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22 Claims.

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 particu]arly in
drilling to greater depths, it is not only desirable
and advantageous, but substantlally essential
that the drilling cperator be advised of the di-
rection and inclination from the vertical of the
bore hole, as the drilling proceeds. Such infor-
mation makes it possible to accurately drill the
hole in the desired manner, that is, in the proper
cdirection 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-
ushle 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, such impulse being in accordance with the

(]
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Application July 20, 1839, Serial No. 285,597
'(Cl. 33—205.5)

orienting and transmltting unit which 13 ar-
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 actusating an indicat-
ing unit at the surface to transpoese said impulses
into visible indications to visibly record the di-
rection and deviation of the bore.

A further object of the Invention is to provide
en improved apparatus, of the character de-
scribed, whereln a compass is associated with a
light responsive cell, the latter controlling the
position of a directfonal 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 ae-
cordance with the direction and deviation of the
well bore, safid impulses being received at the
surface and transposed into visible Indications
to indicate the trend of the bore; the method
involving a minimum length. of time, whereby
surveying of the bore is facilitated.

It is another object of this invention to pro-
vide an improved electrical well survey apparatus
for surveying a bore hole, whereby both the di-
rection of inclination and the degree or angle of
inclinetion from the vertical msy be readily de-
termined at various or successive points in the
hore hole to indicate the trend of sald bore; the
apparatus being unaffected by voltage fluctuation
and temperature changes and the measurements
or readings being taken being based solely on
time, whereby accuracy of the measurements is
assured.

An important objsct 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-
dlcated and recorded at the surface of said
" bore, whereby a permanent record of the trend
of the bore is made as the well is surveyed.
Another object of the invention 13 to provide
an improved well survey apparatus including an

’
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may be taken.

A particular object of the invention is to pro<
vide an improved well survey sapparatus 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 spparatus also in-
cluding a pair of movable electrical contacts
which are controlied by weight elements and
which indicate the direction and angle of in-
clination of the well bore, respeciively, 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 obiect of the invention is to pro-
vide an improved compass unit which will ac-
curately maintain a fixed point in a predeter-
mined direction, whereby such point provides a
basis from which indications and readings may
be obtained,

A still further object of the invention s to .

provide an electrically operated survey appa-
ratus which is arranged so that the electrical

power for operating the apparatus, as well ag -
the generated indicating Impulses, may be.

transmitted over the same conductor, whereby
lowering of the device through the well bore is
facilitated.

Another important object of the invention is
to provide an Improved indicating and recording
unit wherein the indications are recorded on s
tape, cr other element, which permits a continu-

ous, as well as & permanent, record to be made, -
A construction designed %o carry out the in-

.
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vention will be hereinafter described, tqeether,

with other features of the invention.

The invention will be more readily understood
from s reading of the following specification and
by reference to the accompanying drawings, in
which an example of the inventlon is shown, and
whereiny

Fgure 1 i{s & transverse, vertical, sectional view
of a well bore, showing the ¢ransmitting unit of
the spparatus lowered therein,

Figure 2 is a transverse, vertical, sectional view

10.

of the outer housing end illustrating the umit -

mounted within said housing, ,

Figure 3 is en enlarged transverse, veriical,
sectional view of the upper portion of the trans-
"mitting unit,

- Figure 4 is a similar view of the intermediate
portion of said unit,

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

Figure 6 is & horizontal, cross-sectional view
taken on the line §—8 of Figure 4,

Figure 7 is & horizontal, cross-sectivnal view
taken on the iine T--1 of Figure 4,

Figure 8 is & horizontal, cross-sectional view
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 assembly, the same being illustrat-
ed in &n 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 takeia on the line 2—i{2 of Fig-
ure 5,

Pigure 13 is a horizontal, cross-sectional view
taken on the line 13—I3 of Figure 12, and illus-
trating the position of the photoelectric cells in

dotted lines,
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sald 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 gaid bore.

In carrying out the invention, an orlenting and
transmifting unit T is adapted to be lowered
throu'gh the well bore (6 on a fexible line or ca-
ble 11.
the well bore and passes over a pulley {2, after
which the csble is wound around a drum 13
located at the surface, whereby lowering and
raising of the unit T is facilitated. A lead wire
or conductor {4 extends upwardly from the unit

T through {he-cable and has connection with a '

suitable indicating and recording unit R which
is mounted af the surfsce of the well. The wire
or conducior {4 is utilized to conduct the elec-
trical current, which is necessary for operciion
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, gs will be hereinafter explained.

The orienting and transmitting unit T includes
an outer shell or housing 15 (Figure 2) which
has its lower end closed by a plug or closure
18, which is threaded thereinto. An inner hous-
ing {7 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 18 which

35

1n

Figure 14 is an isometric view of the weight

assemhbly which controls the direction contact,
Figure 15 is an isometric view of the pendulous
weights,
Figures 16, 17 and 18 are views similar to Fig-
vres 3, 4 and 5 and llustrating a modified form

of the invention, ]
Figure 19 is & horizontal, cross-sectional view

taken on the line §9—19 of Figure 17,

50

Figure 20 is a horizontal, cross-sectional view

taken on the line 20-—20 of Figure 17,

Figure 21 is a horizontal, cross-sectional view
taken on the line 2 {—21 of Figure 18,

Figure 22 is an enlarged transverse, sectionsal
view of the contact assembly and control means
of the modified form,

Figure 23 is e diagram {llustrating the opera-
tton 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 & schematic view and wiring dia-
gram of the recording unit employed in the modi-
fied form, and

Figure 2¢ is a schematic view and partial wir-
ing diagram illustrating the hook-up when the
oscillators and their assoclate paris are elimi-

nated. .
The general assembly

55
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" In the drawings, the numeral 18 designates a

'well bore which has been Hllustrated as cu.rving'
or inclining from the vertical. In surveying the
‘bore, it 1s essenfial that the direction in which

i

76

is formed on the plug or closure 16 and which
engages 8 groove 18 in the underside of said
housing. A metaliic 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 4 is
electrically connected with the prong 2f.. The
prong is urged into engagement with the contact
by a coiled spring 23 which is confined between
{he disk 22 and the underside of a cable or line
socket 24, the latter being constructed in two
sections and being threaded into the upper end
of the shell 15. The lower end of the cable {4
is secured within the socket sand a fishing neck
25 which Is threaded onto the upper end of the
socket surrounds the cable. A suitable packing
28 is confined within the socket and peacks 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 10 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
transmitied over the conductor 4. The impulses
are representations of the direction in which
the bore {0 inclines gnd also of the degree or
angle of such inclination and the indicating and
recording unit R transposes these representations
into visible indicalions. By taking the readings

at successive elevations or points in the bore,

the direction and degree of mclination is accu-
rately indicated.

The orienting and transmitting unit

The orienting and transmitting unit is clearly
shown in Figures 3 to 5 and, as cxplained, in-
cludes the housing: {1 which is incapable of ro-
tation within the shell 15.  The housing is of

¥ Y

The upper end of the cable extends from
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& constant diameter, slightly less then the inner
diameter of the shell, and the upper end thereof
ig closed by a cap &7 wihch i3 threaded there-
into, The retallic contact 26 is mounted with-

in the cap and Is insulated therefrom by an in- 5

sulating collar 28 which surrou~ds said contact
and by an insulating disk 28 which underlies the
cap. The lower end of the housing {7 {= closed
by a plug &2, which has threaded connection

therewith, and the underside of this plug i3 pro- 10

- vided with the groove i€ which receives the up-
standing key 18 of the closure (6. The upper end
of the plug §@ is formed with an axial recess 31,
which is countersunk to receive a bearing assem-

bly 32, A pivot pin 33 which depends from the 33

lower end of & rotatabie casing 34 is confined
within the bearing sssembly end i3 freely rotat-
able therein.

