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{(C. 234-—-5.3) 22 Claims. 

This invention relates to devices for surveying 
the trend of bore holes especially of the type 
produced in deep well drilling, wherein as is well 
known a departure from the straight and vertical 

5 is the rule rather than the exception. 
Fundamentally the object of the invention is 

to provide apparatus by means of which both 
the inclination and the direction of inclination 
of a bore hole may be measured and progres 
Sively indicated at the surface as a device is low 
ered in the hole successively from one position 
to another. Primarily all measurements are made 
electrically and are then successively conducted 
to the surface and transformed into mechanical 
energy whereby curves are continuously recorded 
for each position in which the device is placed 
in the Well, in Order that the record of the Well 
conditions may be observed substantially at the 
time that the measurements are made. 

Briefly stated the apparatus of the present 
invention comprises surface mechanism and an 
instrument adapted to be lowered into a well 
bore. The well instrument contains an earth 
inductor compass, a rotatable mounting carrying 
a pendulum free to swing in a plane parallel to 
the axis of the mounting and across a resistance 
element, a Synchronous motor for driving the 
compass and the pendulum mounting, and a 
rotary arm driven in unison with the pendulum 
mounting and in contact with a conducting ring 
conneced in electrical series with the pendulum 
and its resistance, said ring having an interrup 
tion gap in the form of a segment of insulation 
for interruping the current during each revolu 
tion. The Surface mechanism comprises a syn 
ºchronous motor generator for energizing the syn 
chronous motor in the well instrument, a com 
mutator for the earth inductor current, means 
for adjusting for the phase angle between the 
synchronous drive and the earth inductor cur 
rent, means to record said angle, and means for 
transforming electrical energy into mechanical 
energy and for continuously recording curves 
showing the current changes and indicative of 
conditions in the well instrument. In a preferred 
embodiment the transforming means is in the 
form of a galvanometer relay and a reversible 
motor controlled by the relay and actuating the 
recording means. 

50 The invention may be broadly stated as com prising the employment of an instrullent adapt 
ed to be lowered into a bore hole, the instru 
ment including an earth inductor CompaSS for 
indicating and determining directional relations, 

55 in combination with a rotated pendulum which is 
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free to swing across a resistance into the plane 
of maximum inclination during each rotation pe 
riod of the pendulum for correspondingly modify 
ing an electric current. The invention also in 
cludes means, such as the interrupter device, to 
modify a pendulum current for orienting pendu 
lum position with respect to a point having a 
known or determinable position, particularly a 
fixed point on the instrument housing. The in 
vention may be otherwise stated as covering a 
well survey instrument adapted to be lowered 
into a weil comprising a rotating shaft, a gravity 
operated member movable into the plane of maxi 
mum inclination, a rotating member driven by 
said shaft for orientation of pendulum position, 
a circuit in which said members are connected, 
and an interruption element cooperating with one 
of said members to produce indicative breaks in 
current flowing in the circuit. The employment 
of multiple switches to shift the measuring cir 
cuits with proper relation to the pendulum and 
compass movements for separately indicating 
these movements at the surface, also is of this 
invention. The invention may further be said to 
reside in the method of generating curves repre 
sentative of the electric currents, in modifying 
these curves in accordance with the inclination 
of the bore holes at any given point under meas 
urement, and in further modifying these curves 
with respect to a magnetic north for proper 
orientation of the direction of inclination. 

In the accompanying drawings, wherein one 
embodiment of the broad invention is disclosed 
simply by way of illustration: 

Fig. 1 indicates the measuring instrument per 
se in operative position within a Well, the sur 
face mechanism for supplying power to the Sur 
veying instrument, and for receiving the modified 
current impulses from the instrument and for 95 
transforming said impulses into mechanical en- º 
ergy and producing a record, being indicated dia 
grammatically; Y a " 

Fig. 2 is a vertical section through the casing 
and containing mechanism constituting the Suur 
veying instrument; 

Fig. 3 is an enlarged sectional detail showing 
in elevation the major parts of the Survey in 
strument and the electric connections; 

Fig. 3a is a cross section online 3d-3a of Fig. 3; 
Fig. 4 is a plan of the surface mechanism; 
Fig. 5 is chiefly a side elevation taken from 

the line 5-5 of Fig. 4; 
Fig. 6 is a vertical sectional detail taken from 

the line 6-6 of Fig. 4; 
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Fig. ’ is a fron; en? elevatio iki:Sir ’n lite 
;4 .Gif fig$ ;"?i? 

