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UNITED STATES PATENT OFFICE 
23,832 

MEANS FOR SUEYEYN WEL, BOBES 
Leonidas C. Rier, Callas, Tex., &gsignor, by do a 

rect and nestie assigratests, of orie-half to 
Eastina O. We Stirrey Company, Dags, 
Tex., a corporation of seisware, and one-half 
to Essignan Oil We Starvey Corporation, ong 
Besch, Calif., a corporation of California, 
Application July 20, 1939, Serial No. 285,597 

m 22 Claims. (C1, 33-205.5) 
This invention relates to new and useful im 

provements in methods of and means for sur 
veying well bores. 

in the drilling of Wells, and particularly in 
driling to greater depths, it is not only desirable 
and advantageous, but substantially essential 
that the drilling operator be advised of the di 
rection and icination fron the Wertical of the 
bore hole, as the drilling proceeds. Stich infore 
nation makes it possible to accurately drill the 
hole if the desired manner, that is, in the proper 
direction and at the proper angle Or inclination. 
Particularly in angular drilling, which has come 
into more extensive use, is such information re 
garding the trend of the bore hole especially val 
uable for, without it, accurate angular drilling 
cannot be accomplished. 

It is one object of the invention to provide an 
improved method of surveying a bore hole where 
in electrical impulses are transmitted to the sur 
face, sch, impulse being in accordance with the 

5 

0. 

5 

Orienting and transmitting unit which is are 
ranged to be lowered into the well bore on a 
flexible line and which has means for transmit 
ting electrical impulses, representative of the di 
rection and degree of inclination of the bore, to 
the surface, such impulses actuating an indicat 
ing unit at the surface to transpose said impulses 
into visible indications to visibly record the di 
rection and deviation of the bare. 
A further object of the invention is to provide 

an improved apparatus, of the character de 
scribed, wherein a compass is associated with a 
light responsive cell, the latter controlling the 
position of a directional indicating mechanism, 
whereby the mechanism is maintained in a fixed 
position or direction, so that a basis is estab 
lished from which readings, as to direction and 
angle or deviation from the vertical of the bore, 

20 

direction and inclination of the bore hole, where 
by said impulses are indicative of the trend of 
said hole. - 
Another object of the invention is to provide 

an improved well surveying method by which 
electrical impulses of varying frequencies are 
generated and transmitted to the Surface in ac 
cordance with the direction and deviation of the 
we bore, said impulses being received at the 
surface and transposed into visible indications 
to indicate the trend of the bore; the method 
involving a minimun length of time, whereby 
surveying of the bore is facilitated. 

It is another object of this invention to pro 
wide an improved electrical well survey apparatis 
for surveying a bore hole, whereby both the d 
rection of inclination and the degree or angle of 
inclination from the vertical may be readily de 
termined at various or successive points in the 
bore hole to indicate the trend of said bore; the 
apparatus being unaffected by voltage fluctuation 
and temperature changes and the measurements 

25 
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or readings being taken being based solely on 
time, whereby accuracy of the measurements is 
assured. 
An important object of the invention is to pro- . 

vide an improved apparatus for surveying a well 
bore which is constructed so that the direction 
and degree of inclination of the bore will be in 
dicated and recorded at the surface of said 

45 

bore, whereby a permanent record of the trend 
of the bore is made as the well is surveyed. 
Another object of the invention is to provide 

an improved well survey apparatus including an 
y 

s 

may be taken. 
A particular object of the invention is to pro 

vide an improved well survey apparatus having 
an electrical contact, the position or which is con 
trolled by a Compass so as to maintain said con 
tact in a fixed position, the apparatus also in 
cluding a pair of movable electrical contacts 
which are controlled by weight elements and 
which indicate the direction and angle of in 
ciination of the well bore, respectively, together 
with a master rotatable contact disk arranged to 
engage the trio of contacts to close electrical cir 
cuits to an indicating mechanism located at a 
point remote from said contacts, whereby the 
direction and angle of inclination of the bore 
may be accurately indicated at the surface. 

Still another object of the invention is to pro 
vide an improved compass unit which will ac 
curately maintain a fixed point in a predeter 
mained direction, whereby such point provides a 
basis from which indications and readings may 
be obtained, 
A still further object of the invention is to 

provide an electrically operated survey appa 
ratus which is arranged so that the electrica 
power for Operating the apparatus, as well as . 
the generated indicating impulses, may be 
transmitted over the same conductor, whereby 
lowering of the device through the we bore is 
facilitated 
Another important object of the invention is 

to provide an improved indicating and recording 
unit wherein the indications are recorded on 
tape, or other element, which permits a contin 
ous, as well as a permanent, record to be made, . 
A construction designed to carry out the in 

. 
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2 
vention will be hereinafter described, together 
with other features of the invention. 
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 
wheren: 

Figure 1 is a transverse, vertica, sectional view 
of a well bore, showing the transmitting unit of 
the apparatus lowered therein, 

Figure 2 is a transverse, vertical, sectional view 
of the outer housing and illustrating the unit 
mounted within said housing, 

Figure 3 is an enlarged transverse, vertical, 
sectional view of the upper portion of the trans 
mitting unit, 

: Figure 4 is a similar view of the intermediate 
portion of Said unit, 

Figure 5 is a similar view of the lower portion 
of said unit, 

Figure 6 is a horizontal, cross-sectional view 
take on the line 6-8 of Figure 4, 

Figure 7 is a horizontal, Cross-sectional view 
staken on theine - of Figure 4, 

0. 

Figure 8 is a horizontal, croSs-sectional view SS 
taken on the line 8-8 of Figure 4, 

Figure 9 is an enlarged transverse, vertical, 
sectional view of the contact assembly and also 
of the weight asserably, the same being illustrat 
ed in an inclined position, 

Figure 10 is a wiring diagram of the transmit 
ting unit, 

Figure 11 is a schematic view and wiring dia 
gram of the recording unit, which is located at 
the surface of the Well, 

Figure 12 is an enlarged transverse, vertical, 
sectional view takin on the line 2-2 of Fig 
ure 5, 

Figure 13 is a horizontal, cross-sectional view 
taken on the line 3-3 of Figure 12, and illus 
trating the position of the photoelectric cells in 
dotted lines, 
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Figure 14 is an isometric view of the weight 
assemby which controls the direction contact, 

Figure 5 is an isometric view of the pendulous 
weights, 

Figures 16, 17 and 18 are views similar to Fig 
ures 3, 4 and 5 and illustrating a modified form 
of the invention, 
Figure 19 is a horizontal, cross-sectional view 

taken on the line 9-9 of Figure 1, 
Figure 20 is a horizontal, cross-sectional view 

taken on the line 20-20 of Figure i7, 
Figure 21 is a horizontal, cross-sectional view 

taken on the line 2-2 of Figure 18, 
Figure 22 is an enlarged transverse, sectional 

view of the contact assembly ad control means 
of the modified form, 
Figure 23 is a diagram illustrating the opera 

tion of the parts shown in Figure 22, 
Figure 24 is a wiring diagram of the trans 

mitting unit of the modified form, 
Figure 25 is a schematic view and wiring dia 

gram of the recording unit employed in the modi 
fied form, and 

Figure 2S is a schematic view and partia wir 
ing diagram illustrating the hook-up when the 
oscillators and their associate parts are elimi 
nated. 

The general assembly 
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In the drawings, the numeral le designates a 
well bore which has been illustrated as curving 
or inclining from the vertical. In surveying the 

2,817,082 
said bore inclines, as well as the angle or in 
clination, in degrees, from the vertical, be ascer 
tained. Successive readings are taken are vari 
ous elevations or points throughout the well bore 
and a correlation of such readings provides ac 
Curate information as to the direction and de 
gree of inclination of said bore. 

In carrying out the invention, an orienting and 
transmitting unit is adapted to be lowered 
through the well bore f on a fiexible line or ca 
ble . The upper end of the cable extends from 
the Well bore and passes over a pulley 2, after 
which the cable is wound around a drum 3 
located at the surface, whereby lowering and 
raising of the unit T is facilitated. A lead wire 
or conductor extends upwardly from the unit 
F through the 'cable and has connection with a 
suitable indicating and recording unit R which 
is nourted at the surface of the well. The wire 
or conductor f4 is utilized to conduct the elec 
trical current, which is necessary for operation 
of the unit T, downwardly to said unit, and is 
also employed for carrying the transmitted elec 
trical impulses from said unit to the recording 
unit R, as will be hereinafter explained. 
The orienting and transmitting unit Tincludes 

an oliter shell or housing 5 (Figure 2) which 
has its lower end closed by a plug or closure 
6, which is threaded thereinto. An inner hous 

ing f is mounted within the outer shell and the 
operating apparatus and equipment of the unit 
is contained in this inner housing. The housing 
is held against rotation within the shell by an 
upstanding, transversely extending key fa which 
is formed on the plug or closure 6 and which 
engages a groove 9 in the underside of said 
housing. A metalic contact 20 is axially mount 
ed within the top of the inner housing and is 
recessed to receive a contact prong 2 which de 
pends from the center of an insulating disk 22. 
The lower end of the wire or conductor f4 is 
electrically connected with the prong 2 f. The 
prong is urged into engagement with the contact 
by a coiled spring 23 which is confined between 
the disk 22 and the underside of a cable or line 
Societ 24, the latter being constructed in two 
sections and being threaded into the upper end 
of the shell 5. The lower end of the cable 
is secured within the socket and a fishing neck 
25 which is threaded onto the upper end of the 
Socket surrounds the cable. A suitable packing 
26 is confined within the socket and packs off 
around the conductor which extends from the 
lower end of the cable. 
The unit T is lowered to successive positions 

in the well bore O and at each position, the 
unit T is operated. As will be explained, the 
operation of the unit transmits a plurality of 
electrical impulses to the indicating and record 
ing unit R at the surface, said impulses being 
transmitted over the conductor f4. The impulses 
are representations of the direction in which 
the bore 0 inclines and also of the degree or 
angle of such inclination and the indicating and 
recording unit R transposes these representations 
into visible indications. By taking the readings 
at successive elevations or points in the bore, 
the direction and degree of inclination is accu 
rately indicated. \ . 