The rotatable casing && houses that portion of

the apparatus, which will hereinafter be referred g9

to as the compass unit C, and sald casing has an
outer diameter less than the inner diameter of
the housing {7 so as to be freely rotatable therein.
The casing is within the lower portion of the

housing and has its Jower end closed by & plug o5

$§ into which the pivet pin 83 is threaded (Fig-
ure 5). The upper end of the casing has & cap
86 (Plgure 4) thmoaded thereinto and said cap
hss an upwsardly extending, tubular shank or
sieeve 81,
" The shank prejects through an axial opening 38
formed in a transverse partition $8, which is pro-
vided within the housing (7. Suitable bearings 48
surround the shank and, manifestly, the inner

casing &4 is mounted so as to be rreely rotatable 35

within the housing #7.
The compass unit C, which will be hereinafter

described, is housed within the rotatable casing
84 which is mounted within the lower portion of

the housing 1. Immediately above the casing, 40

& contact assembly A, which is actuated to close
electrical circuits to a transmitting apparatus, is
mounted. A weight assembly W, which controls
the position of certain of the contacts in the

assembly A, Is disposed above sald assembly and 45

in the upper portion of the housing 11, is the
transmitting apparatus. This apparatus in-
cludes a trio of oscillators 8f, 62 and 03, which
are supported on transverse partitions or decks
44, 'The varicus transformers, fliter reactors
end other necessary electrical equipment, are
also mounted within the housing 11, as will be
more fully explained.

The compsass unit C within 'the rotatable cas-

ing 24 is arranged to control the position of the &5

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 gg

oscillator 8f.  The weight assembly W &lso has
connection with the contact assembly A and the
positions of the weights of sald assembly are
transmitted to the surface through the oscilla-

tors 02 and 63 of the transmitting apparatus. 65

The welghts of the assembly W assume & posi-
tion in accordance with the direction and degree®-
of inclination end, therefore, by transmitting the
positions of said welghts to the Indicating and

recording unit R at the surface, the trend of the 70

wore is indicated, as will be herelnafter de-
scribed In detall.
The compass unit

preferably made integral therewith. gg

-base Bl

3
lower portion of the rotatable cazing 3 and In-

cludes a tubular shell or sleeve 42 (Floure 8s,

which is secured within the casing Inimedisicly -
gbove the plug 26 which closes the lower end
thereof. A block 43 is disposed within the lower
portion of the shell, preferably having threaded
engegement therewith, and this block is formed
with an axial bore or opening 44. A shaft &8
extends sxially of the bore, being supported on
bearings €8, and the upper end of said shaft
projects akove the block. An arcuate supporting
bracket or collar £7 is secured to the upper end
of the shaft and, manifestly, said bracket or col-
lar is freely rotatable within the casing. A
weight &8 is fastened within the bracket at one -
side thereof and when the casing 34 is inclined
as, for example, a8 it Is lowerad through an in-
clined bore, this welght always finds the low
side, the bracket being rotated to allow said
welight to move {0 such low side.

A megnetic compass 58 is mounted within the
supporting bracket or collar 47 and includes a
semi-spherical base Bl (Figures § and 12). The
base is weighted and is pivotally secured to the
bracket, the pivot points 52 being located dia-
mefirically opposite each other and being mis-

© alined substantially ninety degrees from the

weight 48 of said bracket. With such arrange-
ment, when the casing 34 i= Inclined, the weight
42 finds the low side, rotating the bracket 47
accordingly. At such time the bracket is in-
clined, that is, its side walls are off the vertical,
but the weighted base 5l of the compass swings
on its pivots B2 to msaintain the upper surface
of said base in a true horizontal plane.

The uxual suspension pivot §3 extends upward-
ly from the base §f and a semi-spherical shell
B4 is mounted or the upper pointed end of sald

- pin. Upward displacement of the shell is pre-

venterd by g sleeve 86 which depends axially from
the shell and which has its lower flanged end
engsged beneath a keeper §6 mounted on the
The usual magnets 51a are suitably
gecured within the shell §4. The upper surfzce
of the shell is of a dull non-reflecting surface
except for a narrow strip or bar of light reflect-
ing material §7. This strip or bar extends from
the center of the shell (Figure 13) to the outer
edge thereof and is disposed on the shell so &8

60 to constanily point in a predetermined direc-

tion.  For the purposes of this description, it
will be presumed that the reflecting bar or strip
51 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, sald unit will incline in accord-
ance with the inclination of the hore. Also, since
sald housing is csrried by the flexible line {{,
it may rotate as it is lowered. However, regard-
less of the rotation of the unit or of ihe inclina-
tion thereof, the compass 68 maintains the re-
flecting strip or bar BT on the upper surface of
the semi-spherical shell §4 in a posmon or di-
rection pointing north.

The upper end, of the tubular shell 42 which
houses the compass is closed by a cap member
82 which is threaded Into sald upper end. This
cap member has 8 downwardly extending, confeal
gleeve B9 formed integral therewith and located
axially thereof. The sleeve is reduced toward
1ts lower end and has a suitable curved window
€6 mounted therein. Tle window provides a clo~
sure to retain a suiiable damping fluid for the

mwmpassunﬁcnmaunwdwlthmthsumpmwlmthecmnzu theﬂuidbeinz
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.mmaintained at the level indicated in Figure §.

Manifestly, the light rays pass through the win-
dow end strike the light reflecting strip or sur-

- face BT of the semispherical shell §4 of the com-

pazstubula.r lens-carrving sleeve or casing #1 Is
mounted above the shell 42 within the casing
34. This sleeve is disposed at one side of the ces-
ing $4 and has its upper end extending through
‘and supported within a transversely extending

10

plate or deck 82. The lower ernd of the sleeve -

terminates adjacent & prism €3 which is mount-
ed in g transverse partition 84 znd light rays
which pass through the sleeve strike the prism
and are directed through the window €0 shove
the compass. As is schemetically shown in Fig-
ure 19, the gleeve 6f has a pair of condensing
lenses €5 at its upper end with a pair of project-
ing lenses 66 at its Iower end. A gate 61, of the
usual construction, is inferposed between the
lenses &5 and €6. Manilestly, light rays from
8 source of light sbove the tubular sleeve 8{ pass
downwardly through the lenmses which concen-
trate said rays on the prism 63, which prism di-
rects the same through the window €0 and onto
the light reflecting strip §7 of the compass shell
&4,

As g source of light, an electiric lamp €8, pav-
ing a straight wire filament, is mounted above
the tubular sleeve 6f. The lamp is insertable
within a socket 69 which is carried by an insu-

15
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lated support 18 extending upwardly from the

deck 62. A spring contact 71 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 lenses
and prism and are concentrated on the light re-
flecting sfrip 87 of the compass shell; actually,
an image of the lamp fllament is projected onto
the reflecting strip.