Fig. a is a detail in section of parts shown in 
Fig. 7. - 

Fig. 8 is a diagrammatic representation of the 
complete system of mechanical drives CCntained 
in the surface mechanism; 

Fig. 9 is a wiring diagram of the well instru 
ment; 

Fig. 10 is a wiring diagram for the Surface 
mechanism; 

Fig. 11 is a wiring diagram of the power cir 
cuit for the pendulum and resistance elements 
Of the Wel instrument; 

Fig. 12 is a wiring diagram for the pendulum 
movement circuit; 

Fig. 13 is a wiring diagram for the pendulun 
voltage circuit; 

Fig. 4 is a wiring diagram for the earth indic 
tor Compass; 

Fig. 15 is a record of a complete cycle produced 
by the present apparatus; and 

Fig. 16 is illustrative of calibrating charts re 
quired to be used to correct errors due to the 
sharp angle to the horizontal of the earth’s mag 
netic lines in the various localities. 

Before considering the structure in detail and 
in its logical order it will be helpful first to con 
sider the general construction broadly in order 
that the general relation of the primary parts 
and their functions may be better understood 
when taking up the detailed narrative. 

Briefly described, the preferred construction 
herein disclosed employs a Wheatstone bridge, of 
which two arms R1 and R2 are located in the well 
and two arms R3 and R4 are provided at the Sur 
face, The tWO arms R1 and R2. Within the Well are 
in the form of a resistance coil or the like across 
which a pendulum P is adapted to swing, the 
pendulum and said resistor together with a hous 
ing in which they are carried being continuously 
rotated so that during each cycle the pendulum 
swings in the plane of maximum inclination 
across the opposite arms R1,R2 of the bridge to 
the extent of such maximum inclination, where 
by a sine curve of voltage intercepted by the pen 
dulum may be recorded at the surface whose am 
plitude will be a direct measure of the inclina 
tion of the axis of the instrument from the ver 
tical. At the surface a galvanometer relay G is 
employed in conjunction with the two upper 
arms R3, RA of the Wheatstone bridge, whereby 
current variations through the bridge circuit will 
cause actuation of the galvanometer needle. 
This galvanometer relay, whose construction and 
operation are well understood, actually amounts 
to a galvanometer-operated automatic switch. 
This switch controls current to a reversible mo 
tor M. This motor performs two functions: 

a. To shift a contact 33 across the arms Ra 
and R4 (which are in the form of a toroid coil) 
thereby balancing the circuit; and 

b. To drive a mechanical recording rack 48 and 
pen 50 in exact proportion to the amount of ad 
justment of the contact 33. 
The driving mechanism for the entire appa 

ratus is in the form of a primary motor L pro 
vided at the surface and connected to drive a 
synchronous generator S. 
The synchronous generator S furnishes electric 

power to a synchronous motor 12 disposed within 
the instrument casing A which is adapted to be 
lowered into the well. This casing A, which is of 
suficient length to assume paralelism with the 
axis of that portion of the hole in which it is 
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938 °C 
positi Credi, ccrtª?iais the pendulum P which to 
getier with housing and resistance R1, R2 is 
adapted to be constantly rotated by the Synchro 
nous motOr 12. 
The important parts of the Surface mechanism, 

which is generally indicated at B, are the Syn 
chronous drive motor L, the synchronous gener 
ator Swhich actuates the synchronous well motor 
12, a toroidal coil 32 composed of the arms R3, R4, 
which together with adjustable contact 33 con 
stitute the upper half of the Wheatstone bridge, 
a multiple Switch Such as a drum Switchi D' for 
the various circuits, the reversible motor M, the 
recording rack 48 and pen 50, a record chart C, 
and an adjustable Synchronous commutator 80 
for an earth inductor current received from an 
earth inductor coil. i0 in the Well instrument. A 
presently to be described, said commutator being 

85 

. adapted to adjust for the phase angle between 
its position and the earth inductor voltage. 95 
The important parts contained in the well in 

strument A, are the pendulum P, the Synchronous 
notor 12, an interruptor 21, 22, 23, an earth 
inductor coil 10, and a multiple switch such as a 
drum switch. D. The interruptor is located in 100, 
the pendulum circuit and has its interruptor gap 
21 fixed with relation to the casing A, such gap 
being passed by a contact 22 rotated in unison 
with the rotation of the pendulum and its hous 
ing. The position of this gap is definitely located, 
for example in the magnetic north, before the 