The orienting and transmitting unit 
The orienting and transmitting unit is clearly 

shown in Figures 3 to 5 and, as explained, in 
cludes the housing. which is incapable of ro 

bore, it is essential that the direction in which 75 tation within the shell 5. The housing is of 
s 

s 

i 
g 
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2,817,083 
a constant diameter, slightly less then the inner 
diameter of the shell, and the upper end thereof 
is closed by a cap 2 which is threaded there 
into. The retallic contact 20 is mounted with 
in the cap and is insulated therefrom by an in- 5 
sulating collar 28 which surrourds said contact 
and by an insulating disk 29 which underlies the 
cap. The lower end of the housing it is closed 
by a plug. 3, which has threaded connection 
therewith, and the underside of this plug is pro- 0 
vided with the groove fe which receives the up 
standing key fs of the closure B. The upper end 
of the plug. 3 is formed with an axial recess. 3, 
which is countersunk to receive a bearing assemi 
by 32. A pivot pin 33 which depends from the is 
lower end of a rotatabie casing 34 is confined 
within the bearing asserably and is freely rotat 
able therein. 
The rotatable casing 36 houses that portion of 

the apparatus, which will hereinafter be referred 20 
to as the compaSS unit C, and said casing has an 
outer diameter less than the inner diameter of 
the housing so as to be freely rotatable therein. 
The casing is within the lower portion of the 
housing and has its lower end closed by a plug 25 
35 into which the pivot pin 33 is threaded (Fig 
ture 5). The upper end of the casing has a cap 
36 (Figure 4) threaded thereinto and said cap 
has an upwardly extanding, tubular shank or 
sieeve 37, preferably made integral therewith. 8 
The shank projects through an axial Opening 8 
formed in a transverse partition 39, which is pro 
vided within the housing f. Suitable bearings to 
surround the shank and, manifestly, the inner 
casing 3 is mounted so as to be freely rotatable 35 
within the housing f. 
The compass unit C, which will be hereinafter 

described, is housed within the rotatable casing 
St which is mounted within the lower portion of 
the housing 7. Immediately above the casing, 40 
a contact assembly A, which is actuated to close 
electrical circuits to a transmitting apparatus, is 
mounted. A weight assembly W, which controls 
tha position of certain of the contacts in the 
assembly A is disposed above said assembly and 45 
in the upper portion of the housing , is the 
transmitting apparatus. This apparatus in 
cludes a trio of oscillators of 62 and 03, which 
are supported on transverse partitions or decks 

. The various transformers, filter reactors 
and other necessary electrical equipment, are 
also mounted within the housing , as will be 
more fully explained. 
The compass unit C within the rotatable cas 

ing 34 is arranged to control the position of the 55 
casing with relation to north, Or any other de 
sired azimuth. This casing has connection with 
the contact assembly and the position of the cas 
ing, which is, in effect, the position of the com 
pass, is transmitted to the surface through the 60 
oscillator of. The weight assembly W also has 
connection with the contact assembly A and the 
positions of the weights of said assembly are 
transmitted to the surface through the Oscilla 
tors O2 and 63 of the transmitting apparatus. 65 
The weights of the assembly W assume a posi 
tion in accordance with the direction and degrees 
of inclination end, therefore, by transmitting the 
positions of said weights to the indicating and 
recording unit R at the surface, the trend of the 70 
hore is indicated, as will be hereinafter des 
scribed in detail. 

The con?pass tatt 

3 
lower portion of the rotatable casing 36 and in 
cludes a tubular shell or aleeve 2 (Figre 55, 
which is secured within the casing inned sely 
above the plug is which closes the lower end 
thereof. A block 3 is disposed within the lower 
portion of the shell, preferably having threaded 
engagement therewith, and this biock is formed 
with an axial bore or opening 4. A shaft 
extends axially of the bore, being supported on 
besrings 66, and the upper end of said shaft 
projects above the block. An arcuate supporting 
bracket or collar if is secured to tie upper end 
of the shaft and, manifestly, said bracket or col 
lar is freely rotatable within the casing. A 
weight 48 is fastened within the bracket at one 
side thereof and when the casing 34 is inclined 
as, for example, as it is lowered through an in 
clined bore, this weight always finds the low 
side, the bracket being rotated to allow said 
weight to move to such low side. 
A magnetic compass 59 is mounted within the 

Supporting bracket or collar 47 and includes a 
semi-spherical base S (Figures 5 and 12). The 
base is weighted and is pivotally secured to the 
bracket, the pivot points 52 being located dia 
metrically opposite each other and being mis 
alined substantially ninety degrees from the 
weight 48 of saidi bracket. With such arrange 
ment, when the casing 35 is inclined, the weight 
48 fads the low side, rotating the bracket 4 
accordingly. At Such time the bracket is in 
clined, that is, its side walls are off the vertical, 
but the weighted base 5 of the compass swings 
or its pivots 52 to maintain the upper surface 
of said base in a true horizontal plane. 
The usual suspension pivot 53 extends upward 

ly from the base 5 and a semi-spherical she 
5 is mounted or the upper pointed end of said 
pin. Upward displacement of the shell is pre 
vented by a sieeve 55 which depends axially from 
the shell and which has its lower flanged end 
engaged beneath a keeper 58 mounted on the 
base 5. The usual magnets 57a are suitably 
secured within the shell 54. The upper surface 
of the shell is of a dull non-reflecting surface 
except for a narrow strip or bar of iight reflect 
ing material 5. This strip or bar extends from 
the Center of the shell (Figure 3) to the otter 
edge thereof and is disposed on the shell so as 

50 to constantly point in a predetermined direc 
tion. For the purposes of this description, it 
will be presumed that the reflecting bar or strip 

is always pointing north, although it could be 
arranged on the upper surface of the shell to 
point in other directions. From the foregoing, it 
will be obvious that when the unit T is lowered 
into a well bore, said unit will incline in accord 
ance With the incliniation of the bore. Also, since 
said housing is carried by the flexible line , 
it may rotate as it is lowered. However, regard. 
less of the rotation of the unit or of he inclina 
tion thereof, the compass 50 maintains the re 
flecting strip or bar 57 on the upper surface of 
the semi-spherical shell 54 in a position or di 
rection pointing north. 
The upper end of the tubular shell 42 which 

houses the compass is closed by a cap member 
which is threaded into said upper end. This 

cap member has a downwardly extending, conica 
sleeve 9 formed integral therewith and located 
axially thereof. The sleeve is reduced toward 
sta lower end and has a suitable curved window 
6 mounted therein. Tie window provides a clo 

sure to retain a suitable damping fluid for the 
The compass unt c is mounted within the is compass within the casing 42, the fluid being 

4. -- . . .rs d 



4. 8,817,682 
maintained at the level indicated in Figure 5. 
Manifesty, the light rays pass through the win 
dow and strike the light reflecting strip or stir 
face 5 of the semispherical shell 6 of the corn 
9888. 
A tubular lens-carrying sleeve or casing it is 

mounted above the shell 42 within the casing 
34. This sleeve is disposed at one side of the cas 
ing 56 and has its upper end extending through 
and supported within a transversely extending () 
plate or deck 82. The lower end of the sleeve 
terminates adjacent a prism 6 which is mounts 
ed in a transverse partition and light rays 
which pass through the sleeve strike the prism 
and are directed through the window 60 above 
the compass. As is schematically shown in Fig 
ure 10, the sleeve 6 f has a pair of coldensing 
lenses 65 at its upper end with a pair of project 
ing lenses 66 at its lower end. A gate 6, of the 
usual construction, is interposed between the 
enses 85 and 66. Manifestly, light rays from 
a source of light above the tubular sleeve 6 pass 
downwardly through the lenses which concern 
trate said rays on the prism 63, which prism di 
rects the same through the window CO and onto 
the light reflecting strip 5 of the compass shell 
5. 
As a source of light, an electric lamp 3, hav 

ing a straight wire filament, is mounted above 
the tubular sleeve 6. The lamp is insertable 
within a socket 69 which is carried by an insu 

5 

20 

3) 

lated support G extending upwardly from the 
deck 62. A spring contact if engages the base of 
the lamp and serves to conduct electrical current 
thereto. When the lamp is illuminated, light 
rays are directed downwardly through the enses 
and prism and are concentrated on the light re 
flecting strip 5 of the compass shell; actually, 
an image of the lamp filament is projected onto 
he reflecting strip. 

t The light rays which strike the light reflecting 
strip 57 are reflected upwardly therefrom and 
onto a twin light sensitive element, such as a 
twin photo tube 72, which includes photoelectric 
cells 72a and 7.2b (Figure 10). A prism 63a is 
interposed between the compass and the twin 
photo tube. The twin photo tube 72 is adapted 
to control a follow-up electric motor 3 which 
is mounted on a transverse support 4 within the 
casing 34 near the upper portion thereof. The 

relative to the outer housing T. 
35 

49 

45 

and are normally located, one on each side 
of the light refecting strips. When the com 
pass is at rest with the strip 57 pointing north, 
then the light rays from said strip are directed 
between the photoelectric cells 2a and with . . 
each vell receiving an equal amount of light, such 
anotint being insufficient to actuate the relays 

atrolling the motor windings 73a and ib. 
the shell 5 of the compass moves, with relation 
to the photo tube, so as to cause more light to . 
strike one cell, then the motor winding con 
Folled by that cell is actuated and such actua 

tion, as will be hereinafter explained, results in 
a rotation of the casing 34 to automatically cause 
Enement of the ceils 2a and T2b with the strip 
: In other words, the follow-up motori ro 

stes the casing in one direction or the other so 
that the relative position of the casing 34 to the 
corapass 5 is maintained. 

