gimbal ring arrangement 
includes a pair of rings which are so pivoted to 
each other that the plumb bob O may undergo 
a universal movement within the housing 4. 
The collar of the plumb bob Overlies the upper 
surface of the curved window 28 and said Window 
is provided with a plurality of concentric lines, 
each being representative of one degree. When 
the device is in a true vertical position, as shown 
in Figure 6, the collar O of the plumb bob will be 
alined with the center of the curved window 28. 
However, when the housing 4 is inclined from 
the vertical, due to being lowered in an inclined 
bore, the universal mounting of the plumb bob 
causes the collar To thereof to move to a point off 
center of the window 28, as is shown in Figures 
8 and 9. Thus, when a picture is taken, the pos 
sition of the plumb bob with relation to the center 
of the window 28 is recorded, as shown in Figure 
10. The relation of the image of the plumb bob 
to the center of the window 28 indicates the num 
ber of degrees which the housing 4 inclines and 
therefore, illustrates the angle of inclination of 
the bore. The plumb bob is of course interposed 
between the camera, equipment and the other in 
dicating elements and when a photograph is 
taken, all of the elements are photographed or 
recorded on the film, as is clearly shown in Figure 
10. This form of the invention, as has been ex 
plained, is particularly adapted to accurately in 
dicate the angle of inclination, when such angle 
is of a very low degree. w 

In the forms of the invention shown in Figures 
1 to 10, the indicating ring 6 has been shown 
and described as being transparent. The con 
Struction of the ring of transparent material 
makes it possible for the ring to overlie the come 
paSS Card and yet obtain a photograph of Said 
card. However, it might be desirable to form 
the indicating ring 6 of a nontransparent mate 
rial, and in Such case, the ring Would be made in 
two pieces, as illustrated in Figures 11 to 13. 
The two piece ring includes a ring 6a and a 
ring 67b, which are secured to the supporting 
plate 55 and have their peripheries immediately 
below the indicating wire 44. In order to indi 
cate the relative position of the weight 54 of the 
collar 42 with respect to the supporting plate 55 
and compaSS, a separate indicating element 80 

55 is secured to the plate 55 (Figure 12) and takes 
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the place of the central indicating line 68 in the 
first form. Manifestly, the operation of this 
form of the invention will be exactly the same 
and the photograph or record which is made will 
be as shown in Figure 13. The only difference 
between the device shown in Figures 11 to 13 
and the other devices is that the indicating ring 
is made up of two narrow rings 6a and 67b, 
both of Which are not transparent. 
The foregoing description of the invention is 

explanatory thereof and various changes in the 
size, shape and materials, as Well as in the de 
tails of the illustrated construction may be made, 
within the scope of the appended claims, without 
departing from the Spirit of the invention. 
What I claim and desire to Secure by Letters 

Patent is: 
1. An inclination and directional indicating 

device including, a housing, an element mounted 
within the housing and arranged so as to main 
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tain a fixed position relative to the longitudinal 
axis of the housing whereby said element assumes 
the same inclination from the vertical as said 
housing, an indicating means carried by said ele 
ment, an arcuate member pivotally mounted 
within the element, means for maintaining said 
member in the Same plane regardless of the in 
clination of the housing and element, whereby, 
when said element is inclined from the vertical, 
the position of the indicating means carried by 
Said element is moved relative to the arcuate 
member to indicate the angle of Such inclination 
from the vertical, and photographic means with 
in the housing above the element for photograph 
ing the relative positions of the indicating means 
and element. 

2. The combination with a well Surveying in 
Strument of an inclination and directional india 
Cating device including, a housing, a Supporting 
block mounted within the housing, an indicating 
assembly mounted on the block and including 
means for indicating the inclination of the hous 
ing and means for indicating the direction of 
such inclination, means for confining a damping 
liquid around the indicating assembly, compen 
sating means mounted on the block and exposed 
to the confined liquid for compensating for ex 
pansion and contraction of the liquid under vari 
ous temperature conditions, and means for pro 
tecting the compensating means from the pres 
Sure in the Well Outside the housing Whereby 
said compensating means is not affected by Said 
well pressure. 

3. The combination. With a Well Surveying in 
strument of an inclination and directional in 
dicating device including, a housing, a support 
ing block mounted within the housing, an in 
dicating assembly mounted on the block and in 
cluding means for indicating the inclination of 
the housing and means for indicating the direc 
tion of such inclination, means aSSociated with 
said assembly for yieldably mounting the same 
whereby shocks and jars are absorbed and Said 
assembly is not subjected thereto, means for con 
fining a damping liquid around the indicating 
assembly, compensating means mounted. On the 
block and exposed to the confined liquid for 
compensating for expansion and contraction of 
the liquid under various temperature conditions, 
and means for protecting the COmpenSating 
means from the pressure in the Well Outside the 
housing whereby Said Compensating means is not 
affected by Said well pressure. 