105 

instrument is lowered into the well. The earth 
inductor coil 10 which is rotated at high speed 
from the synchronous motor 12 is connected with 
the synchronous commutator 80 at the surface. 110 
Before the instrument is lowered into the well, the 
parts being in Operation, said synchronous con 
mutator is adjusted to show a zero phase angle 
between the earth inductor current from coil 10 
and the position of said commutator 80. Thus 
the amount of any future adjustment of said 
synchronous commutator 80 will be a measure of 
rotation of the casing A within the well, of conse 
quent and Corresponding rotation of the inter 
ruptor gap 21, and of consequent and correspond- 20 
ing rotation of the field of the synchronous motor 
12 which has resulted in the phase angle change 
requiring the adjustment of the synchronous 
commutator 80. A recorder such as a stamp 
working opposite a fixed reference point may be 12 
used to indicate the amount of adjustment, there 
by serving to orient the instrument housing A in 
the well with respect to its interruptor gap 21 and 
magnetic north. 
The drum switches D and D' operate in unison 10 

and serve to cut the various circuits in and out 
both in the surface mechanism B and in the well 
mechanism A in Order that a single pair of lead 
lines IV and W may serve for several measuring 
circuits. This makes it necessary then to employ 1: 
in addition only those wires I, II, II which serve 
to drive the synchronous well notor 12 from the 
synchronous generator S at the surface. Current 
for the pendulum circuit is conveniently taken 
through a transformer, rectifier and filter from 140 
the power line supplying the synchronous motor 
12. 

115 

D???. Disca???? 
The surveying instrument 

The survey instrument which is adapted to be 
lowered into the well is contained in a casing A of 
sufficient length that when positioned within any 
portion of the hole being measured its axis will 
assume a position substantially parallel with the 150 
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axis of the hole somewhat as indicated in Fig. 1. 
This housing A contains an earth inductor coil 10 
which is merely an elongated flat open coil mount 
ed for high speed rotation about its longitudinal 
axis. It is driven through a suitable gear reduc 
tion 11 by a synchronous motor 12 Supplied With 
electrical energy from a motor-generator Set Li, S 
of the surface mechanism B through the medium 
of appropriate power lines I, II, III. By means 
of a second gear reduction 13, the motor 12 drives 
a pendulum housing 14 at a comparatively low 
rate, for example 2 R. P. M. Both the motor 12 
and the pendulum housing 14 are journaled in 
suitable partitions or brackets 16 within the cas 
ing A. Said housing 14 is provided with a trans 
verse vertical slot 17 in which a flat diamond 
shaped pendulum P is adapted to Swing, Said 
pendulum being pivoted within the housing as 
indicated at 18 and being mounted in such man 
ner that a circuit may be completed through it 
to a contact 19 on its lower cornel. This contact 
is adapted to travel along an arcuate resistance 
coil or other suitable resistor which may be con 
sidered to have two arms R1 and R2 at the Oppo 
site Sides of Said contact 19. Thus, When the 
device is inclined to the vertical and as the 
pendulum housing 14 is rotated, the contact 19 
will travel into the plane of maximum inclination 
increasing R1 and decreasing R2 when the one 
side of said housing 14 is on the low side, and 
again into the plane of maximum inclination 
decreasing R1 and increasing R2 when the oppo 
site side of said housing 14 is on the low side. 
Below the pendulum housing 14 the casing A 
has fixed thereto a ring 20 in which is embedded 
a spot or insert of insulation 21 adapted to 
be traversed by a contact 22 which is caused to 
travel around the ring 20 by reason of the rota 
tion of the housing 14 whose shaft 14' carries on 
its lower end a contact arm 23 provided with Said 
contact 22. By means of the lead wire 24 and 
Suitable slip rings and brushes 25, said ring 20, 
contact 22 and arm 23 are placed in circuit with 
the pendulum P and the resistance arms R1 and 
R2. This circuit however is broken when the con 
tact 22 passes across the interruption gap formed 
by the insulation 21. Thus said contact 22 and 
the arm 23 Working in conjunction with the inter 
ruption gap 21 constitute an interrupter for the 
pendulum circuit; this term "interrupter' will 
be used hereafter in referring to this part of the 
structure. A lead line 24' extends from the ring 
20 to a multiple drum switch D driven by the 
motor 12 through the medium of the shaft 14' 
and a Suitable gear reduction 26. The top ring 
of the drum switch is connected with the measur 
ing line W whereby the line 24' serves at the 
proper interval to lead the pendulum-movement 
circuits to the surface. The period of rotation of 
the drum Switch. D is that of a complete cycle 
of the apparatus, for example two minutes, and 
it serves to connect at proper intervals the vari 
ous circuits to be measured with two measuring 
lines IV and v leading to the surface equipment. 