For imparting rotation to the casing by 
reans of the follow-up motor 73, the motor shaft 
is provided with a drive pinion 80, which has a 
criving connection through a reduction gearing 
8, with a friction drive wheel 82. The wheel is 
mounted fi one side of the casing 34 and has 
One side extending outwardly through an Open 
ing 83 formed in said casing. The periphery of 
the drive wheel rides on the wall of the outer 
housing 7 of the unit T and has frictional es 
gagement therewith. Manifestly, when the loan 
tor 3 is actuated to rotate the wheel in One di 
rection or the cther, said wheel imparts a rota 
ton to the inner casing 34, such rotation being 

Therefore, re gardless of the position of the outer housing 7, 
the position of the inner casing 34 is maintained 
fixed with relation to the compass 50 and with 
relation to the point north. 
The tubular shank 37 at the upper end of the 

casing 34 extends through the Supporting parti 
tion 39, as has been explained, and has an insu 
lating collar or disk 84 secured thereon so as to 
be rotatable therewith (Figures 4 and 9). This 
disk has a contact 85 embedded in its lipper Sur 
face near the periphery thereof and this contact 
will be hereinafter referred to as the "north 
contact. The north contact is so located radially 
on the insulating disk that when the light re 

motor has a double winding 73a and 73b so that 
its shaft may be rotated in either direction. 
The electrical circuit, in which the twin photo 
tube and motor 3 are connected, includes a twin 
amplifying tube 75, a power transformer 76, and 55 
a trio of relays 77, 8 and 79, these elements 
being mounted within the casing 3 on suitable 
transverse supports which are disposed between 
the twin photo tube 72 and follow-up motor 3. 
The details of the electrical circuit of the motor 
73 will be hereinafter described in detail, but it 
is noted that, at this time, the photoelectric cell 
2a is arranged to close the circuit through the 

relay 7 to the winding 73a of the motor to ro 
tate the motor shaft in one direction, while the 
other photoelectric cell 22b is adapted to close 
the circuit to the other winding 73b of the notor 
through the relay 78. Thus, if the cell T2a is re 

ing more light, as reflected by the light re 
E. strip 57 of the compass, then the wind 
ing 73a is energized to rotate the shaft of the 
motor 73 in one direction; if the ce 2b is re 
ceiving more light, then the notor shaft is ro 
eted in an opposite direction. As is Sey 
shown in Figure 12, the light responsive cells 2a. 

rs 

- 

flecting strip 57 on the compass 50 is properly 
alined with the twin photo tube 72 and the CaS 
ing 3 is stationary, said north contact is alined 
vertically with the strip 57, whereby both the 
8trip and the contact 85 are at all times pointing 
north. If the unit T is rotated on its Supporting 
cable, the compass shell 54 will naturally rotate 
With relation to the casing 34 so as to maintain 
its reflecting strip 57 pointing north. Such 

65 

o 

75 

navement of the shell 54 results in misalinement 
of the strip 5 with the photoelectric cells 72 
and 2b, whereby one or the other of the cells 
Cp3rates one of the notor windings 73a or 73b to 
actuate the motor and impart sufficient rotation 
to the casing 34 to again aiine the celis with the . 
strip. Since the north contact 85 is secured to 
the casing, the contact is moved therewith to 
maintain it in vertical alinement with the strip. 
Thus, it is manifest that the compass unit and 
its associate parts serve to hold the contect 85 
pointing north at all times, regardless of the ro 
tat on or inclination of the outer housing of 
the unit T. This north contact establishes a 
basis from which readings can be taken and ca 
culations made to determine the direction and 
degree of inclination of the bore hole. 
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2,817,088 
te compass unit wiring diagrams 

the electrical circuit, in which tha twin photo 
tube 72 and the electric follow-up motor 3 are 
connected, is, of course, Subject to variation and 
one form of hook-up is illustrated in Figure 0. 
In this figure, alternating current is supplied to 
the motor windings to and 73b by a supply 
wire fé. The relay controls relay contacts 
7ta which, when closed, completes the circuit 
through a wire b and through the winding 73a, 
to a common ground G; similarly, the relay 8 
controls relay contacts 8a, which, when closed, 
completes a circuit through a wire 8b and 
through the winding 3b to the common ground 
G. Obviously, when the relay 77 is energized, 
the winding i3a is energized to operate the motor 
shaft in one direction, while energization of the 
relay 8 operates the motor in 8n opposite direc 
tion. The windings of the relays it and 8 are 
sippied with direct current by a supply wire 

through the plate circuit of the twin tube 
. 
The relay is connected by a wire fic with 

one plate of the twin amplifying tube 75, the 
grid of which is, in turn, electrically connected 
through a wire Sag with the photoelectric cell 
T2a. When sufficient light is striking the cell, 
the relay is energized to ciose the contacts a 
and energize the winding .3a. The relay 8 is 
similarly connected to the plate of the tube 75 
through a wire i8C and a wire lib connects the 
grid of the tube to the ceil 2b, whereby when 
sufficient light is directed onto this cell, the re 
lay 2 is energized to complete the circuit to the 
winding 3b of the motor 3. When the compass 
shell is in a normal position, the light rays re 
flected from the strip 5 are directed between 
the celis so that neither receives sufficient light 
to actuate its relay. However, when the com 
pass shell rotates relative to the cells, one cell 
receives more light and actuates its relay to ro 
tate the c8 sing 3 and re-aline the cells with 
the strip. In this manner, the casing 34 is main 
tained in the same position relative to the strip 
5 of the compass and the north contact 85, 
which is carried by the insulating disk 84 secured 
to the casing, is always maintained in a position 
pointing north. 

it might occur, in some instances, that the 
housing f and casing 34 will be rotated very 
rapidly, in which case the compass shell, in find 
ing north, will move the reflecting strip 5 com 
pletely from beneath both cells 2a and 2b, 
with the result that neither could operate its 
relay to re-aline said cells with the strip. For 
rotating the casing 36 to again aline the cells 
with the strip 5 in the event the above occurs, 
the emergency relay 9 is provided, As shown 
in Figure 10, the relay is connected by a wire 9a 
to the relays TT and 18 and is arranged to con 
trol relay contacts 9b. These contacts are 
adapted to complete the circuit to the winding 
73b of the motor 73. The relay 79 is so con 
rected in the circuit that when both cells 2s 
and 2b are receiving light, at which time their 
relays 77 and 78 are inoperative, the relay 79 is 
energized since it is, in fact, connected to both 
cells. Energization of the relay 9 holds its 
relay contacts'79b open and so long as either or 
both cells are receiving light, the circuit through 
these contacts is open. However, in the event 
no light strikes either cell, the relay 9 is de 
energized, allowing the contacts 8b to close the 
circuit to the motor winding 7b, whereby the 
motor shaft is rotated in one direction to impart 
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rotation to the casing. Such rotation continues 
until one of the cells 2a or 2b again receives 
the reflected light, at which time the cells actu 
ate their relays to again aiine the strips with 
the tube 2. As soon as the light again strikes 
one or both cells, the relay 9 is again energized 
to open the contacts Sb. Thus, the relay T9 is 
an auxiliary relay to assure alinement of the 
photo tube 2 with the reflecting area or strip 
57 in the event no light rays are striking either 
cel, 
The electric lamp 68, which provides the light 

rays which are directed onto the refecting sur 
face of the compass, is supplied with current 
from one of the Secondary windings of the trans 
former 76, being connected thereto by wires 68a. 
and 68b. The other secondary winding of said 
transformer has connection with the heater or 
fianent of the twin amplifying tube 75. The 
primary winding of said transformer is supplied 
with A. C. through a wire Coa, which leads from 
the main supply wire 0. 

The contact assembly 
The insulating collar 84 which is mounted on 

the tubular shank 37 at the upper end of the 
casing 3 forms a part of the contact assembly 
A. As has been explained, this collar has the 
contact 85 embedded in its top and said contact 
is maintained in a position pointing north by 
means of the compass unit C. A trio of contact 
rings 86, 8 and Se are secured to the periphery 
of the insulating collar 84 (Figure 9) and the 
former, 86, is connected with the common ground 
G, while.the latter two rings, 87 and 88, are con 
nected to the supply wires 00 and 0 which 
Supply current to the compass unit C. The rings 
are engaged by contact brushes 88a, 87a and 88a, 
respectively, which are mounted on a vertical 
post 89 which extends upwardly from the trans 
verse partition 39. Manifestly, the brushes and 
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rings provide a means whereby rurrent may be 
conducted through the rotatable member or co 
lar 84. 
Above the insulating collar 84, which carries 

the north contact 85, a rotatable disk 90 is 
mounted. This disk is constructed of electrica 
insulating material and is secured to the upper 
end of a rotatable shaft 9. The shaft extends 
downwardly through the tubular shan 37 of the 
casing, being rotatable on bearings therein, and 
the lower end of said shaft projects into the 
upper portion of the casing 34. This projecting 
lower end of the shaft has a drive gear 92 there 
on and said gear is in constant mesh with an 
other gear 93, the latter being secured on a 
shaft 9. Bevel gears or pinions 95 and 86 es 
tablish a driving connection with the shaft of 
an electric motor 97 which is supported on a 
transverse partition within the upper portion 
of a casing 4. Alternating currett is supplied 
to the winding 97a (Figure 10) of the motor st 
through a wire 100b which leads from the main 
supply line 00. The motor 97 is irranged to be 
actuated at a fixed or predetermined speed, 
whereby the tilisk 90 is rotated at a predeter 
mined speed, as for example, 5 R. P. M. 
A spring contact arm 98, having a contact 9 

at its outer end, is mounted on the underside of 
the disk and is arranged to ride on the upper 
surface of the insulating collar 84. The contact 
99 is disposed in the same concentric plane as 
the north contact 85, whereby the contacts en 
gage each other once during each revolution of 
the disk. The contact arm is electrically con 



6 
nected with a collector ring 03 which surrounds 
the periphery of the disk, Above the ring 03, 
two additional rings. O4 and 5 are secured to 
Said dish and the three rings are engaged by 
spring brushes a, foa and . 5a, which 
brushes are carried by the vertical post 89. The 
brush (O3a is connected to the oscillator Of of 
the transmitting apparatus, while the brushes 
tea and Sai are connected to the oscillators 
O2 and O3 of said apparatus, as Will be more 
fully explained. Since the brush C3a, which en 

O 

gages the ring 3, has electrical connection with . . 
the oscillator Of, the engagement of the contact 
99 on the arm 98 with the north contact 85 closes 
an electrical circuit to the oscillator Of, where 
by said oscillator is actuated to set up and trans 
mit an electrical impulse to the surface, as will 
be described. Therefore, each tine the contact 
99 engages the north contact 85, which is once 
diring each revolution of the disk, the electrical 
circuit to the oscillator O is closed and an elec 
trical impulse is transmitted to the surface. 