The Hght rays which strike the light reflecting
strip 871 are reflected upwardly therefrom and
onto 2 twin light sensifive element, such as a
twin photo tube 72, which includes photoelectric
cells T2a and 72b (Figure 10). - A prism 63a is
interposed between the compass and the twin
photo tube. The {win photo tube 712 is adapted
to control a follow-up eleciric motor 1¢ which
is mounted on a transverse support 74 within the
casing 384 near the upper portion thereof. The

- relative to the outer housing (7.
gardless of the position of the outar housing 11,

the position of the inner casing 34 is maintained
fixed with relation to the compass 50 and with =~

35

49

45

and 72b are normally located, one on each side
of the light refiscting strip §7. When the com-
pass is at rest with the strip §7 pointing north,
then the lght rays from ssid strip are directed

betwesn the photoelectric cells 72 and 125, with -

each vell receiving an equal amount of Hght, such
amount being insufficient to actuate the relays
controlling the motor windings 78a and 33b. I
the sheli 68 of the compasg moves, with relation

to the phots tube, 50 as to cause more light to .

strike one cell, then the motor winding con-
trolied by that cell is actuated and such actua-
tion, 23 will be hereinafter explained, results in
& rotation of the casing 34 to automatically cause
alinement of the ceils 72¢ and 72b with the strip
§1. In other words, the follow-up motor 73 ro-
tates the casing in one direction or the other so

that the relative position of the casing §4 to the

compass 58 is maintained. .
For imparting rotation to the casing 4 by

Imeans of the follow-up motor 13, the motor shaft

Is provided with a drive pinfon 86, which has 8
driving connection through a reduction gearing
81, with a friction drive wheel §2. The wheel is
mounted ri'one side of the casing 34 and has
one side extending outwardly through an open-
ing €3 formed in sald casing. The periphery of
the drive wheel rides on the wall of the outer
housing {7 of the unit T and has frictional en-
cagement therewith. Manifestly, when the mo-
tor 13 is actuated to rotate the wheel in one di-
rection or the cther, said wheel imparts a rota-
t'on to the inner casing 2§, such rotation being
Therefore, re-

relation to the point north,

The tubular shank 31 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 (Flgures 4 and 9). This
disk has a contact 85 embedded in its upper sur-
face near the periphery thereof and this contact

+ will be hereinafter referred to &5 the “north”

contact. The north contact is so located radially

- on the insulat'ng disk that when the light re-

motor has a double winding 732 and 13b so that ~

its shaft may be rotated in either direction.

The electrical circuit, in which the twin photo

tube and motor 13 are connected, includes a twin
amplifying tube 15, a peower transformer 18, and

b6

a trio of relays 71, T8 and 78, these elements :-

being mounted within the casing 38 on suitable
transverse supports which are disposed between
the twin photo tube 12 and follow-up motor 73.
The details of the electrical circuit of the motor
18 will be hereinafter described in detail, but it
is noted that, at this time, the photoclectric cell
12c is arranged to close the circuit through the
relay 11 to the winding 13a of the motor to ro-
tate the motor shaft in one direction, while the
other photoelectric cell 12b is adapted to close
the circuit to the other winding 73b of the motor

through the relay 8. Thus, if the cell 12a is re-.

ing more light, as reflected by the light re-
geeicvtlitxlli strip 571 of the compass, then the wind-
ing 72a is energized to rotate the shaft of the
motor 13 in one direction; if the cell 12b is re-
ceiving more light, ther the motor shaft is ro-
teted In an opposite direction. As is c}early
shown in Figure 12, the light responsive cells 12¢

-

- .

flecting strip 57 on the compass §0 is properly
alined with the twin photo ttbe 12 and the cas-
ing 34 is stationary, said north contact is alined
vertically with the strip 61, whereby both the
strip and the contact 85 are at all times pointing
north. If the unit T is rotatzd on its supporting
cible, the compass shell 54 will natarally rotate
with relzation to the casing 38 50 as to maintain

- its reflecting strip §7 pointing north. Such

65

70

76

mcvement of the shell 54 results in misalinement

of the strip §7 with the photoelectric cells 12¢
and 12b, whereby one or the other of the cells
cperates one of the motor windings 73a or 73b to
actuate the motor and Impart sufficient rotation

to the casing 34 to again aline the celis with the -
strip. Since the north contact 85 is secured to

the casing, the contact is moved therewith to
ma:ntain it in vertical alinement with the strip.,
Thus, it is manifest that the compass unit and
its associate parts serve to hold the contzct 85
po’nting north at all times, regardless of the ro-
tat'en or inclination of the outer housing 71 of
the unit T. This north contact establishes a
basis frem which readings can be taken and cal-

culations made to determine the direction and »

degree of inclination of the hore hole.
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T3¢ compass unit wiring diagram

The electrical circuit, in which tha twin photo
tube 12 and the electric follow-up motor 13 are
connected, s, of course, subfect to variation and
one form of hook-up. is {ilustrated in Figure 10.
In this Sgure, alternating current is supplied to
the motor windings T3¢ and 130 by a supply
wire §&8. The relay 17 centrols relay contacts
Tla which, when closed, completes the circuit
through & wire 17b snd through the winding 13a,
to & common ground G; similarly, the relay 8
controls relay contacts 1€a which, when closed,
completes a- circuit through a wire 18b and
through the winding T8b to the common ground
G. Obviously, when the relay 171 is energized,
the winding T8a is energized to operate the motor
shaft in one direction, while energization of the
relay 78 operates the motor in an opposite direc-~
tion. The windings of the relays 17 and 78 are
suppiied with direct current by a supply wire
§€f through the plate circuit of the twin tube
18,

The relay T1 is connected by a wire Tlc with
one plate of the twin amplifying tube 15, the
grid of which is, in turn, electrically connected
through & wire T8z with the photeelectric cell
§2a2. When sufficlent light is striking the cell,
the relay is energized to close the contacts Tia
and energize the winding 13a. The relay 18 Is
similarly connected to the plate of the tube 18
through & wire T8¢ snd & wire T8b connects the
grid of the tube to the cell 12b, whereby when
suficient light is directed onto this cell, the re-
lay T¢ is energized to complete the circuit to the
winding 73b of the motor 13,  When the compass
shell is in & normal position, the light rays re-
flected from the strip 61 are directed between
the celis so that neither receives sufficient light
to actuete its relay. However, when the com-
pass shell rotates relative to the cells, one cell
recefves more Heht and actuates its relay to ro-
tate the cesing 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
§1 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 {7 and casing 8¢ will be rotated very
rapidly, in which case the compass shell, in find-
ing north, will move the reflecting strip §7 com-
pletely from beneath both cells 72¢ and 12b,
with the result that neither could operate its
relay to re-sline said cells with the strip. For
rotating the casing 34 to again aline the cells
with the strip E7 in the event the above occurs,
the emergency relay 19 is provided. As shown

_in Pigure 10, the relay is connected by a wire T18a

to the relsys 11 and 78 and is arranged to con-
trol relay contacts 79b. These contacts are
adapted to complete the circuit to the winding
12b of the motor 13. The relay 18 is so con-
nected in the circuit that when both cells T2z
and 12b are receiving light, at which time their
relays 11 and 18 are inoperative, the relay 79 is
energized since it is, in fact, connected o both
cells. Energization of the relay 18 holds its
relay contacts 1¢b 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 79 is de-
energlzed, allowing the contacts 18b to close the
circult to the motor winding 13b, whereby the
motor shaft is rotated in one direction to impart
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rotation to the easing. Such rotation coniinues
until one of the cells 12a or 12b again receives
the reflected light, at which time the cells actu-
ete their relays to sgain aline the sirip 87 with
the tube T2, As soon as the light again strikes
one or both cells, the relay 18 is again energized
to open the contacts 1§b. Thus, the relay 78 is
an suxiliary relay to assure alinement of the
photo tube 72 with the reflecting area or strip
87 in the event no light reys are striking either
cell. )

The electric lamp 88, which provides the light
reys which are directed onto the reflecting sur-
face of the compass, is supplied with current
from one of the secendary windings of the trans-
former 16, being connected thereio by wires 68a
and 68b. The other secondary winding of sald
transformer has connection with the heater or
filament of the twin amplifying tube 15. The
primary winding of said transformer is supplied
with A. C. through a wire (60g, which leads from
the main supply wire £00.