4. An inclination and directional indicating 
device including, a housing, an element mounted 
within the housing and arranged. So as to main 
tain a fixed position relative to the longitudinal 
axis of the housing whereby said element as 
Sumes the same inclination from the vertical as 
said housing, an indicating means carried by 
said element, an arcuate member pivotally 
mounted within the element, means for main 
taining said member in the same plane regard 
less of the inclination of the housing and ele 
ment, whereby when said element is inclined 
from the vertical, the position of the indicating 
means carried by said element is moved relative 
to the arcuate member to indicate the angle of 
such inclination from the vertical, and a plumb 
bob mounted so as to undergo universal move 
ment within the housing and arranged to hang 
vertically SO as to be axially allined with the Cen 
ter of the housing when the same is in a vertical 
position, said plumb bob being swung to an off 
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center position when the housing is inclined to 
indicate the angle of such inclination. 

5. An inclination and directional indicating 
device including, a housing, an element mounted 
within the housing and arranged so as to main 
tain a fixed position relative to the longitudinal 
axis of the housing whereby said element assumes 
the same inclination from the vertical as said 
housing, an indicating means carried by said 
element, an arcuate member pivotally mounted 
Within the element, means for maintaining said 
member in the same plane regardless of the in 
clination of the housing and element, whereby 
when said element is inclined from the vertical, 
the position of the indicating means carried by 
Said element is moved relative to the arcuate 
member to indicate the angle of such inclination 
from the vertical, a plumb bob mounted so as 
to undergo universal movement within the hous 
ing and arranged to hang vertically so as to be 
axially alined with the center of the housing 
when the same is in a vertical position, said 
plumb bob being swung to an off-center position 
When the housing is inclined to indicate the 
angle of such inclination, and means within the 
housing for recording the position of the plumb 
bob with relation to the housing, and also for 
recording the position of the indicating means 
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relative to the arcuate member. 
6. An inclination and directional indicating 

device including, a housing, an element rotatably 
mounted axially within the housing, means se 
Cured to the element for rotating the same to a 
predetermined position upon the inclination of 
the housing and element, indicating means car 
ried by the element, an arcuate member piv 
otally mounted within the element in a pre 
determined relation, means for maintaining the 
element in a horizontal plane regardless of the 
inclination of the element from the vertical, 
Whereby the position of the indicating means 
relative to the member is varied in accordance 
With the inclination of said element from the 
Vertical to indicate the degree of such inclina 
tion, a compaSS unit associated with the arcuate 
member for indicating the position of said mem 
ber relative to azimuth and thereby indicating 
the direction of the inclination of the element, 
and a plumb bob mounted so as to undergo uni 
Versal movement within the housing and ar 
ranged to hang vertically so as to be axially 
alined with the Center of the housing when the 
Same is in a vertical position, said plumb bob 
being SWung to an off-center position when the 
housing is inclined to indicate the angle of such 
inclination. 

7. An inclination and directional indicating 
device including, a housing, an element rotat 
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ably mounted axially within the housing, means 
Secured to the element for rotating the same to a 
predetermined position upon the inclination of 
the housing and element, indicating means car 
ried by the element, an arcuate member piv 
otally mounted within the element in a predeter 
mined relation, means for maintaining the ele 
ment in a horizontal plane regardless of the 
inclination of the element from the vertical, 
whereby the position of the indicating means 
relative to the member is varied in accordance 
with the inclination of said element from the 
vertical to indicate the degree of such inclina 
tion, a compass unit associated with the arcuate 
member for indicating the position of said mem 
ber relative to azimuth and thereby indicating 
the direction of the inclination of the element, 
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a plumb bob mounted SO as to undergo universal 
movement within the housing and arranged to 
hang vertically so as to be axially allined with 
the center of the housing when the same is in a 
vertical position, said plumb bob being swung to 
an off-center position when the housing is in 
clined to indicate the angle of such inclination, 
and photographic means within the housing for 
photographing in One photograph the position 
of the plumb bob relative to the center of the 
housing and also the relative positions of the in 
dicating means, arcuate member and compass 
unit to each other. 

8. An inclination and directional indicating 
device including, a housing, an element mounted 
within the housing and arranged so as to main 
tain, a fixed position relative to the longitudinal 
axis of the housing whereby said element as 
Sumes the same inclination from the vertical as 
Said housing, an indicating means carried by 
Said element, a pair of relatively narrow non 

- transparent arcuate members pivotally mounted 
Within the element, and means for maintaining 
said members in the same plane regardless of 
the inclination of the housing and element, 
whereby when said element is inclined from the 
vertical, the position of the indicating means 
carried by said element is moved relative to the 
arcuate members to indicate the angle of such 
inclination from the vertical. 

9. An angle unit for Well Surveying instru 
ments, comprising a case, a yoke in the case, a 
shaft depending from the yoke, means journal 
ing Said shaft in the case, a plate pivotally 
mounted in the yoke, a compass card mounted 
on the plate, a weight on one side of the yoke, 
a weight on the bottom of said plate, and an ar 
cuate, transparent ring mounted on the plate, a 
fixed wire above the ring, said ring being cali 
brated to indicate inclination of the hole, an 
orientation line on Said ring extending circum 
ferentially thereof, said shaft being journaled 
for vertical movement in the case, and spring 
means bearing against the shaft and holding 
Said shaft in raised position. 