5 

The collector rings f4 and 5 are electrically 
connected to a pair of contacts fos and O7, re 
spectively, and these latter contacts are mount 
ed on the upper surface of the disk 9). The 
contacts fos and is are located adjacent each 
other and are a lined vertically with the contact 
99 on the underside of the disk; manifestly, since 
these contacts are mounted on the disk, they 30 
rotate simultaneously therewith. The contact 
06 is arranged to engage a contact plunger 6a, 

which is supported by a flat spring, while the 
contact foll is adapted to engage a similar con 
tact element fea, said elements overlying the 
disk 90. It is preferable that the contacts 06 
and 0 have their upper surfaces slightly above 
the top of the disk, whereby the contacts OSE 
and a may be engaged thereby, without said 
contacts (6a and fia riding on the top of said 
ring. This arrangement reduces friction and ob 
viates the danger of the disk causing movement 
of the contacts (6a and fea to produce an in 
accurate reading. Wien the contacts is and 
06a, engage each other, an electrical circuit to 

the Osciliator O3 of the transmitting apparatus 
is closed, Whereby an electrical impulse is gen 
erated and transmitted to the surface. Such ini 
pulse is representative of the direction of inclina 
tion of the bore 0, as will be expiated. En 
gagement of the contacts O and flag closes an 
electrical circuit to the oscillator O2, whereby 
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round the sleeve and, manifesty, by means of 
said sleeve and the pivot pin, the weight is ro 
tatable within the housing. Due to the fact that 
the weight f8 is off-center of its pivot points, 
it is obvious that when the housing f is in 
clined, the weight will find the low side. Such 
in Owenent of the weight will in part a rotation 
to the sleeve f, the rotation being in accord 
ance with the anaount of movement of the 
weight. 
The lower end of the sleeve 4 has a radially 

extending arm f 7 secured thereto and the con 
tact f6a is mounted in the outer end of said 
arm. When the housing is in a vertical posi 
tion, the arm and contact 6a are alined 
vertically with the north contact 85 in the co 
lar 8. In such position, the contact f8 on the 
disk would engage the contact GGa simultane 
ously with the engagement of the contact 9S with 
the north contact 85. This would result in a si 
Intutaneous actuation of the oscillators Of and 
O3 and such actuation would indicate true verti 
cai, as will be explained. However, if the outer 
housing were inclined, then the weight 08, 
in moving to the low side, rotates the arm 
and misalines the contact GBa relative to the 
north contact 85. The number of degrees of this 
raisalinenent is representative of the number of 
degrees from north that the bore inclines, there 
by indicating the direction of inclination. 
For indicating the degree or angle of inclina 

tion, a second weight member 8 is provided 
This member includes a pair of arcuate weights 
which are secured together by a shaft 9. The 
ends of the sheft are journaled in the arms to 

1 of the first weight (Figure 9), and the weight 
fe8 is recessed at 8 to permit the arcuate 
weights to move therethrough. Obviously, the 
weights 8 form a pendulum and remain in a 
vertical position, regardless of the inclination 
of the housing . An adjustable stop 20 may 
be provided for limiting the swing of the reights 
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an electrical impulse is transmitted to the Sur 
face and this impulse is representative of the 
angle or degree of inclination. 

The weight assembly 
For controlling the position of the contacts 
Sa and fold, so as to indicate the irection and 

degree of inclination, the Weight assembly W is 
provided and is mounted within the housing it 
above the contact asserably. This assembly in-. 
cludes a weight member 08 which has a pair 
of upwardly extending arms 09 preferably made 
integral therewith. Tne upper end of the arms 
are connected by a crossbar to (Figures 9 and 
14) which has a central upstanding pivot pin 

. The pin is mounted in suitable bearings 
2 which are disposed within a transverse Sup 

porting partition f3. As is clearly shown in 
Figure 9, the weight is off-center with relation to 
the interior of the housing and has a defending 
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leeve 4 which extends through a 
Ever. ec S. Suitable bearings 6 sur- 75 as to the recorder R at the surface. 

". 

8. 
When the pendulous weights swing they in 

part a rotation to the shaft 9 to which they 
are secured. This shaft has a bevel gear 2 
thereon and said gear is in constant mesh with 
a bevel pinion f22, the latter being secured to 
the upper end of a shaft 23. The shaft 23 
extends through a vertical bore f24 formed in 
the weight 08 and also through the sleeve f4, 
the lower end of said shaft projecting from the 
lower end of the sleeve. The projecting end of 
the shaft has an arch 25 secured thereto and 
the outer end of this arm has the contact a 
mounted therein. When the housing T is in a 
vertical position, the pendulous weights 8 are 
centered in the housing and, in such position, 
the contact fla , is ained vertically with the 
north contact 85 and is also ained With the 
contact 6a. However, when the housing is 
inclined, the pendulous weights 8 swing with 
relation to the weight 08 and through the 
medium of the gears 2 and 22 and the shaft 
23, the arm 25 and contact ?olo are swung 
Out of allinement with the arm and contact 

6a. The amount of such misalinement is rep 
resentative of the degree of inclination from the 
vertical of the housing and of the bore to, 
in which the housing is located. As explained, 
the contact Ola is adapted to be engaged by 
the contact 0 to close an electrical circuit to 
the oscillator 02 of the transmitting apparatus 
to generate and transmit an electrical impulse 
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The transmitting unit 

As has been explained, the transmitting ap- - 
paratus includes a trio of oscillators of, 2 and 
3. Each oscillator, as is clearly shown in the 
wiring diagram in Figure 10, includes a triode . 
tube 28, oscillation coupler f2 and condenser 
28. The electrical hook-up of each oscillator is 
we known in the electrica art and it is not be 
iieved necessary to give a detailed description 
thereof. The oscillator is connected by a wire 
f CSE with the contact brush 03a, which is in 
engagement with the collector ring 03 on the 
rotating disk 96. The oscillator 2 is connected 
by a wire 4b with the brush 64a, which 
brush is in engagement with the collector ring 
fe of said disk, while the third oscillator (3S 
is connected through a wire 65b with the brush 
fog engaging the collector ring 5 of said 
disk. The current is supplied to the transmitting 
unit through the wire 6 which extends down 
wardly through the fiexible cable or line f. A 
fiiter reactor f$ is connected in the wire a 
prior to the connection of said wire to a power 
transformer 30. A direct lead wire 200 connects 
the line 4 with the brush 8a, which brush 
engages the collector ring 87 on the insulating 
collar 84. As has been explained, the ring 8 
is connected with the supply wire GO and, thus, 
it will be seen that alternating current fowing 
downwardly from the wire 4 will pass down 
wardly through the wire 260, then through the 
ring 8 and finally to the wire (0. 
The primary winding of the transformer 30 

is supplied with the alternating current from 
the wire 4. The low voltage Secondary winding 
of the transformer 39 Supples the heater cur 
rent to a rectifying tube 3 and also to the 
triode tubes f28 of the oscillators. The high 
voltage secondary output is rectified by the rect 
fier tube and is changed to direct current. This 
direct current is filtered by a filter condenser 
f32 and is then conducted by means of a wire 
20 to the contact brush 88a. This brush is in 
constant engagement with the contact ring 8 
of the insulating collar 84. The ring 88 is ti 
rectly connected with the direct current Supply 
wire G and, thus, it will be seen that a flow 
of direct current is conducted to the CompaSS 
unit C. The direct current is fed to the oscilla 
tors of to 03 by means of wires 202, 203 and 26, 
which wires have connection with the main 
supply wire 20. 

When the cathode circuit to any one of the 
oscillators is closed through the action of the 
contact assembly, as has been explained, that 
oscillator generates a carrier frequency or an 
electrical impulse, which impulse is transmitted 
over a wire i4a, which is connected to the wire 
4 in advance of the filter reactor 29. This 

electrical impulse is carried to the surface by 
the wire 4 and is then conducted to the record 
ing unit R, as will be hereinafter explained. 
From the foregoing, it will be obvious that, as 
the contact assembly operates, the oscillators are 
operated to transmit electrical impulses to the 
surface. It is pointed out that each oscillator 
transmits an electrical impulse of a different fre 
quency, that is, the oscillator of may generate 
a carrier frequency of 350 cycles, while the oscil 
lator O2 may generate a frequency of 450 cycles, 
while the oscillator 03 may generate a frequency 
of 600 cycles. Thus, it will be possible to trans 
mit the impulses simultaneously over the Sane 
wire. It is pointed out that the figures 
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herein with respect to the cycles are illustrative 
only and the invention is not to be limited to 
the same, as the frequency of the impulses gen 
erated by the Oscillators is subject to variation. 