The contact assembly

The insulating collar 84 which is mounted on
the tubular shank 37 at the upper end of the
casing 34 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
mesans of the compass unit C, A trio of contact
rings &6, §7 and &8 are secured to the periphery
of the insulating collar &8 (Figure 9) and the
former, 88, is connected with the common ground
G, while the latter two rings, 87 and 88, are con=-
nected to the supply wires 100 sand {81 which
supply current to the compass unit C. The rings
are engaged by contact brushes 86a, 87¢ and 88a,
respectively, ‘which are mounted on a vertical
post 89 which extends upwardly from the trans-

- verse partition 38. Manifestly, the brushes and

rings provide a means whereby mJrent may be
congp‘zcted through the rotatable member or col-
lar 84. )

Above the frsulating collar 84, which carries
the north coutact 85, a rotatable disk 980 s
mounted. This disk is constructed of electrical
insuleting material and is secured to the upper
end of a rotatable shaft 8i. ‘The shaft extends
downwardly through the tubular shank 37 of the
casing, being rotatable on bearings therein, and
the lower end of sald shaft projects into the
upper portion of the casing 84. This projecting
lower end of the shaft has a drive gear 82 there~
on and sald gear is in constant mesh with an-
other gear 93, the latter being secured on a
shaft 84, Bevel gears or pinions 8§ and 86 es-
tablish a driving connection with the shaft of
an electric motor 91 which is supported on a
transverse partition within the upper portion
of & casing ¥.  Alternating curreut is supplied
to the winding 91a¢ (Figure 10) of the motor 87
through a wira 1600 which leads from the main
supply line 100, The motor 87 is .rranged to be
actuated at a fixed or predetermined speed,
whereby the disk 90 is rotated at a predeter-
mined speed, as for example, 5 R, P. M,

A spring contact arm 88, having a contact 88
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
89 is disposed in the same conceniric plane as
the north contact 85, whereby the contacts en-
gage each other once during each revolution of
the disk. Th2 contact arm is electrically con-- .




6 | |
nected with a collector ring 103 which surrounds
the periphery of the disk. Above the ring {03,
two additionsl rings 104 and 108 are secured to
sald disk and the three rings are engaged by
spring brushes (03a, (04a and . i86a, which
brushes are carrled by the vertical post 89. The

hrush (¢3¢ is connected to the oscillator Of of

the transmitting apparatus, while the brushes
t8da and 185z are connected to the oscillators
O% and O3 of said apparatus, as will be more
fully explained. Since the brush 183a, which en-

10

gages the ring 183, has electrical connection with -

the oscillator Ol, the engagement of the contact
83 on the arm 98 with the north contact 85 closes
an electrical circuit to the oscillator Of, where-
by said oscillator is sctuated to set up and trans-
mit an electrical impulse to the surface, as will
be described. Therefore, each tline the contact
93 engages the north contact 85, which is once
during each revolution of the disk, the electrical
circuit to the oscillator Of is closed and an elec-
trical impulse is transmitted to the surface.

15

‘The collector rings 104 and {85 are electrically ‘

connected to a pair of contacts 166 and 107, re-
spectively, and these latter contacts are mount-

ed on the upper surface of the disk 90. The

contacts 106 and {67 are located sdjacent each
other and are alined vertically with the contact
99 on the underside of the disk; manifestly, since
these contacts are mounted on the disk, they

30

rotate simultuneously therewith. The contact

106 is arranged to engage a contact plunger 106a,
which is supported by a flat spring, whiie the
contact 107 is adapted to engage & similar con-
tact element (81a, said elements overlylng the
disk 86. It is preferable that the contacts {06

and (07 have their upper surfaces slightly ahove

the top of the disk, whereby the contacts (06a
and 187z may be engaged thereby, without said
contacts 186a and 167a riding on the top of said
ring, This arrangement reduces friction and ob-
viates the danger of the disk causing movement
of the contacts 186a and (87a to produce an in-
accurate reading, When the contacts {06 and
186a engage each other, an electrical circuit to
the oscillator O3 of the transmitting apparatus
is closed, whereby an electriéal fmpulse is gen-
erated and transmitted to the surface. Such im-
pulse is representative of the direction of inclina-
tion of the bore 0, as will be explained. En-
gagement of *he contacts 107 and (07a closes an
electrical circuit to the oscillator O2, whereby

2,317,633

round the sleeve and, manifestly, by means of
sald sleeve and the pivot pin, the weight is ro-

iatable within the housing. Due to the fact that -

the welght 168 is off-center of its plvot points,
it is obvicus that when the housing 7 is in-
clined, the weight will find the low side. Such
movement of the iwelght will impart a rotation
to the sleeve 114, the rotation being in accord--
ance with the amount of movement of the
weight.

The lower end of the sleeve ({4 has a radially
extending arm {17 secured thereto and the con-
tact 10882 is mounted in the cuter end of said
arm. When the housing is in a vertical posi-
tlon, the arm T and contact (06a are alined
vertically with the north contact §5 in the col-
lar 84. In such position, the contact {88 on the
disk would engage the contact 168a simultane-
ously with the engagement of the contact 9§ with
the north contact 85. This would result in a si-
multaneous sctuation of the oscillators Of and
032 and such actuation would indicate true verti-
cel, as will be explained. However, if the outer
housing {71 were inclined, then the weight (68,
in moving to the low slde, rotates the arm 117
and misalines the contact 108z relative to the
norih contact 85. The number of degrees of this
misalinement 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, & second weight member {18 is provided.

This member includes a palr of arcuate weights
which are secured together by a shaft (18, The
ends of the sheft are journaled in the arms 109

- of the first welght (Figure 9), and the weight

(68 is recessed at {08’ to permit the arcuate
welghts to move therethrough. Obvicusly, the
weights {18 form a pendulum and remain in a
vertical position, regardless of the inclination
of the housing {1. An adjustable stop 120 may

- be provided for limiting the swing of the vreights
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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 positlon of the contacts

106z and {07a. so as to indicate the Jirection and’

degree of inclination, the weight assembly W is
provided and is mounted within the housing {7
above the contact assembly. This assembly in-
cludes a weight member 108 which has a pair
of upwardly eztending arms 109 preferably made
integral therewith. The upper end of the arms
are connected by a crosshar ({0 (Figures 9 and
14) which has a central upstanding pivot pin
t1{. The pin is mounted in suitable bearings
112 which are disposed within a transverse sup-
porting partition §13. As is clearly shewn in
Figure 9, the weight is off-center with relation to
the interior of the housing and has a depending.
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tubular sleeve ti4 which extends through a -
transverse Geck 115. Suitable bearings 11§ sur- 75
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18. .
When the pendulous welghts swing they im-
part & rotation to the shaft {19 to which they
are secured. This shaft has a bevel gear 21
thereon and said gear is in constant mesh with
a bevel pinion 122, the latter being secured to
the upper end of a shaft 123. The shaft 123
extends through a vertical bore (24 formed in
the weight 188 and also through the sleeve ({4,
the lower end of said shaft projesting from the
lower end of the sleeve. The projecting end of
the shaft has an arm 25 secured thereto and
the outer end of this arm has the contact 187a
mounted therein, When the housing 17 is in a
vertical position, the pendulous weights 1{8 are
centered in the housing and, in such position,
the contact {87a is alined vertically with the
north contact 85 and is also alined with the
contact 186a. However, when the housing is

-inclined, the pendulous weights {#8 swing with

relation to the weight (08 and through the
medium of the gears {21 and 122 and the shaft
123, the arm {25 and contact 107g are swung
out of alinement with the arm {171 and contact
§06a. The amount of such misalinement is rep-
resentative of the dezree of inclination from the
vertical of the housing 17 and of the bore 10,
in which the housing is located. As explained,
the contact {8la is adapted to be engaged by
the contact 107 to close an electrical circuit to
the oscillator 02 of the transmitting apparatus
to generate and transmit an electrical impulse
as to the recorder R at the surface.