10. An angle unit for well Survey instruments, 
comprising a case, a yoke in the case, a shaft 
depending from the yoke, means journaling said 
shaft in the case, a plate pivotally mounted in 
the yoke, a compass card mounted on the plate, 
a weight on One side of the yoke, a Weight on 
the bottom of Said plate, and an arcuate, trans 
parent ring mounted on the plate, a fixed wire 
above the ring, said ring being calibrated to in 
dicate inclination of the hole, an Orientation line 
on Said ring extending circumferentially thereof, 
said shaft being journaled for vertical movement 
in the case, and Spring means bearing against 
the shaft and holding said shaft in raised posi 
tion, and means yieldably mounting the compass 
card on the plate. 
1. An angle unit for Well Surveying instru 

ments, including a case, a yoke journaled in the 
case, a Weight on One side of Said yoke, a com 
pass plate pivotally mounted in the yoke, a 
Weight On the bottom of Said plate, a compass 
card mounted on the plate, and an arcuate ring 
mounted on Said plate, said ring being calibrated 
to indicate the inclination of the hole, a fixed 
index wire above said ring, a transparent pane 
mounted in the case above said unit, the space 
below said pane and about Said yoke and compass 
card being filled with a liquid, a temperature 
and pressure responsive device emersed in the 
liquid, and means for protecting the tempera 
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ture and pressure responsive device from the well 
pressure Outside the case. 

12. An angle unit for well surveying instru 
ments, including a case, a yoke journaled in the 
case, a Weight on one side of said yoke, a com 
pass plate pivotally mounted in the yoke, a 
weight on the bottom of said plate, a compass 
card mounted on the plate, and an arcuate ring 
mounted on said plate, said ring being cali 
brated to indicate the inclination of the hole, 
& fixed index wire above said ring, a transparent 
pane mounted in the case above said unit, the 
space below said pane and about said yoke and 
compass card being filled with a liquid, a tem 
perature and pressure responsive device emersed 
in the liquid, and means yieldably mounting said 
yoke in the case whereby shock on the case may 
be absorbed. 

13. An angle unit for well surveying instru 
ments, comprising a case, a head mounted in 
the case, a yoke, a shaft depending from the 
yoke, said shaft being journaled in the head, a 
counterweight on one side of the yoke, a com 
pass plate pivotally mounted in the yoke, a com 
pass card mounted on the plate, an arcuate, 
transparent ring mounted on the plate, said ring 
extending over the compass card, and said ring 
being calibrated to indicate inclination of the 
hole, an index wire fixedly mounted above the 
ring, a transparent pane mounted in the case 
above the yoke, the space below said pane and 
above said yoke being falled with a liquid, and 
means yieldably mounting said shaft in the head. 

14. An angle unit for well surveying instru 
ments, comprising a case, a head mounted in 
the case, a yoke, a shaft depending from the 
yoke, said shaft being journaled in the head, 
a counterweight on one side of the yoke, a com 
pass plate pivotally mounted in the yoke, a com 
pass card mounted on the plate, an arcuate, 
transparent ring mounted on the plate, said ring 
extending over the compass card, said ring being 
calibrated to indicate inclination of the hole, an 
index wire fixedly mounted above the ring, a 
transparent pane mounted in the case above the 
yoke, the space below said pane and above said 
yoke being filled with a liquid, means yieldably 
mounting said shaft in the head, and means 
yieldably mounting the compass card on the 
plate. 

15. An angle unit for well surveying instru 
ments, comprising a case, a head mounted in 
the case, a yoke, a shaft depending from the 
yoke, said shaft being journaled in the head, a 
counterweight on one side of the yoke, a com 
pass plate pivotally mounted in the yoke, a com 
pass card mounted on the plate, an arcuate, 
transparent ring mounted on the plate, said ring 
extending over the compass card, said ring be. 
ing calibrated to indicate inclination of the hole, 
an index wire fixedly mounted above the ring, 
a transparent pane mounted in the case above 
the yoke, the space below said pane and above 
said yoke being filled with a liquid, means yield 
ably mounting said shaft in the head, a tem 
perature and pressure sensitive cup depending 
from the head, said angle unit having a space 
around said cup, said space being open to the 
Space about Said yoke. 

16. An angle unit for well surveying instru 
ments, comprising a case, a head mounted in 
the case, a yoke, a shaft depending from the 
yoke, said shaft being journaled in the head, 
a counterweight on one side of the yoke, a com 
pass plate pivotally mounted in the yoke, a con 
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pass card mounted on the plate, an arcuate, 
transparent ring mounted on the plate, said ring 
extending over the compass card, said ring being 
calibrated to indicate inclination of the hole, an 
index wire fixedly mounted above the ring, a 
transparent pane mounted in the case above the 
yoke, the space below said pane and above said 
yoke being filled with a liquid, means yieldably 
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mOnting said shaft in the head, a temperature 
and pressure Sensitive cup depending from the 
head, said angle unit having a Space around said 
cup, said Space being open to the space about 
said yoke, and means yieldably mounting the 
compass card on the plate. 

WILLARD J. OPOCENSKY. 