The indicating and recording trait 
Any suitable type of indicating and recording 

unit R may be employed and one type which has 
been found suitable has been illustrated; how 
ever, the invention is not to be limited to the 
type shown. The indicating and recording unit 
R, which is illustrated in Figure includes the 
novable tape 35, which is mounted on suitable 
rollers 36. The tape is preferabl; formed with 
perforations fat along its edges, vihich perfora 
tions are adapted to be engaged by radially ex 
tending pins S8 formed on the rollers. One of 
the rollers 38 has its shaft; exter ded and pro 
vided with a drive gear 39, which meshes with 
a pinion. 49. The pinion is secured to the outer 
end of the shaft of an electric motor f4, whereby 
the tape 35 msy be driven at a constant speed. 
A trio of Styluses f42, 43 and f44 are arranged 

to ride on the tape f35 and, as said tape moves 
beneath said styluses, the latter form or imprint 
a trio of longitudinal, parallel lines on said tape. 
Each stylus is pivotally mounted on a pin 45 
which is secured to a suitable support f86. 
The stylus 52 imprints or forms the parallel 

line fig2' on the tape and the outer end of said 
stylus is adjacent an electromagnetic relay 47. 
When the relay & is energized, a lateral move 
ment is in parted to the inner or marking end of . 
the stylus f42, whereby an offset 42a is formed 
in the line (42. The relay f4 is connected in an 
electrical circuit which includes an amplifier 48 
and a suitable filter 49, as well as a transformer 
50. The transformer is connected by a wire 5 

with the wire f4, whereby an electrical impulse 
transmitted upwardly along the wire f4 will pass 
over the wire f5 and to the relay 47 to energize 
the Sane. 

It is pointed out that the filter 49 is so con 
structed as to receive impulses of the frequency 
generated by the oscillator O and, therefore, 
each time that the oscillator O is operated, the 
electrical impulse generated thereby is trans. 
mitted to the surface and energizes the relay 47 
to Swing the stylus 42 and form one of the off 
sets f62a in the line f42'. The line (42', as will 
be hereinafter explained, represents the azimuth 
or north point. 
The stylus f43 forms or imprints a line 43' 

which is located centrally on the tape 35. The 
Outer end of the stylus f43 is adjacent a relay 
47a, which is similar to the relay 47 in the cir. 

cuit of the stylus 42. The circuit for the stylus 
43 is substantially the same as that hereinbefore 
described for the stylus f42, and includes the am 
plifier f4.8a, filter f43a and transformer 56. 
The transformer is connected to the wire 5 by a 
wire 5ta. The filter f49a for the stylus 43 is 
arranged to pass impulses of the frequency which 
are generated by the oscillator O3. As explained, 
the oscillator O3 transmits impulses which repre 
sent the direction of the drift or inclination of 
the bore hole and each time this oscillator is 
oparated the relay 4a is energized to swing the 
inner or marking end of the stylus 43, whereby 
an offset 43G is formed in the line 43. 
The stylus f4 forms a line f44 on the tape and 

has its outer end adjacent a relay 47b. when 
the relay is energized, the inner or marking end 
of the stylus is moved laterally to form an Offset 

given as 4a in the line 44'. The circuit in which 
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to the low side and such swinging of the weight relay b is mounted includes an amplifier fib, 

a filter 4S5 and a transformer 50b. A lead 
wire 5b connects the transformer to the wire 
5f, whereby the impulses travelling upwardly 
over the wires f and 5 will pass to said trans 
former. The filter 49b which is connected in 
the circuit controlling the relay 47 b is Construct 
ed so as to receive the impulses of a frequency 
which are generated by the oscillator O2. This 
oscillator, as has been explained, transmits in 
pulses representative of the angle or degree of 
inclination and each time said oscillator S actu-. 
ated, the relay 4b is energized. Such energiza 
tion of the relay swings the stylus 44 So as to 
form one of the offsets f$4a in the line 44. 
From the above, it will be seen that the first 

stylus 42 is controlled in its operation by the 
oscillator O and the line 4.2' which is formed by 
this stylus is representative of the azimuth or 
north point. The second stylus 43 is controlled 
in its operation by the oscillator O3 and the line 
43' formed by this stylus is representative of the 

direction of the inclination of the bore hole. The 
third stylus 44 is controlled in its operation by 
the oscillator O2 and the line f44' formed by 
the stylus 44 is representative of the angle or 
degree of inclination. 

The operation 
In the operation of the apparatus, the unit T is 

assembled as shown in Figures 1 and 2 and is 
lowered to successive positions within the bore 
by means of the cable f. The recording unit R. 
is located at the surface of the well, being elec 
trically connected through the wire 5 with the 
main lead or conductor 4. The electrical power 
necessary for operating the various parts is con 
ducted through wires 52 and 52a, which lead 
from a suitable source of Supply. An insulating 
transformer and voltage control 53 is connected 
to the power lines S2 and 52a and is also con 
nected to the line f4. A suitable animeter 64 
may be connected in the wire. 4 in advance of the 
transformer. A filter reactor 55 is also con 
nected in the wire f4 to prevent the electrical 
impulses, which are travelling upwardly along 
the wire, from passing to the transformer. Also 
condensers 56 are connected in the wires 5, 
5a and 5b to prevent the current flowing 
downwardly to the compaSS unit through the 
wire 4 from passing to the indicating and record 
ing unit R. 
Assuming that the device is lowered to the 

position shown in Figurel and a reading is to be 
taken at this position, it will be seen that the bore 
is inclined, whereby the transmitting unit T is 
also inclined in accordance with said bore. In 
such position, the outer housing of the unit T 
is inclined. At this time, no current is flowing 
downwardly through the unit T, and the device is 
permitted to remain for a brief period to permit 
the magnetic compass 50 to adjust itself and aline 
the reflecting strip 57 on the compass shell 54 
in a direction pointing north. After the Con 
pass 50 has adjusted itself, the reflecting strip 
57 may or may not be a lined with the twin photo 
tube 72. depending on whether or not the casing 
34 has been rotated during the lowering opera 
tion. 
At the same time that the compass 50 is adjust 

ing itself, the weight assembly W automatically 
operates to swing the contacts fosa and Ola 
into their positions in accordance with the in 
clination of the housing T. The weight 00, 
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98 rotates the arm f which carries the contact 
G6a, thereby resulting in an adjustment or move 
ment of the contact relative to the rotating disk 
90. At the same time, the pendulous weights 

3, which control the position of the contact 
Oa, are Swung, whereby the contact Ola is ad 

justed or moved with relation to the contact fosa 
and also with relation to the disk 90. After suff 
cient time has elapsed for the weights and con 
pass to adjust themselves, the device is in readi 
neSS for the reading to be taken. O 

In taking the reading, a manual switch at the 
Surface is closed so that electrical current flows 
from the power lines f52 and 52a and down 
wardly through the wire or conductor 4. This 
electrical current is alternating current and flows 
through the wire 20, then through the contact 
ring 8 of the insulating collar 84 (Figure 10) 
and then to the wire fee, and finally to the timing 
notor 97, follow-up motor 73 and power trans 
former 6, as has been explained. The current 
is rectified by the tube f3 f and is conducted 
through the wire 2G f, through the collector ring 
88 of the collar 84 and then through the wire of 
which leads to the relays 7, 8, 79 and to the 
tube 75. The rectified current is also conducted 
to the oscillator units Of, O2 and O3 through 
the Wire 202, as has been explained. The leads 
to the common ground G connect with the thir 
Contact ring 86. 
As soon as the switch at the surface is closed 

and the current is conducted downwardly to the 
compaSS unit C, the electric lamp 68 is illumi 
nated and the light rays therefrom are projected 
downwardly through the lenses 65 and 66 and 
then through the prism 63 onto the reflecting 
surface 5 of the compass shell 54. These light 
rays are reflected from the surface or strip. 57 
upwardly through a prism 63a and onto the pho 
toelectric cells 72a and 72b. If the photo tube 
2 is in proper alinement with the reflecting sur 

face 5, then these reflected light rays will par 
tially strike each tube, with the result that the 
follow-up motor 73 will not be operated. How 
ever, if the casing 34 is misalined so that more 
light strikes one or the other of the photoelectric 
cells, then that cell is actuated to energize one 
winding of the motor 13. Such energization of 
the notor winding, as has been explained, ro 
tates the Casing 3 until it is properly alined with 
the reflecting strip 57. When the photo tube 72 
is alined with such reflecting strip, which indi 
cates the north point, then the contact 85 on 
the insulating collar 84 is also alined with said 
reflecting strip, whereby said contact is also 
pointing north. The provision of the photo tube 
2, together with the projection and reflection 

of the light rays, provides a positive means to 
assure that the contact 85 is maintained in a di 
rection pointing north. 
When the electrical current was conducted 

downwardly to the unit T, the timing motor 97 
was operated to start rotation of the rotating 
disk 90. As explained, this motor operates at 
a fixed speed whereby the disk rotates a pre 
deternlined number of revolutions over a given 
period. As the disk 90 is rotated, the contact 
99 on its underside engages the contact as on 
the insulating collar one time during each rev 
olution of the disk. As the contact 99 moves 
into engagement with the contact 85, the elec 
trical circuit is closed to the oscillator of, where 
by said oscillator is actuated to generate an elec 

which controls the contact 06, Swings on its pivot 76 trical impulse of a predetermined frequency. 
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This impulse is transmitted upwardly over the 
wire fi and then over the wire f 5 to the relay 

of the recording unit R. When the relay 
6 is energized, the stylus 42 is swung to pro 

vide or form an offset 42a in the line 42 formed 
by said stylus. Since the contact 83 is pointing 
north and also since said contact is engaged by 
the contact 89 one time upon each revolution of 
the disk 9, it will be manifest that each offset 