.

-
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The transmitting unit

As hes been explained, the transmitting ap- -

parstus includes a trio of oscillators 8f, 82 and
¢3. Esch osclllator, as is clearly shown in the

wiring diegram in Figure 10, includes a triode .

tube #Z8, oscillation coupler 127 and condenser
128. The electrical hook-up of each oscillator is
well known in the electrical art and it is not be-
ileved necessary to give a detalled description
thereof. The oscillator & is connected by & wire
{63 with the contact brush (08a, which is in
engegement with the collector ring 183 on the
rotating disk 8. The oscillator £2 is connected
by & wire 104b with the brush (84a, which
brush is in engagement with the collector ring
fé5 of ssid disk, while the third oscillator €3
is connected through a wire §{66b with the brush
i8Ba engaging the collector ring (G5 of sald
disk. 'The current is supplied to the transmitting
unit through the wire (4 which extends down-
wardly through the fiexible cable or line f{. A
fliter reactor (i% is connected in the wire lda
prior to the connection of said wire to & power
transformer (§8. A direct lead wire 280 connects
the line (4 with the brush 8%a, which brush
engages the collector ring €7 on the insulating
collar 4. As has been explained, the ring 81
is connected with the supply wire {00 and, thus,
it will be seen that alternating current fiowing
downwardly from the wire {4 will pass down-
wardly through the wire 260, then through the
ring 87 and finally to the wire 100,

The primary winding of the transformer 180
is suppled with the alternating current from
the wire (8. The low voltage secondary winding
of the transformer (39 supplies the heater cur-
rent to a rectifying tube 131 and also to the
triode tubes 1286 of the oscillators. The high
voltage secondary output Is rectified by the recti-
fler tube and is changed to direct current. This
direct current is fillered by a filter condenser
132 ‘and is then conducted by means of a wire

201 to the contact brush 88a. This brush is In
constant engagement with the contact ring 88
of the insulating collar 84. The ring 88 is al-
rectly connected with the direct current supply
wire 16! and, thus, it will be seen that a fiow
of direct current is conducted to the compass
unit C. ‘The direct current is fed to the oscilla-
tors 61 to 83 by means of wires 202, 203 and 204,
which wires have connection with the main
supply wire 201,

Zhen 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 18a, which is connected to the wire
{4 in advance of the fllter reactor (29. 'This
electrical impulse is carrled to the surface by
the wire 14 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 0f may generate
a carrier frequency of 350 cycles, while the oscil-
lator 02 may generate a frequency of 450 cycles,
while the oscillator 83 may generate & frequency
of 600 cycles. 'Thus, it will be possible to trans-
mit the impulses simultanecusly over the same
wire. It is pointed out that the figures given
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herein with respect to the cycles are Mustrative
only snd 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 unit

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 11 inc.udes the
movsbie tape 138, which is mounted on suitable
rellers 1§86, The tape is preferably formed with
perforations {37 along its edges, vhich perfora-
tions are adapted to be engaged ty radially ex-
tending pins {88 formed on the rollers. One of
the rollers {36 has its shaft exter:ded and pro-
vided with & drive gear {39, which meshes with
a pinion. 148. The pinion is secured to the outer
end of the shaft of an electric motor {41, whereby
the tape (&6 msay be driven al a constant speed.

A trio of styluses (42, 143 and {44 gre arranged
to ride on the tape 1358 and, as said tape moves
beneath sald styluses, the latter form or imnrint
a trio of longitudinal, parailel lines on said tape.
Each stylus is pivotally mounted on a pin 145
which is securec. to a suitable support 146.

The stylus (42 fmprints or forms the parallel
line {42’ on the tape and the outer end of said
stylus is adjacent an electromagnetic relay 141.
When the relay (27 is energized, a lateral move-
ment is imparted to the inner or marking end of .
the stylus (42, wherchy an offset 142 is formed
in the line 142’. The relay 147 is connected in an
electrical cireuit which includes an amplifier 148
and a suitable filter (49, as well as a transformer
§60. The transformer is connected by a wire I514
with the wire {4, whereby an electrical impulse
transmitted upwardly along the wire {4 will pass
over the wire 81 and to the relay 147 to energize -

- the same.

© It is pointed out that the fliter 149 is so con-
structed as to receive impulses of the frequency
generated by the oscillator Ol and, therefore,
each time that the oscillator Of is operated, the
electrical impulse generated thereby is trans-
mitted to the surface and energizes the relay (41
to swing the stylus 142 and form one of the off-
sets £42a in the line 42°. The line 142°, as will-
be hereinafter explained, represents the azimuth
or north point. Co

The stylus (43 forms or imprints a line 143’
which Is located centrally on the tape 135. The
outer end of the stylus 143 is adjacent a relay
{41a, which is similar to the relay 147 in the cir-
cuit of the stylus £42. The circuit for the stylus
143 is substantially the same as that hereinbefore
described for the stylus 142, and includes the am-
plifier (48a, filter 148a and transformer {58q
The transformer is connected to the wire {51 bya
wire {5la.” The filter t4%a for the stylus 183 is
arranged to pass impulses of the frequency which
are generated by the oscillator 03. 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
opcrated the relay 147a is energized to swing the
inner or marking end of the stylus i43, whereby
an offset (43¢ is formed in the line 143",

The stylus {44 forms a line 144’ on the tape and
has its outer end adjacent a relay 1476, When
the relay is energized, the inner or marking end
of the stylus is moved laterally to form an offset

- 144a in the line (44’ The circuit in which the
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" to the low side and such swinging of the weight

relay {47 is mounted includes an amplifier {48,
a filter 145 and a transformer 180D, A lead
wire (5/b connects the transformer to the wire
i51, whereby the impulses travelllng upwardly
_over the wires 4 and 151 will pass to sald trans-
former. The filter 143b which is connected in
s+he circudt controlling the relay §4Tb is construct-
ed so as to receive the impulses of & frequency
which are generated by the oscillator O2. This
oscillator, ss has been explained, transmits im-
pulses representative of the angle or degree of

inclination and each time said oscillator is actu- .

ated, the relay {470 1s energized. Such energiza-
tion of the relay swings the stylus I44 so as to
form one of the offsets t44a in the line 144°,