In order that the opposite ends of the two 
resistance arms R1 and R2 which constitute the 
lower half of the Wheatstone bridge, may have a 
suitable voltage impressed thereon, lead lines 27 
and corresponding slip rings and brushes 28 lead 
from the ends of said resistance arms to a source 
of low voltage current (for example five volts), 
which may be supplied either by a battery con 
tained within the housing A or by means Such 
as indicated comprising a transformer t, rectifier 
r, condenser c, and choke coils k. Connections 

stone bridge. In this fashion the amount of ro 

hub 44, to drive a gear rack 48 which extends 

s 
eS 

27 lead to the measuring line IV and to the 
drum switch. D to which the measuring line W is 
connected as above indicated, whereby the total 
pendulum voltage may be received at the Surface. 
The earth inductor coil 10, which is suitably 

journaled in partitions or brackets 16' above the 
Synchronous motor 12, is in turn connected 
through the medium of slip rings and brushes 29 
with the measuring line IV and with the drum 
switch. D through leads 30 So that the earth in 
ductor current may be receivedi at the Surface 
at the proper intervals. 
Thus as the drum Switch. D slowly rotates it 

Successively cuts in and out the pendulum-move 
ment circuit 24, 24”, 27, the pendulum voltage cir 
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cuit 27, 27', and the earth inductor circuit 29, 30. 
The Surface equipment 

The currents carried by the measuring lines IV 
and W are conducted to the surface and led into 
a drum switch D' which is the counterpart of the 
drum switch) of the well instrument A. Thus, 
the pendulum currents are passed from the drum 
switch. D through galvanometer relay G to the 
arms Ra and R of a circular or toroidal poten- 00 
tiometer coil 32 across which a contact 33 is 
adapted to be moved through the direct influence 
of a reversible motor M. Arms R3 and R4. Of the 
toroidal coil 32 cooperate with arms R1 and R2 
of the pendulum resistance in the Well to con 
stitute the Wheatstone bridge in which the con 
tact 33 and the pendulum contact 19 are movable 
to vary the resistance of the four arms, the gal 
vanometer relay G being connected in circuit be 
tween said contacts. A storage battery SB is pro 
vided to impress upon the arms R3 and R4 exactly 
the same potential (e.g. 5 volts) as that impressed 
upon arms R1 and R2 in the well by the trans 
former t. The needle of said galvanometer relay 
G Swings between two contacts 34 to control a 
fixed voltage to a reversible motor M which is 
Supplied from power lines 40 also supplying a 
main drive motor L presently to be described. 
Motor Mis thus energized for forward or reverse 
movement according to the control of the gal 
vanometer relay G and serves to adjust the con 
tact 33 correspondingly along the armS R3 and 
R4 of the toroidal coil 32. The mechanical move 
lment of the contact 33 by the motor M is ob 
tained by means of a worm 41 on the motor shaft, 
Said worm meshing With a Worm gear 42 jour 
naled at 43 and having a geared hub 44 near the 
periphery of which the contact 33 is mounted. 
The contact 33 serves to connect the bare portions 
of the coil 32 which it engages with a slip ring 
45 carried by and insulated from coil 32, said 
slip ring being connected by a lead 46 with the 
galvanometer relay G. 
In this manner the current supplied to the gal 

vanometer G from the pendulum circuit within 
the well acts to control the reversible motor M 
to shift the contact 33 between the armS R3 and 
R4 of the toroidal coil 32 to balance the Wheat 
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140 
tation of the motor M forWard and reverSe COn 
stitutes a measure of the movement of the pen 
dulum P across the arms R1 and R2. A record of 
this motion is obtained by causing the geared 