2a in the line 42' is representative of the 
position or direction north. The distance be 
tween the two offsets 82a in the line 42' is 360 
degrees, since the disk 80 revolves one complete 
revolution after the contacts $9 and 85 are en 
gaged. Since each offset f$2a represents the 
direction north, it will be seen that halfway be 
tween said offsets represents South, and from 
these representations any given direction along 
the line (2' may be determined. 
As the disk G revolves, it also causes the en 

gagement of the contact 06 with the contact 
sa, and such engagement of these contacts 
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closes an electrical circuit to the oscillator 03, 
whereby that oscillator generates and transmits 
an electrical impulse to the Surface, Such in 
pulse energizes the relay i4d so as to actuate 
the stylus f43, whereby offsets f43a are formed 
in the line f43. These offsets will be spaced 
apart 360 degrees and are representative of the 
direction of the inclination of the bore 0. That 
these offsets represent the direction will be read 
ily seen for, as explained, when the contact f6a 
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is allined with the fixed north contact 85, the 
housing fT is in a vertical position. Whenever 
the housing is inclined, it follows that the 
contact 6a is swung or moved circumferentially 
with relation to the disk 90 because of the Weight 
68, which always finds the low side. The 

amount of inclination of the housing will, of 
course, control how many degrees the contact 
fosa is noved relative to the fixed north con 
tact 85. Therefore, when the position of the 
contact 6a is changed with relation to the fixed 
contact 85, the contact 06a will be engaged by 
its contact 66 either before or after the Contact 
99 engages the north contact 85. The difference 
in the time of engagement of the contact 6a 
with relation to the engagement of the contact 
85 will be indicated by the offsets f43a and f42a. 
As shown in Figure 11, the stylus 42 was actu 
ated upon the engagement of the contacts 99 and 
85. Due to the inclination of the housing , 
the contact G6 did not engage its contact 06a 
until several degrees later and this number of 
degrees can readily be determined by compar 
ing the offsets 43a in the line 43' with the off 
sets f62a in the line f42. As illustrated, the 
offset 43a is substantially northeast bacause it 
lies between the point north and the point east 
on the tape. Thus, the offset 43a immediately 
indicates the direction in which the bore hole O 
is inclined. 
As the disk 90 rotates, it also brings about the 

engagement of the contact 0 with the contact 
Oct. The latter contact is controlled by the 

pendulous weights 8 and has been explained 
hereinbefore. The degree or angle of inclina 
tion of the bore O and the housing fl is repre 
sented by the position of the weights which 
always hang vertically from their shaft 9. 
When the housing is in a true vertical position, 
the contact Gia is alined vertically with the 
contact 06a and lies in the same vertical plane. 
However, upon the inclination of the housing, 
the weights f is swing so as to rotate the arm 
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25 which carries the contact ela, thereby vary 

ing the radial position of said arm and contact 
With relation to the contact fosa, as is clearly 
shown in Figure 7. The number of degrees or 
the amount of this misalinement is of course con 
trolled by the amount of inclination of the bore 
hole and, as illustrated, the contact Gea is en 
gaged by its contact 08 in advance of the con 
tact engaging the contact Oa. 
As soon as the contact f.7a is engaged by its 

contact fel, an electrical circuit to the third os 
cillator 62 is closed, whereby an electrical im 
puise is transmitted to the surface. This im 
pulse actuates the relay 4ib, whereby the stylus 
fé is swung to form the offset 4a in the line 
8. By comparing the point at which the offset 
a ovcurs with the offset f 63a in the line 4, 

it is possible to determine the number of degrees 
difference between the contacts G6a and 0. 
This difference in degrees is representative of the 
number of degrees that the housing is off true 
vertical and, thus, it is readily determined at 
what degree or angle the bore hole to inclines. 

Successive readings may be taken throughout 
the entire length of the bore hole iO, whereby an 
accurate survey of the same is had. The device is 
accurate and positive in its operation and may be 
quickly lowered and raised through the bore on 
the flexible line. It is pointed out that the pro 
vision of the tape 35 provides a means whereby 
the indications may be quickly interpreted and 
also whereby a permanent record is had. The 
first line 42' establishes a basis from which the 
other readings may be taken. That is, the line 
42" provides a means whereby the north point 
may be definitely determined. The second line 
43' is indicative of the direction in which the 
bore hole O inclines and, by comparing the offset 
3a in this line with the offsets f42a in the line 

f$2', the exact direction of the bore hole inclina 
tion is had. The third line 44' provides a means 
for indicating the degree or angle of the inclina 
tion and, by comparing the position of the offsets 
fia with the offsets f43c, such inclination, in the 
exact number of degrees, may be determined 
The device is compact in construction and is 
mounted withir the outer shell f 5 which is sealed 
against fluids, whereby any fluids which may be 
present in the bore f will not interfere with the 
Operation, 
The arrangement herein described permits the 

Operating current to be conducted to the unit T. 
over the wire 4 and also allows the impulses 
generated by the oscillators to be transmitted over 
the same single wire. In some cases, it may be 
more desirable to eliminate oscillators and vari 
ous filters, in which instance separate conductors, 
or wires, are employed (Figure 26) to connect the 
contact assembly C directly with the recording 
unit. With this arrangement, the engagement of 
contact 99 with the azimuth or "north' contact 
85, results in closing the circuit to the relay 47, 
whereby the stylus 42 is actuated. Similarly, 
the engagement of contact 06a with the contact 
06 closes the circuit to relay f47a of the stylus 

f43 and engagement of the contacts 07 and Ola 
closes the circuit to the relay 47 b of the stylus 

. . The same measurements and readings would 
be accomplished without the oscillators and 
filters. However, a multiple wire cable is sub 
stituted for the single wire or conductor 4 but 
the results obtained are the same. 

Te modified form 
In Figures 16 to 25, a slightly modified form of 



O 
the invention is shown. This form of the in 
vention is substantially the same as the first form, 
with the exception that another type of compass 
is illustrated in place of the compass 50 and also 
the weight assenby W is oniitted, the direction 
and degree of inclination being indicated by other 
means. In this form, only two oscillators, instead 
of three, are employed. 

In place of the compass 50, a compass 60 is 
substituted therefor and is mounted in the lower 
portion of the casing 34, as is clearly shown in 
Figure 18. This compass includes an outer casing 
6i which has the tapered supporting pin 2 Se 

cured axially thereof. A circular compass card 
or disk f S3 is mounted on the pin 62 and is pro 
vided with an elongate, radial slot f66 (Figure 21) 
therein. The slot 64 is arranged so as to point 
north at all times. The slot is disposed beneath 
an opening 65 formed in the top of the housing 
or casing f and this opening is located beneath 
the lens-carrying sleeve 6, whereby light rays 
may be projected downwardly through the open 
ing and through the slot 64. The lower end of 
the casing fit is provided with an opening f66 
whereby the light rays passing through the slot : 
64 may be projected downwardly onto the twin 
photo tube 2. Instead of being mounted above 
the compass and adjacent the lens-carrying 
sleeve 6, as in the first form, the twin photo tube 
T2 is located below the compass and is arranged 
to receive the direct light rays rather than re 
flected light rays as in the first form. Manifestly, 
When the light rays are passing through the Open 
ings 65 and 66, as well as through the slot 6, 
an equal amount of light is striking the photo- : 
electric cells 2a and 2b. However, if the Casing 
34 becomes misalined with the slot 64 in the 
compass card 63, then one or the other of the 
photoelectric cells receive more light to actuate 
one or the other of the motor windings of the 
motor 73. The operation of the motor 73, as has 
been explained, results in an adjustment of the 
casing 34, whereby the contact 85, which is mount 
ed in the upper end of the insulating collar 8 
carried by said casing, is maintained in a direct 
tion pointing north at all times. The results ob 
tained by this construction are exactly the sane 
as that of the first form, the main difference 
being that direct light rays, rather than reflected 
light rays, are utilized to actuate the photoelectric 
cells 72a and T2b. In both instances, the contact 
85 is held in a position pointing north at all times. 
As has been pointed out, the weight assembly 

W, together with its associated parts, as shown in 
the first form, has been omitted and, in place 
thereof, a plumb bob assembly P substituted there 
for. This latter assembly includes a rotating 
disk O, which is somewhat similar to the disk 
90 and which is mounted on the upper end of the 
shaft 9 which is controlled in its rotation by the 
timing motor 97. The disk TO has a collector 
ring f O3e secured thereon, which ring is en 
gaged by a brush 403d mounted on the post 89. 
The brush 03d is similar to the brush t3a illus 
trated in the first form and is connected to the 
oscillator Of, which generates and transmits an 
electrical impulse to the surface to indicate the 
azimuth or north point. The contact ring 03c 
is electrically connected with a contact S3', which 
is similar to the contact 99 in the first form 
(Figure 22). Manifestly, as the disk to rotates, 
the contact 99 engages the contact 85 to close an 
electrical circuit to the oscillator Of. This oscil 
lator generates and transmits an electrical in 
pulse upwardly to the surface and energizes the 
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relay 47 of the stylus f42, as has been explained. 
Thus, it will be seen that as the disk fle rotates 
and causes the engagement of the contacts 
and the fixed north contact 85, the stylus 42 is 
actuated to form the offset 2a in the line f2. 
This operation is exactly the same as has been 
described in the first form. 
For indicating the direction and degree of 

inclination, the upper portion of the disk to is 
formed with an upwardly extending collar f. 
This collar is preferably made of insulating mate 
rial and is integral with the disk. Disposed 
within the coliar and resting on the upper stra 
face of the disk is a metallic plate 72 which has 
its upper surface suitably coated with a light 
responsive material 3, whereby the plate 72, 
in effect, forms a selenium or photoelectric cell. 
The plate 2 has its underside electrically con 
nected through a contact bar 4 with a contact 
ring f5, which surrounds the disk f above the 
contact ring 3c. A similar contact ring 76 is . 
disposed above the ring 5 and has connection 
through a bar fif with the upper surface or with 
the coating material f3. The selenium cell acts 
as a resistance in the circuit and the amount of 
light Striking the same varies its resistance. 
When light rays are projected onto the plate 2, 
the resistance of the cell is changed. 

. The collector rings 75 and 6 are engaged by 
spring brushes 5a and 76a, which brushes are 
electrically connected through wires 75b and 
6b with an operating relay 77. A suitable 

amplifying tube 78 is connected in the relay 
circuit. When light is projected onto the sele 
nium cell formed by the plate 12, the change in 
resistance results in a change in the grid circuit 
of the tube 78, whereby the relay 77' is ener 
gized. When the relay is energized, the relay 
contact 8 closes the circuit through wires a 
and fi8b to the cathode circuit of an oscillator 
4, whereby said oscillator is energized to trans 
mit a carrier frequency to the surface and to the 
recording unit R', as will be hereinafter ex 
plained. So long as the relay f' is energized, 
the oscillator is maintained in operation and it 
is only when said relay is de-energized to open 
the switch 78' that the Oscillator 04 ceases to 
Operate. 