From. the above, it will be seen that the first
stylus 142 is controlled in its operation by the
oscillator Of and the line {42’ which is formed by
this stylus is representative of the szimuth or
north point, The second stylus {43 is controlled
in its operation by the oscillator O3 and the line
143’ formed by this stylus is representative of the
direction of the inclination of the bore hote. The
third stylus {44 is controlled in its operation by
the oscillator O2 and the line {44’ 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 3
by means of the cable {I. The recording unit R
is located at the surface of the well, being elec-
trically connected through the wire 154 with the
main lead or conductor (4. The electrical power
necessary for operating the various parts is con-
ducted through wires 152 and 1§2a, which lead
from g suitable source of supply. An insulating
transformer and voltage control 153 is connected

to the power lines (52 and (52a and Is also con- -

nected to the line 4. A suitable ammeter 164
may be connected in the wire {4 in advance cf the
transformer. A filter reactor 13§ Is also con-
nected in the wire {4 to prevent the electrical
tmpulses, which are travelling upwardly along
the wire, from passing to the transformer. Also
condensers {56 are connected in the wires i5t,
{5ta and {5ib 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
pasition shown in Figure 1 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 sald 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 com-~
pass 50 has adjusted itself, the reflecting strip
§1 may or may not be alined with the twin photo

tube 12. depending on whether or not the casing -
34 has been rotated during the lowering opera-.

tion. :
‘At the same time that the compass §0 is adjust-
ing itself, the weight assembly W automatically
operates to swing the contacts 106a and (0la
{nto their positions in accordance with the in-
clination of the housing 11. The weight 108,
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which controls the contact t86, swings on its pivot 78

{68 rotates the arm (17 which carries the contact
{664, thereLy resulting in an adjustment or move-
ment of the contact relative to the rotating disk
80. At the same time, the pendulous weights
{13, which control the position of the contact
101a, are swung, Whereby the contact i81a is ad-
justed or moved with relation to the contact 108a
and also with relation to the disk 80. After suffi-
cient time has elapsed for the weights and com-
pass to adjust themselves, the device is in readi-
ness for the reading to be taken. .

In taking the reading, a manual switch at the
surface is closed so that electrical current flows

from the power lines (62 and (§2a¢ and down-

wardly through the wire or conductor i4§. This
electrical current is alternating current and flows
through the wire 260, then through the contact
ring 871 of the insulating ccllar 84 (Figure 10)
and then to the wire 188, and finally to the timing
motor 81, follow-up motor 73 and power trans-
former 1€, as has been explained. The current
is rectified by the tube (3f and Is conducted
through the wire 2¢f, through the collector ring
88 of the collar 84 and then through the wire 101
which leads to the relays 11, 18, 19 and to the
tube 15. 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 third
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 €6 and
then through the prism 63 onto the reflecting
surface 51 of the compass shell 54. These light
rays are reflected from the surface or strip 61
upwardly through a prism 63z and onto the pho-
toelectric cells 72z and 12b. If c¢he photo tube
12 is in proper alinement with the reflecting sur-
face 51, then these refiected light rays wiil par-

tially strike each tube, with the result that the -

follow-up motor 13 will not be operated. How-
ever, if the casing 384 is misalined so that more
light strikes ore or the other of the photoelectric
cells, then that cell is actuated to energize one
winding of the motor 13. Such energization of
the motor winding, as has been explained, ro-

tates the casing 24 until it is properly alined with -

the refiecting strip 5. 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 slined with said
refiecting strip, whereby said contact is also
pointing north. The provision of the photo tube
72, together with the projection and redection
of the light rays, provides a positive means to
assure that the contsct 85 is maintained in a di-
rection pointing north. :
When the electrical current was conducted
downwardly to the unit T, the timing motor 87
was operated to start rotation of the rotating
disk 80. As explained, this motor operates at
a fixed speed whersby the disk rotates & pre-
deterniined number of revolutions over a given
period. As the disk 80 is rotated, the contact
83 on its underside engages the contact 85 on

the insulating collar one time during each reve -
olution of the disk. As the contact 83 moves -

into engagement with the contact 85, the elec-
trical circuit is closed to the oscillator 0f, where-
by sald oscillator is actuated to generate an elec-

trical impulse of & predetermined frequency, ~ :

P = |
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 This impulse is transmitted upwardly over the

wire 1§ and then over the wire {5( to the relay .

147 of the recording unit R. When ibe relay
. §41 i3 energized, the stylus 142 is swung to pro-
vide or form an offset 142z in the line $42’ formed
by saig stylus. Since the contact 85 is pointing
north and also since sald contact is engaged by
the contact 88 one time upon each revoluiion of
the disk 88, it will be manifest that each offset
£82a in the line (42’ is representative of the
position or direction north. The distance be-
tween the two offsets 182q in the line (42’ is 360
degrees, since the disk 80 revolves one complete
revolution after the contacts 8% and 85 are en-
gaged. Since each offset 142a represents the
direction north, it will be seen that halfway be-
tween sald ofisets represents south, and from
these representations any given direction along
the line (42’ may be determined.
As the disk €6 revolves, it also causes the en-
zagement of the contact {06 «ith the contact
f66z and such engagement of these contacts

-
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clases ‘an electrical circuit to the oscillator 03, ~

whereby that oscilistor generates and transmits
an electrical Impulse to the surface. Such im-
pulse energizes the reiay §47a so as to actuate
the stylus (43, whereby offsets 143a are formed
in the line {43’. These offsets will be spaced
apart 360 degrees and are representative of the
direction of the inclination of the bore 10. That
these offsets represent the direction will be read-
ily seen for, as explained, when the contact 106a

25

30

is alined with the fixed north coniact 839, the

housing {7 is in a vertical position. Whenever
the housing 7 is inclined, it follows that the
contact $66a Is swung or moved circumferentially
with relation to the disk 28 because of the weight
i68, which always finds the low side. The
amount of inclination of the housing 17T will, of
course; control how many degrees the contact
166a is moved relative to the fixed north con-
tact 85. Therefore, when the position of the
contact 186e is changed with relation to the fixed
contact 85, the contact 186a will be engaged by
its contact §66 either before or after the contact
89 engages the north contact 85. The difference
in the time of engagement of the contact {66a
with relation to the engagement of the contact
85 will be indicated by the offsets 143a and t42a.
As shown in Figure 11, the stylus {42 was actu-
ated upon the engagement of the contacts 89 and
86. Due to the inclination of the housing I1,
ihe contact (06 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 143’ with the off~
sets t42aq in the line 142°. As lllustrated, the
offset 143a is substantially northeast because it
lies between the point north and the point east
on the tape. Thus, the offset 143a immediately
ingicateés the direction in which the bore hole {0
is inclined.

As the disk 80 rotates, it also brings about the
engagement of the contact 107 with the contact
i07a¢. The lztter contact is controlled by the
pendulous weights 118 and has been explained
hereinbefore. The degree or angle of inclina-
tion of the bore 18 and the housing 1 is repre-
sented by the position of the weights 118 which
always hang vertically from their shaft (18.
When the housing is in a true vertical position,
the contact 107a is alined vertically with the
contact 106a and lies in the same vertical plane.
However, upon the inclination of the housing,

the welghts ({8 swing so as to ro@ate the arm

. - -
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128 which carries the contact {87q, thereby vary-

-ing the radial position of said arm and contact

with relation to the contact (08a, 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 (66a is en~ :
gaged by its contact 108 in advance of the con- -
tact 107 engaging the contact (61a. :

As soon as the contact 137a is engaged by
contact 107, an electrical circuit to the third os- -
cillator 02 Is closed, whereby an electrical im- -
puise Is transmitted to the surface. This im-
pulse actuates the relay 147b, whereby the stylus
14§ is swung to form the offset {4a in the line
f44’. By comparing the point at which the offset
t44a o.curs with the offset i£3z in the line 143’,
it is possible to determine the number of degrees
difference between the contacts 106z and (67a.
This difference in degrees is representsative of the
number of degrees that the housing is off true
verticel and, thus, it is readily determined at
what degree or angle the bore hole {8 inclines.