45 
along a guide 49 to the opposite side of the ap 
paratus and carries at its end a recording pen 50. 
The pen 50 is thus moved across a record chart 
C which is slowly advanced simultaneously as 
hereinafter developed. Spring pressed rollers 52 50 
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serve to retain rack i8 in its guide and hereby 
iaintain recording engagement of the ge. 
The main drive motor , is direct connected to 

drive a Synchronous generator S, thus forming 
a motor generator Set which as previously indi 
cated is connected through the power lines , , 
and I with the Synchronous motor 12 located 
Within the Well instrument housing A, whereby 
the motor 12 necessarily operates in Synchronism. 
With generator S. The motor shaft I' of Said 
motor L is provided with a spiral gear 55 engag 
ing a Second Spiral gear 56 which drives a shaft 
57 having On its upper end a Worm 58 driving 
a Worm gear 59 mounted on a horizontal shaft 60 
known as the drun-switch drive shaft Since it 
carries a worn 61 driving a Worm gear 62 On 
a drum shaft 63 provided with a plurality of con 
tact rings 64 constituting the drum Switch. O'. 
This drum Switch. D' is rotated at the Same rate 
as the drum Switch. D in the well instrument A, 
and Serves through the medium of a plurality 
of spring contact fingers 65 mounted on an in 
sulating post 66 to connect the various circuits 
at proper intervals. An extension of the drum 
switch drive shaft 60 beyond a vertical partition 
wall W. carries a gear 70 meshing with other 
suitable gearing 71 having proper speed reduc 
tion values and connected to drive a paper roll 
72 for moving a record sheet C with its record 
chart across a suitable platform beneath guide 
rolls 75. Thus as the recording pen 50 on rack 
48 is reciprocated through the agency of the re 
versible motor Ma, record curve of the operations 
within the well is recorded upon the slowly mov 
ing chart C. 
In order that the earth inductor current fur 

nished from the earth inductor coil 10 in the Well 
instrument A may be commutated, a Synchro 
nous commutator 80 is provided. This commu 
tator is mounted upon a rotating shaft 81 driven 
at identically the same Speed as the earth in 
ductor 10 from the shaft 57 by a gear train, 82, 83. 
Spring feed brushes 84 and take-off brushes 85 
are mounted on adjustable insulating arms 86 
arranged parallel with the axis of the commuta 
tor drive shaft 81, said arms being carried on a 
head 87 which in turn is carried by a depending 
shaft 88 journaled in the Super-structure. Said 
shaft 88 is provided with slip rings 89 connected 
with the brushes 84 and 85, these slip rings be 
ing engaged by spring brushes 90 carried on an 
insulating post 91 and connected to Suitable leads 
92. The commutator brushes 84 and 85 are 

? ???? ? ... 

adapted to be adjusted to correct for any phase 
angle which may develop, as at starting, between 
the earth inductor current and the position of 
the Synchronous generator S and synchronous 
motor 12. The phase position of the generator 
S and motor 12 is represented by the position of 
Said commutator 80 with respect to its brushes 84, 
85, since said commutator 80 is driven directly 
from the drive motor L. Adjustment of the con 
mutator brushes 84 and 85 is accomplished 
through the medium of an adjusting shaft 93 
carrying a worn 94 engaging a worn gear 95 on 
shaft 81, said adjustment shaft 93 being actuated 
manually by a hand wheel 96 conveniently posi 
tioned above the chart C. 

In order that this commutator adjustment may 
be accurately made and may be measured and 
recorded, a galvanometer 100 and a filter i01. 
(Fig. 10) are connected in circuit with the con 
mutator 80, and the hand wheel 96 is employed 
to cause the shaft 93 and its worm 94 to miove 
the shaft 8 and the brushes 84 and 85 until the 