Overlying the plate f2 and disposed within the 
upstanding collar if f is an opaque plate 79. 
This plate is clearly shown in Figures 20 and 23 
and has an opening f8 formed therein. The 
Opening is of a predetermined shape and has one 
side 3 extending from the center of the plate to 
the outer portion thereof. From the outer end 
of this straight side, the opening is curved grad 
ually inward as shown by the numeral 82. Ad 
jacent the inner end of the straight side, the 
Opening is abruptly curved as indicated at 83. 
An annular mirror f7fa is inserted within the 
collar and covers the inner surface thereof. . 
For projecting light rays downwardly through 

the opening 80 onto the selenium cell formed 
by the plate 12, a plumb bob G4 is univer 
Sally mounted within a depending collar 85 
which is formed integral with a partition or 
Support 86 located within the housing 7. The 
plumb bob is clearly shown in Figure 22 and 
includes a conical or tapered sleeve 87 which is 
reduced toward its lower end. A lens 88 is 
mounted in the upper portion of the sleeve 87. 
while a projecting lens 89 is secured across the 
lower reduced end. nterposed between the 
lenses is a gate 95, whereby a pinpoint or very 
small beam of light is projected from the sleeve 
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The light rays are provided by an electric lamp 
E. which is suitably mounted in the partition 
83. 
When the housing fl is in a true vertical post 

tion, the plumb bob 8 is hanging vertically, as 
shown in Figure 17. At this time, the light rays 
which are projected downwardly through the 
sleeve 87 strike the center of the plate 72. 
These light rays serve to close the electrical 
circuit between the contact rings ff 5 and 76, 
whereby the relay 77' is energized to operate the 
oscillator (24. So long as the parts remain in 
this position and the light rays continue to strike 
the plate 72, the oscillator would continue to 
operate and to transmit its carrier frequency to 
the Surface. - 

it is preferable that the point north or the 
contact 85 be vertically alined with the straight 
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side f8 f of the opening 80. However, this is not : 
absolutely essential but it is necessary that the 
operator know the relative position of the contact 
85 with relation to the contact 99' which engages 
such north point. When the housing is tilted 
or inclined, it follows that the plumb bob. 8, 
which is universally mounted, will remain in a 
true vertical position, as is clearly shown in Fig 
ure 22. In such position, the light rays passing 
through the plumb bob will not be directed 
exactly on the center of the plate or disk 9, 
with the result that they may be projected onto 
the flat Surface of Said disk or plate and will not 
reach the selenium cells or plate f2 at all times. 
Manifesty, when the light rays are not striking 
the plate 72, the oscillator 04 is not actuated. 

In explaining the operation of the light rays as 
acting on the plate 72 through the opening 80, 
reference is made to Figure 23. In this figure, 
the position of the light rays projected from the 
plumb bob are indicated by the nuneral f, 
while the position of the contact 99' is illustrated 
by the dotted line. Assuming that the disk is 
rotating in a counterclockwise direction, it will 
be seen that the contact 99' will engage the north 
contact 85 prior to the time that the light rays 
are permitted to pass through the opening 80. 
As explained, the engagement of the contacts 99' 
and 85 will actuate the oscillator O and stylus 
f42 of the recording unit R. Such operation of 
the oscillator and the stylus will result in the 
formation of one of the offsets 42d. in the line 
f42'. During this time, the light rays are not 
striking the plate 72 and the oscillator 04 is 
inactive. As the disk continues to rotate, the 
straight side f8 of the opening approaches the 
light rays striking the top surface of said disk 
and, after the disk has travelled approximately 
90 degrees (as illustrated in Figure 23), the 
opening i 80 moves beneath the projected light 
rays. As soon as this occurs, the circuit is closed 
to the oscillator 04, whereby said Oscillator is 
operated. 
The oscillator 04 is arranged to energize a 
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relay 4ic which is similar to the relays 47 to . 
4 b hereinbefore described. Associated with 

the relay 4 Ic is a stylus 42c, which rides on the 
tape 35. This stylus is arranged to form a line 
47 on the tape and, when the stylus is actuated, 
an offset 47 d is formed in said line. 

Since the contact 99 engages the contact 85 
once during each revolution, the distance between 
the offsets 42a represent 360 degrees. 
explained, the disk or plate 79 rotates 90 degrees 
after the engagement of the contacts 99" and 85. 
before the light rays strike the plate 2, because 
it is this length of time before the opening 

ed 

Also, as 

65 

moves beneath the projected light rays. Thus, 
when the oscilstor G is operated, the stylus 
2c forms its offset 6d 90 degrees later on the 

tape 35. This indicates that the direction of 
inciination of the hole is 90 degrees from north, 
which in this instance would be substantially due 
east. 
As the disk continues to rotate, the opening 

f8 moves beneath the projecting light rays and 
the length of tine that the opening remains be 
neath these projected rays controls the length 
of time that the stylus 42c is held inwardly to 
ward the relay 47c. Therefore... the length of 
the offset 6d formed by said stylus indicates 
the number of degrees during which the opening 
has remained below the projecting light rays. In 
the position illustrated in Figure 23, the opening 
66 remains below the projecting light rays 
through approximately 130 degrees as indicated 
by the line 92. If the inclination of the hous 
ing was greater, the plumb bob would move out 
wardly or further from the center of the plate 
79. In such case, the opening would not remain 

below the projecting light rays as long, with the 
result that the line or offset 4d formed by the 
stylus 4.2c would not be as long on the tape 35. 
By determining the length of the line 47d in 
degrees, it is possible to determine the position 
of the plumb bob with relation to the plate 79 
and, therefore, it is possible to determine the 
degree of inclitiation of the housing f. The pro 
vision of the mirror if a makes it possible to 
reduce the diameter of the collar f7, while in 
creasing the effective area which receives the 
light rays. For example, when the plumb bob 
Swings to maximum inclination, the rays are di 
rected onto the mirror and are then reflected onto 
the Selenium cell. If the mirror were not pro 
vided, the light rays would miss the cell at maxi 
nun inclination of the plumb bob. It is pointed 
out that the invention is not to be limited to the 
particular shape of the opening fao, as illustrated, 
as, obviously, said opening may be varied in shape. 
From the foregoing, it will be obvious that the 

direction in which the bore ?o inclines is indicated 
by the relative positions of the offsets 42d and 
the beginning of the offset 4d. This difference 
in degrees indicates the direction in which the 
bore is inclining. The length of the offset d 
illustrates, in degrees, the length of time that 
the opening 80 has renained beneath the pro 
jecting light rays and this indicates the position. 
of the plumb bob with relation to the housing and 
the plate 9. In this Inanner, the angie or the 
degree of inclination of the bore hole is definitely 
and accurately indicated. This form of the in 
vention is particularly adapted for use in deter 
mining the inclination of a bore hole, where such 
inclination is relatively slight, that is, under 30 
degrees. Less structure is necessary than in the 
first form because only two oscillators and two 
styluses are employed instead of three as shown 
in the first form. In both forms, the direction 
of the inclination of the bore, as well as the angle 
or degree of such inclination, is accurately indi 
cated. Although a magnetic compass has been 
illustrated, a gyro-compass, or other type of com 
pass, may be employed. 
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The foregoing description of the invention is 
explanatory thereof and various changes in the 
size, shape and materials, as well as in the details 
of the illustrated construction, may be inade, 
within the scope of the appended claims, without 
departing from the spirit of the invention, 
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What I claim and desire to secure by Letters 

Patentis: - 
1. An apparatus for surveying a bore hole in 

cluding, means for generating electrical impulses 
of various frequencies, means for controlling the 
generation of certain of said impulses in response 
to directional positions for the purpose of Orien 
tation, means for transmitting said impulses to 
the surface along a wave of predetermined fre 
quency, means for further controlling the gen 
eration of the remaining impulses in response to 
inclinational conditions, means for transmitting 

0 

said remaining impulses to the surface along a 
wave of frequency different from the frequency 
wave of the first mentioned impulses and means 
at the surface for transposing Said impulses into 
visible indications. 

2. A well survey instrument including, a hous 
ing adapted to be lowered into the well, a nov 
able azimuth contact, a compass unit remote from 
the contact and associated with said contact to 
maintain the same in a predetermined position, 
means for indicating the position of Said contact 
at the surface, means within the housing re 
sponsive to variations from the vertical, and 
means at the surface for indicating the gosition 
of said last named means with relation to the 
azimuth contact, whereby the direction of inclina 
tion of the instrument may be determined. . . 

3. A well survey instrument including, a hous 
ing adapted to be lowered into the well, a mov 
able azimuth contact, a compass unit remote from 
the contact and associated with Said contact to 
maintain the same in a predetermined position, 
means for indicating the position of Said contact 
at the surface, means within the housing respon 
sive to variations from the vertical, neans at the 
surface for indicating the position of said last 
named means with relation to the azimuth con 
tact, whereby the directicn of inclination of the 
instrument may be determined, gravity operated 
means also responsive to variations from the ver 
tical, and means at the surface for indicating the 
position of said gravity operated means, whereby 
the degree of inclination of said instrument may 
be determined. 

4. A well survey instrument including, a hous 
ing adapted to be lowered into the well, an azi 
muth contact, a compass unit, an electric motor 
for moving the contact, light responsive means 
connected in the electrical circuit of the motor 
and associated with the compass unit, whereby 
the compass unit controls the notor to maintain 
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the contact in a predetermined position, means . 
for indicating the position of said contact at the 
surface, means within the housing responsive to 
variations from the vertical, and means at the 
surface for indicating the position of said last 
named means with relation to the azimuth Con 
tact, whereby the direction of inclination of the 
instrument may be determined. 