Successive readings may he taken throughout
the entire length of the bore hole {0, whereby an
accurate survey of the same is had. The devicelis
accurate and positive in its operation and may be
quickly lowered and raised through the bore on
the fiexible line. It is pointed out that the pro-
vision of the tape 135 provides a means whereby
the Indications may be quickly interpreted and
also whereby a permanent record is had. The
first line 142’ establishes a basis from which the
other readings may be taken. That is, the line
182" provides a means whereby the north point

- may be definitely determined. The second line

143’ is indicative of the direction in which the
bore hele (8 inclines and, by comparing the offset
f43c in this line with the offsets {42g in the line
f42’, the exact direction of the bore hole inclina-
tion is had. The third line (44’ provides a means

-for indiecating the degree or angle of the incling-

tion and, by comparing the position of the offsefs
{44a with the offsets {43¢c, such inclination, in the
exact number of degrees, may be determined.
The device is compact in construction and is
mounted withir the outer shell 15 which is sealed
against fluids, winereby any fiuids which may be
present in the bore {0 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 osclllators 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 89 with the azimuth or “north” contact
85, restilts in closing the circuit to the relay 147,
whereby the stylus 142 is actuated. Similarly,
the engagement of contact 166a with the contact
106 closes the circuit to relay 147a of the stylus
{43 and engagement of the contacts {07 and {0Ta
closes the circuit to the relay {47b of the stylus
{44.  The same measurements and readings would
be accomplished without the oscillators and
filters. However, a muitiple wire cable is sub-
stituted for the single wire or conductor (4 but
the results obtained are the same. o

, The modified form o
~ In Figures 16 fo 25, a slightly modified form of
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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 {liustrated in place of the compass 56 and also’

the weight assembly W is omitted, the directlon
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 cf the casing 84, as is clearly shown in
Figure 18. This compass includes an outer casing
16§ which has the tapered supporting pin 62 se-
cured axislly thereof, A circular compass card
or disk {63 is mounted on the pin 162 and is pro-
vided with an elongate, radizl slot {64 (Figure 21)
- therein. 'The slot i64 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 £6¢ and this opening is located beneath
the lens-carrying sleeve 6{, whereby licht rays
may be projected downwardly through the open-
ing and through the slot {64. The lower end of
the casing (61 is provided with an opening (66

whereby the. light rays passing through the slot .

{64 may be projected downwardiy onto the twin
photo tube 72. Instead of being mounted above
the compass and adjacent the lens-carrying
sleeve 6!, as in the first form, the twin photo tube

12 is located below the compass and is arranged :

to receive the direct light rays rather than re-
flected light rays a&s in the first form. Manifestly,
when the light rays are passing through the open-
ings {65 and {66, as well as through the slot (64,
an equal amount of light is striking the photo-
electric cells 12z and 12b. However, if the casing
348 becomes misalin:d 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 13, 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 84
carried by sald casing, is maintained in a direc-
tion pointing north at all times. The results ob-
tained by this construction are exactly the same
as that of the first form, the main. difference

2,317,
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being that direct Ught rays, rather than reflected -

light rays, are utilized to actuate the photoelectric
cells 72a and 72b. In both instances, the coniact
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 170, which is somewhat similar to the disk
88 and which is mounted on the upper end of the
shaft $f which is controlled in its rotation by the
timing motor 1. The disk 170 has a collector
ring (03¢ secured thereon, which ring is en-
gaged by a brush 103d mounted on the post 89.
The brush 1034 is similar to the brush {83a 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 103c
is electrically connected with a contact §3°, which
is similar to the contact 89 in the first form
(Figure 22). Manifestly, as the disk (70 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 im-
pulse upwardly to the surface and energizes the

» .
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relay 147 of the stylus 142, as has been explained.
Thus, it will be seen that as the disk {78 rotates
and causes the engagement of the contacts &8
and the fixed north contact 85, the stylus 142 is
actuated to form the offset 142a in the line 142°,

This operation is exactly the same as has been

deseribed in the first form.

For indicating the direction and degree of
inclination, the upper portion of the disk (70 is
formed with an upwardly extending collar 11f.
This collar is preferably made of insulating mate-
rial and is Integral with the disk. Disposed
within the coliar and resting on the upper sur-
face of the disk is a metallic plate {12 which has
its upper surface sultably coated with a light
responsive material (13, whereby the plate {72,
in effect, forms a selenium or photoelectric cell.
The plate 712 has its underside electrically con-
nected through a contact bar 174 with a contact
ring {15, which surrounds the disk 113 above the

contact ring (03c. A similar contact ring 116 is .

disposed sbove the ring (75 and has connection
through a bar {17 with the upper surface or with
the coating material (713. The selenium cell acts
as g resistance in the eircuit and the emount of
lght striking the same varies its resistance.
When light rays are projected onto the plate 172,
the resistance of the cell is changed.

The collector rings I75 and {16 are engaged by

spring brushes {752 and (762, which brushes are
electrically connected through wires (150 and
1160 with an operating relay (11’. A suitable
amplifying tube 178 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 {18, whereby the relay {171’ is ener-
gized. When the relay is energized, the relay
contact (T8 closes the circuit through wires 18a
and 118b to the cathode circuit of an oscillator

34, whereby sald oscillator is energized to trans-

mit a carrier frequency to the surface and to ihe
recording unit R’, as will be hereinafter ex-
plained. So long as the relay 117’ is energized,
the oscillator is maintained in operation and it
is only when sald relay is de-energized to open

the switch 178’ that the oscillator 04 ceases to -

operate.

Overlying the plate 112 and dispesed within the

upstanding collar 1Tl is an opaque plate IT9.
This plate is clearly shown in Figures 20 ang 23
and has an opening 88 formed therein. The
opening is of a predetermined shape and has one
side 181 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 182. Ad-

jacent the inner eiid of the straight side, the
opening is abruptly curved as indicated at 183.
An annular mirror {7fa is inserted within the
collar and covers the inner surface thereof.

For projecting light rays downwardly through
the opening 180 onto the selenium cell formed
by the plate 1712, a plumb bob 84 is univer-
sally mounted within a depending collar (85
which is formed integral with a partition or
support 186 located within the housing 11. The
plumb bob Is clearly shown in Figure 22 and
includes a confcal or tapered sleeve 187 which is
reduced towerd its lower end. A lens 188 is
mounted in the upper portion of the sleeve (81,

while a projecting lens 189 is secured across the

lower rediuced end. Interposed between the
lenses is a gate 198, 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
§81, which is suitably mounted in the partition
tge. .

‘When the housing {7 is in a true vertical posi-
tion, the plumb bob 84 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 172,
These light rays serve to close the electrical
circuit between the contact rings {18 and 176,
whereby the relay 117’ is energized to operate the
oscillator 04.  So long as the parts remsin in
this position and the light rays continue to strike
the plate £12, 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 stralght

19

15

side i8§ 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 83’ which engages
such north point. When the housing (7 is tilted
or inclined, it follows that the plumb bob {84,
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 179,
with the resuit that they may be projected onto
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the flat surface of said disk or plate and will not

reach the selenium cells or plate 112 at all times.
Manifestly, when the light rays are not striking
the plate 112, the oscillator 04 is not actuated.
In explaining the operation of the light rays as
acting on the plate 172 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 numeral (8¢,
while the position of the contact 89’ is illustrated
by the dotted line. Assuming that the disk is

40

rotating in & counterclockwise direction, it will

be seen that the contact 99’ will engage the north
contact §5 prior to the time that the light rays
are permitted to pass through the opening t8¢.
As explained, the engagement of the contacts 89°
and 85 will actuate the oscillator 6} and stylus
" 182 of the recording unit R’. Such operation of
the oscillator and the stylus will result in the
formation of one of the offsets 142a in the line
142’, During this time, the light rays are not

striking the plate 172 and the oscillator 04 s

ingctive. As the disk continues to rotate, the
straight side I8¢ 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 188 moves beneath the projected light
rays. As soon as this occurs, the eircuit is closed
to the oscillator 04, whereby said oscillator is

operated.
The oscillator 04 is arranged to energize a
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relay {4lc which is similar to the relays i47 to .