galva2Cmeter 100 reads zero. The earth induc 
tor circuit and the commutator are now in phase, 
and the angle through which the brushes 84 and 
85 have been moved represents the amount of 
angular displacement of the instrument housing 
A, and consequently of the interruption gap 21 
in the Well instrument. A from the magnetic 
north, assuming that the original or zero posi 
tion of Said gap was in the magnetic north. For 
the purpose of indicating and recording the de 
gree of this angular displacement a graduated 
circular Scale is provided on a disc 105 friction 
ally mounted upon a worm gear 106 which is 
driven by Worm 107 carried by the adjusting shaft 
93. Assuming a zero setting of the scale 105 op 
posite Some fixed indicator such as a pointer 108, 
the gear 106 and disc 105 operate through a key 
and groove driving connection at 104 to drive a 
vertical shaft 109 mounted in a supporting 
bracket 110. Shaft 109 has secured on its lower 
end a recording element 111 such as a graduated 
printing head or stamp whose reading will be 
taken from some fixed reference point or zero 
position such as the vertical diameter of its in 
pression when made on the record chart C. 
Thus when the wheel 96 and shaft 93 are ad 
justed, the worm gear 106, the graduated disc 
105 and stamp 111 are correspondingly adjusted. 
To take the reading of the stamp 111, a knob 112 
on the upper end of the shaft 109 is depressed so 
that the position of the stamp is recorded on the 
chart. A spring 113 normally maintains the 
knob 112 and the stamp 111 in elevated position. 
The spring 113 also serves to maintain a Suffl 
ciently firm friction engagement between the 
disc 105 and the gear 106to insure that the latter 
will drive the disc without slippage. 
The reason for providing this friction drive 

between gear 106 and disc 105 is that when start 
ing up the apparatus and preparing to lower the 
instrument A into the well with the interruption 
gap 21 in zero position, i.e. in the magnetic north, 
the brushes 84 and 85 must be adjusted by means 
of the wheel 96 to synchronize the earth inductor 
coil 10 with the generator S and the Well motor 
12. This therefore is the zero setting of the 
brushes, and it is necessary that the scale 105 
and stamp 111 also be set at zero. The latter 
adjustment is accomplished simply by forcibly 
rotating the knob 112 and shaft 109 to move the 
disc 105 against its frictional engagement with 
gear 106 and to bring '0' opposite the pointer 
108. The Worm connection between gear 106 
and worm 107 locks the shaft 93 against any such 
movement as might affect the adjustment of the 
brushes 84 and 85. It is to be understood that 
this adjustment is made only when first placing 
the mechanism in operation preparatory to low 

... ering the instrument A into a well. 
It is also necessary to provide for an initial ad 

justment of the drum switch ID' of the Surface 
mechanism B in order to bring said switch into 
synchronism with the drum switch. D in the well 
instrument A. Such provision is shown in Fig. 
6 where the worm gear 62 on drum shaft 63 is 
provided with one element 120 of a clutch whose 
other element 121 is fixed on the lower portion 
of said shaft 63, the latter being divided as indi 
cated in order to provide for adjustment of the 
lower portion with respect to the upper portion. 
A spring 122 serves normally to maintain clutch 
engagement. In order that the clutch part 121 
and the lower portion of shaft 83 may be inde 
pendently rotated to adjust the drum switch D', 
the lower clutch part 121 (whose hub is jour 
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it is to be understood that the disclosures 

herein are to be considered merely as illustra 
tive and not as limiting, since many modifica 
tions within the scope hereof may be made by 
those skilled in the art. 

I claim: 
1. A Well Survey instrument comprising a ro 

tating shaft, a pendulum cooperating therewith 
and movable into planes of maximum inclina 
tion, an orienting member rotated by said shaft 
for Orientation of said plane, and an earth in 
ductor compass having a rotatable element con 
nected with and driven by said shaft. 

2. A well Survey instrument comprising a ro 
tating shaft, a pendulum cooperating therewith 
and rotatably driven with the shaft and mov 
able into the plane of maximum inclina 
tion, orienting means including a member ro 
tated by said shaft for orientation of said plane, 
an electric circuit in which the pendulum and 
orienting member are connected for correspond 
ing modification of current flowing there 
through, and a compass indicative of relative 
direction. 

3. A structure according to claim 2 wherein 
the orienting means includes an interrupter for 
the current. 

4. A structure according to claim 2 wherein 
the compass is an earth inductor compass. 

5. A well Survey instrument comprising a ro 
tating shaft, a pendulum cooperating there 
with and movable into the plane of maximum 
inclination, an orienting member rotated by 
Said shaft for Orientation of said plane, an elec 
tric circuit in which the pendulum and orienting 
member are connected for corresponding modi 
fication of current flowing therethrough, and 
an earth inductor compass having a rotatable 
element and a driving connection between said 
element and the rotating shaft. 