5. A well survey instrument including, a lot S 
ing adapted to be lowered into the well bore, an 
inner rotatable casing within said housing, an 
azimuth contact carried by the casing, an electric 
motor for inparting rotation to the casing, a 
twin photo tube mounted in the casing connected 
in the electrical motor circuit for controlling the 
operation of the motor, a compass unit, and 
means for projecting light onto the photo tube 
in accordance with the position of the compass, 
whereby the motor is actuated to rotate the cas 
ing and thereby maintain the azimuth contact 
in a predetermined position. 
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ing adapted to be lowered into the well bore, an 
inner rotatable casing within said housing, an 
azimuth contact carried by the casing, an electric 
motor for imparting rotation to the casing, a 
twin photo tube mounted in the casing connected 
in the electrical motor circuit for controlling the 
operation of the motor, a light source, a compass 
ulit for controlling the projection of light rays 
from the light source to the twin photo tube to 
control the position of the azimuth contact in 
accordance with the position of the compass unit, 
and means connected in the motor circuit for ac 
tuating said motor in the event no light rays 
are striking said tube, whereby said tube is 
brought back into the field of the projected light 
rayS. 

7. As a sub-combination in a well survey ap 
paratus, a contact assembly including, an azi 
muth contact which is maintained in a predeter 
mined position and direction, a rotating disk hav 
ing a contact adapted to engage the azimuth con 
tact once during each revolution to close an elec 
trical circuit to a suitable indicating instrument, 
additional electrical contacts responsive to the 
inclination of the apparatus overlying the disk, 
and contacts carried by the disk for engaging such 
additional contacts to close electrical circuits to 
said indicating instrument. 

8. As a sub-combination in a well survey in 
strument, a weight assembly including, a verti 
cally extending rotatable shaft, a weight rotat 
ably mounted on Sald shaft and adapted to always 
find the low side when the instrument is inclined 
from the vertical, an extension on said weight 
having a radial arm thereon, a contact carried 
by said arm, the position of said contact being 
controlled by the position of the weight and in 
accordance with the incination of the instru 
ment, a pendulous weight pivotally suspended 
within the instrument, means for connecting said 
weight with the rotatable shaft, and a second 
contact carried by the shaft and controlled in 
its position by the pendulous weight, the relative 
positions of the two contacts indicating the de 
gree of inclination of the instrument. 

9. As a sub-combination in a well survey ap 
paratus, a contact assembly including, an azi 
muth contact which is maintained in a predeter 
mined position and direction, a rotating disk hav 
ing a contact adapted to engage the azimuth con 
tact once during each revolution to close an elec 
trical circuit to a suitable indicating instrument, . 
light responsive means carried by the disk for 
effecting the operation of a suitable indicating 
apparatts, a light source, and gravity operated 
means for controlling the projection of light rays 
onto the light responsive means in accordance 
with the inclination of the apparatus. 

10. A well survey instrument including, a hous 
ing adapted to be towered into the well bore, an 
inner rotatable casing within said housing, an 
azimuth contact carried by the casing, an electric 
motor for imparting rotation to the casing, a twin 
photo tube mounted in the casing connected in 
the electrical motor circuit for controlling the 
operation of the motor, a light source mounted 
in the casing adjacent the twin photo tube, a 
Compass unit below the light source and photo 
tube and including a hemispherical compass card 
having a radia reflecting strip there.cn, said strip 
being located to receive light rays from the light 
Source and reflect them onto the twin photo tube 
to control the position of the azimuth contact 
in accordance with the position of the compass 

6. A well survey instrument including, a house is unit, and means connected in the motor circuit 
w w 

  



for actuating said motor in the event no light 
rays are striking said tube, whereby said tube 
is brought back into the field Jf the projected 
light rayS. 

11. A well survey apparatus including, an in 
strument adapted to be lowered into a bore hole, 
means to indicate inclination of the instrument 
from the vertical, a compass, means to indicate 
the compass position, electrical oscillators con 
trolled in their operation by the indicating nears, 
whereby electrical impulses representative of the 
position and inclination of the instrument are 
generated, each oscillator generating and tranS 
mitting electrical impulses along a wave of differ 
ent frequency than that of the impulses of the 
other oscillators, a single conductor cable con 
necting the surface receiving and transposing 
means with the electrical oscillators in the instru 
ment, and a filter arrangement connected in the 
conductor, whereby said conductor may be ut 
lized for conducting electrical power to the instru 
ment to operate said oscillators and also for trans-, 
mitting the electrical impulses of different fre 
quencies from said oscillators to the Surface re 
ceiving and transposing means. 

12. An apparatus for surveying a bore hole 
including, an instrument adapted to be lowered 
into the bore hole, said instrument comprising 
an orienting means, means associated with Said 
orienting means for generating and transmitting 
electrical impulses to the surface, certain of Said 
impulses being transmitted along a Wave of dif 
ferent frequency than that of the other impulses, 

2,317, 632 13. 
whereby as the element revolves the exposed por 
tion will receive light in accordance with the po 
sition of the inclinometer, and means associated 
with the light sensitive medium for generating 
an electrical impulse when said medium is re 
ceiving light projected by the inclinoneter. 

15. An apparatus for surveying a bore hole in 
cluding, an instrument adapted to be lowered 
into the bore hole, said instrument including a 
casing, rotatable contact arms mounted within 
the casing and movable to various circumferen 
tial positions therein, a compass unit associated 
with one of the contact arms for maintaining 
said arm in a predetermined azimuthal position, 
means responsive to inclination from the verti 
cal associated with the other contact arms to : 
move said arms into positions in accordance 
with the direction and degree of inclination of 
the casing, a single rotatable circuit closing ele 
ment adapted to engage the various contact arms, 
each such engagement closing an electrical cir 
cuit, and means within the casing actuated by 
the engagement of the element with the contact 
arms for transmitting electrical inpuses to the 
surface, said impulses being indicative of the 
circumferential positions of the contact arms 
and representative of the direction and degree of 
inclination of the bore hole. 

16. An apparatus as set forth in claim 15, with 
means at the Surface for receiving said electrical 
inpuises and transposing the same into visible 
indications. 

a single electrical conductor connecting the in . 
pulse generating and transmitting means in the : 
instrument with the surface receiving. and re 
cording means, and an electrical filter arrange 
ment connected in said conductor, whereby elec 
trical power may be supplied to the instrument 
by means of the conductor and also whereby said 
conductor may be utilized to carry the electrical 
impulses of different frequencies from the in 
strument to the surface receiving and transpoS 
ing meanS. 

13. A well survey instrument including, a 
housing adapted to be lowered into the Well, an 
azimuth contact rotatably mounted within the 
housing and movable circumferentially around 
the axis of said housing, operating means for ro 
tating said contact, a compass unit associated 
with said operating means for maintaining the 
contact in a predetermined azimuthal position, 
a rotating contact element adapted to engage the 

- contact once during each revolution to generate 
an electrical impulse representative of the posi 
tion of the azimuth contact, an inclinometer 
within said housing, an electrical circuit associ 
ated with said inclinometer and with the rotat 
ing contact element and normally open, and 
means controlled by the position of the incli 
nometer for closing said electrical circuit at Some 
point in each revolution of the element for gen 
erating an electrical impulse which is represent 
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ative of the position of inclination of the hous 
ing with respect to the vertical. 

14. A well survey instrument including, a hous 
ing, an azimuth contact which is maintained in 
a predetermined azimuthal position within the 
housing, a revolving contact element adapted to 
engage the azimuth contact once during each 
revolution thereof for generating an electrical 
impulse, a light sensitive medium carried by the 
revolving element and having a predetermined 
portion exposed, and an inclinometer above said 

0. 

17. An apparatus as set forth in claim 5, 
wherein the means responsive to inclination is 
gravity actuated and is directly connected with 
the contact arms with which it is associated so as 
to accurately control rotation of said contact 

S. 
18. An apparatus for Surveying a bore hole in 

cluding an instrument adapted to be lowered in 
to the bore hole, said instrument having a now 
able orienting element therein, compass means 
independent of and Connected with the element 
for controlling the movement and position of 
said element, an electrical circuit associated with 
said Orienting means, means for making and 
breaking said electrical circuit to generate elec 
trical impulses, means for transmitting said in 
pulses to the surface, and means at the surface 
for receiving and transposing said impulses into 
Visible indications. w 

19. A well Survey apparatus including, an in 
strument adapted to be lowered into a bore hole, 
movable electrical contacts to indicate inclina 
tion of the instrument from the vertical, a con 
pass, a movable electrical contact controlled by 
the compass to indicate the compass position, 
a rotating contact element for engaging said con 
tacts to close electrical circuits therethrough, and 
electrical oscillators controlled in their operation 
by the closing of such circuits, whereby electri 
cal impulses representative of the positions of 
the contacts are generated. 

20. A well survey apparatus as set forth in 
claim i9, with means for transmitting the in 
pulses to the surface, and means at the surface 
for receiving the impulses and transposing the 
same into visible indications. 

21. A well Survey instrument including, a hous 
ing adapted to be lowered in a well, a circum 
ferentially movable azimuth contact, a compass. 
unit independent of and connected with the con 
tact for maintaining the same in a predeter 
mined position, gravity operated means within 

medium for projecting light onto said element, 75 the housing responsive to variations from the ver 
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14. 
tical, circumferentially movable electrical con 
tacts controlled by the gravity operated means 
and nowable to predetermined circumferential 
positions in accordance with the position of said 
means, electrically operated devices arranged to 
be actuated when electrical circuits are closed 
through the nowable contacts to generate and 
transmic electrical impulses representative of the 

W. w 
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position of the contacts to the surface, and time . 
controlled means for periodically closing the cir-. 
cuits through said contacts. 

22. An instrument as set forth in claim 21, with 
an indicating and recording unit at the surface 
for receiving said impulses and transposing the 
same into correlated visible indications. 

ONDAS C. M.E.R. 