181H hereinbefore described. Associated with
the relay (41c is a stylus 182¢c, which rides on the
tape 135. This stylus is arranged to form a line
. 181" on the tape and, when the stylus s actuated,
an offset 147d is formed in said line.
Since the contact 99’ engages the contact 85
once during each revolution, the distance between
the offsets 182a represent 360 degrees. Also, as

65

moves beneath the projected light rays. Thus,
when the oscillator 64 is operated, the stylus
182¢ forms its offset {81d 80 degrees later on the
tape 138, This Indicates that the direction of
inclination of the hole is 80 degrees from north, -
which in this instance would be substantially due
east, : : :
' As the disk continues to rotate, the opening
180 moves beneath the projecting light rays and
the length of time that the opening remains be-
neath these projected rays controls the length
of time that the stylus (4&c is held inwardly to-
ward the relay (47c. Therefore. the length of
the offset 141d formed by sald stylus indicates
the number of degrees during which the opening
has remained below the projecting light rays. In
the position {llustrated iz Figure 23, the opening
183 remains below the projecting light rays
through spproximately 132 degrees as indisated
by the lne §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
£78. In such case, the opening would not remsin
below the projecting light rays as long, with the
resuit that the line or offset 141d formed by the
stylus 142¢ would not be as long on the tape §38. .
By determining the length of the line {47d in
degrees, it is possible fo determine the position
of the plumb bob with relation to the plate 118
and, therefore, it is possible to determine the
degree of inclination of the housing {7. The pro-
vision of the mirror #Tia makes it possible to
reduce the diameter of the collar (11, while in-
creasing the effective area which recelves the
lght 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 selenitm cell, If the mirror were not pro-
vided, the light rays weould misc the cell at maxi-
mum inclingtion of the plumb bob. It is pointed
out that the invention is not to be limited to the
particular shape of the opening {80, 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 I8 inclines is indicated . -

by the relative positions of the offsets (4Za and.
the beginning of the oifset 187d. This difference
in degrees indicates the direction in which the
bore is inclining, The length of the offset i141d
{lustrates, in degrees, the length of time that
the opening 180 has remained beneath the pro-
jecting Hght rays and this indicates the position
of the plumb bob with relation to the housing snd
the plate 178. In this manner, the angle 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 clight, 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
iltustrated, a gyro-compass, or other type of com«

. pass, may be employed.

70

explained, the disk or plate {19 rotates 90 degrees

after the engagement of the contacts 9%° and 85.

before the light rays strike the plate 112, because
it is this length of time before the opening 890

- «

The foregoing description of the inveniion is
explanatory thereof and varlous changes in the
size, shape and materials; as well as in the details
of the illustrated construction, may be made,

* within the scope of the sppended claims, without

=

departing from _the spirit of the invention,
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What I claim and desire to secure by Letters
Patent is: - . .

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

10

said remsining impulses to the surface along a

wave of frequency different from the frequency

wave of the first meatloned impulses and means

at the surface for transposing said impulses into
" visibie indications. .

2. A well survey instrument including, a hous-
ing sdapted to be lowered inte the well, a mov-
able azimuth contact, 8 compass unit remote from
the contact and associated with sald 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 varlations from the vertical, and
means at the surface for indleating the vesition
of said last named means with rclation to the
azimuth contact, whereby the direction of inclina-
tion of the instrument may be determined.

3. A well survey instrument including, & hous-
ing adapted to be lowered into the well, a mov-
able azimuth contact, a compass unit remote from

15
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the contact and associated with said cortact 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, means at the
surface for indicating ‘the position of sald last
named means with relation to the azimuth con-
tact, whereby the directicn of inclination of the
instrument meay be determined, gravity operated

33

40

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 circult of the motor
and associated with the compass unif, wherehy
the compass unit coritrols the motor to maintain

45
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the contact in a predetermined position, means .

for indicating the position of said contact af the
surface, means within the housing responsive to

65

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 hous-
ing adapted to be lowered into the well bore, an
inner rotatakle 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 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 g predetermined position.

65

70

6 A well survey instrument including, % hous- 78
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ing adapied 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, & compass

utdf for eontrolling the projection of light rays -
from the light source te 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 azl-
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, -

edditional electrical contacts responsive to th
inclination of the apparatus overlying the disk,
and contacts carried by the disk for engaging such
additional contacts to close electrical circuits to
sald Indicating Instrument. )

8. As a sub-combination in a well survey in-

‘strument, a welght assembly including, a verti-

caily extending rotatakble shaft, a weight rotat-
ably mounted on said shaft and adapted to always
find the low side when the instrument is inclined
from the vertical, an extension on said weight
havirg a radial arm thereon, a contact carried
by said arm, the position of said contact being
conirolled by the position of the weight and in

accordance with the inclination of the instru- -

ment, a pendulous weight pivotally suspended
within the instrument, means for connecting said
welght 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-
peratus, 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
apparatus, 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 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 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 8 radial reflecting strip therecn, 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

unit, arg means cpnnected in the motor circuit

P " e
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for actuating said motor in the event no light
rays are striking said tube, whereby sald tube
is brought back into the field of the projected
ight rays. .

11. A well survey apparatus including, an in-
strument adapted to be lowered into & 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 thelr operation by the indicating means,
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, & 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 conducter may be utl-
lized for conducting electrical power to the instru-

ment to operate said oscillators and also for trans-

mitting the electrical impulses of di¥erent fre-
quencies from said oscillaters 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,

2,517,682
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o 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 inclinometer.

15. An apparatus for surveying a bore hole in-
cluding, an instrument adapted to be lowered
into the bore hole, saild instrument including &
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 impulses 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
impulses and transposing the same into visible

. indications. ~

a single electrical conductor connecting the im-

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

!
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impulses of different frequencies from the-in- )

strument to the surface receiving and transpos-
ing means. i
13. A well survey instrument including, &
housing sdapted to be lowere:l 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, & compass unit associated

-l

4.

with said operating means for maintaining the .

contact in a predetermined ezimuthal position,
a rotating contact element adapizd 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-

60

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 sald

medium for projecting light onto said element, 75

w .
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17. An apparatus as set forth in claim 15,
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
arms.

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 mov-

able orienting element therein, compass meaps

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 im-
pulses to the surface, and means at the surface
for receiving and transposing said impulses into
visible indications. o
18. 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 com- -
pass, a movable electrical contact controlled by .
the compass to indicate the compass position,
& 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 im-
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, g circum-
ferentially movable azimuth contact, a compass -
unit independent of snd connected with the con-
tact for maintaining the same in a predeter-
mined position, gravity operated means within
the housing responsive to variations from the ver=
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tical, circumferentially movable electrical con-
tacte controlled by the gravity operated means
and movable to predetermined circumferential
positions in accordance with the position of sald
means, electrically operated devices arraaged to
be sctuated when electrical circuits aie closed
through the movable contacts to generate and

transmit electrical impulses representative of the
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position of the contacts to the surface, and time .
controlied means for periodicslly 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 recefving said impulses and transposing the
same into correlated visible indications.
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