6. A well Survey instrument adapted to be 
lowered into a well comprising a rotating shaft, 
a gravity Operated member movable into the 
plane of maximum inclination, a rotating mem 
ber driven by said shaft for Orientation of 
pendulum position, a circuit in which said mem 
bers, are connected, and an interruption elle 
ment cooperating with the rotating orienting 
member to produce indicative breaks in current 
flowing in the circuit for purposes of orientation. 

l. An instrument according to claim 6 wherein. 
the orienting member is an earth inductor 
CompaSS. 

8. A well survey instrument comprising a 
rotating shaft, an orienting member constantly 
rotated thereby, a gravity member cooperating 
with said orienting member and movable into a 
plane of maximum inclination, an electric circuit 
in which said members are connected, an in 
terrupter cooperating with one of said mem 
bers to produce indicative breaks in a current 
flowing in said circuit, and a second member 
also rotated by said shaft to indicate relative 
direction. w 

9. A structure according to claim 8 wherein 
the interrupter includes an interruption gap 
positioned to cooperate with the orienting mem 
ber for the purpose of indicating a directional 
position of the gravity member. 

10. A structure for Surveying deep Wells con 
prising an instrument adapted to be lowered into 
a well, devices in said instrument electrically 
sensitive to deviation from the vertical and to 
rotational displacement of the instrument hous 
ing, a circuit in which Said devices are connected, 

certain of said devices being adapted to modify 
the current in accordance with maximum devia 
tion of the instrument from the vertical, and 
certain of said devices being adapted to modify 
said current further for indication of the plane 
of maximum inclination with respect to the ro 
tational position of said housing. 

11. A structure according to claim 10 includ 
ing a compaSS indicative of relative directicn. 

12. A structure according to claim 10 includ 
ing an earth inductor compass and means to 
correlate the compass reading with the position 
Of the instrument housing. 

13. A Structure for surveying deep wells com 
prising an instrument adapted to be lowered into 
a well, devices in said instrument electrically 
Sensitive to deviation from the vertical and to ro 
tational displacement of the instrument housing, 
a circuit in which Said devices are connected, cer 
tain of Said devices being adapted to modify the 
current in accordance with maximum deviation 
of the instrument from the vertical, and certain 
of Said devices being adapted to modify said cur 
rent further for indication of the plane of max 
imum inclination with respect to the rotational 
position of Said housing, an earth inductor com 
paSS Carried in Said housing, means for commu 
tating the earth inductor current, means for syn 
chronously driving Said electrically sensitive de 
vices, and means for adjusting the phase. angle 
between said driving means and the earth in 
ductor current to determine directional changes. 

14. A well survey means comprising surface 
mechanism and an instrument adapted to be low 
ered into a well, a Synchronous motor-generator 
in said surface mechanism, a synchronous driven 
motor in said instrument, devices in said instru 
ment electrically sensitive to deviations from the 
vertical and to rotational displacement of the 
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instrument, said devices being adapted to modify 115 
a current passed through said devices in acCord 
ance with deviation and rotational displacement 
respectively, means to receive said current modi 
fications, an earth inductor compass in Said in 

120 strument, meansto commutate the earth inductor 
current, and means to adjust for the phase angle 
between the synchronous drive and the earth 
inductor current. 

15. A structure according to claim 14 in comi 
bination with means in the surface mechanism 125 
controlled by the receiving means for producing 
a record curve showing the modifications in the 
current from the electrically sensitive devices, and 
means for indicating and recording the phase 
angle adjustment for the earth inductor current. 130 

16. A structure according to claim 14 includ 
ing a single set of conducting lines between the 
surface mechanism and the well instrument, and 
automatic switching means for Selectively Switch 
ing the earth inductor circuit and the sensitive- 135 
devices circuit in and out of connection with said 
lines. 

17. A well survey instrument adapted to be low 
ered into a bore hole, comprising a pendulum, a 
mounting for said pendulum, means for posi 
tively driving said mounting through a cycle, 
and a resistance across which said pendulum 
swings during rotation of said mounting when 
the axis of the mounting is inclined. 

18. A structure according to claim 17 includ 
ing an earth indüuctor compass for, orienting the 
plane of maximum inclination of the pendulum, 
in combination with Surface mechanism for re 
cording the inclination and Orientation. 
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is. A well survey instrument comprising a pen- 150 
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