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MEANS AND METHOD FORTIME-SHARING 
MULTCHANNEL WELL LOGGING 

BACKGROUND OF INVENTION 

1. Field of the Invention 
The present invention relates to well logging systems 

and, more particularly, to a multichannel well logging 
system. 

2. Description of the Prior Art 
Heretofore, multichannel well logging systems use a 

conductor in a cable for each channel in transmitting 
information from the downhold sensors to the surface 
logging equipment. This type of logging equipment 
requires multiconductor cables which present several 
problems. The number of conductors in a cable limits 
the number of channels that can be used. If enough 
conductors are used, the cable may become unwieldy. 
Another problem with a multiconductor cable is that 
substantial cross talk may exist between conductors 
which would affect the well logging. A third problem is 
economics; a multiconductor cable is usually more ex 
pensive than a single conductor cable. 
The present invention offers an almost unlimited 

number of channels for the logging of conditions of a 
borehole. It presents a unique arrangement for time 
sharing by which a single conductor can handle many 
channels and thereby eliminate cross talk and reduce 
cost while using a cable having less bulk for trans 
mitting data from the borehole to the surface. 

SUMMARY OF THE INVENTION 

A system for providing a plurality of outputs, each 
output corresponding to a different condition. The 
system includes a plurality of sensors, each sensor 
sensing a different condition and providing pulses cor 
responding in number to the condition. A circuit con 
nected to the sensors is responsive to the pulses from 
the sensors to provide a pulse train. Each cycle of the 
pulse train may be divided into time intervals, with the 
number of pulses in each time interval corresponding 
to a different sensed condition. A network separates 
the pulses in the pulse train according to the time inter 
vals and applies the separated pulses to different output 
circuits. Each output circuit provides the output cor 
responding to a condition in accordance with the 
separated pulses for a particular time interval. 
One object of the present invention is to use a plu 

rality of sensors to sense different conditions and to 
transmit the outputs of the sensors to a receiver by a 
single conductor. 
Another object of the present invention is to use sen 

sors in a borehole to provide pulses which correspond 
in numbers to the sensed conditions, and to transmit 
the complements of the numbers corresponding to the 
conditions to a receiver. 
Another object of the present invention is to 

synchronize operation of the well logging electronics in 
a borehole with the surface well logging electronics so 
that pulses in a pulse train from the borehole elec 
tronics may be separated by the surface electronics ac 
cording to time interval. 
Another object of the present invention is to transmit 

digital signals corresponding to different information at 
different time intervals so that the digital signals may be 
separated according to time interval and thereby 
require only one signal path for the transmission of the 
digital signals. 
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2 
Another object of the present invention is to provide 

a multichannel well logging system having the capabili 
ty of increasing or decreasing the number of operative 
channels by merely setting switches. 
The foregoing and other objects and advantages of 

the invention will appear more fully hereinafter from a 
consideration of the detailed description which follows, 
taken together with the accompanying drawings 
wherein one embodiment of the invention is illustrated 
by way of example. It is to be expressly understood, 
however, that the drawings are for illustration purposes 
only and are not to be construed as defining the limits 
of the invention. 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 are simplified block diagrams of a well 
logging system constructed in accordance with the 
present invention, for providing readouts of a plurality 
of sensed conditions of a borehole. 

FIGS. 3 and 4 are diagrammatic representations of 
wave forms occurring during operation of the well 
logging system shown in FIGS. 1 and 2, respectively. 

FIGS. 5 through 11 are detailed block diagrams of 
the clock, the control circuit, the commutator, the col 
lar detecting channel, the sync pulse channel, a data 
channel, and the reset pulse circuit, respectively, 
shown in FIG. 1. 

FIGS. 12 through 16 are detailed block diagrams of 
the separator circuits, the clock circuit, the delay sync 
circuit, the storage commutator, and a data storage cir 
cuit, respectively, shown in FIG. 2. 

DESCRIPTION OF THE INVENTION 
In a preferred embodiment of the invention, a trans 

mitter 1, shown in FIG. 1, in a borehole provides a 
pulse train E, to a receiver 2 outside of the borehole, by 
way of a single conductor. Each cycle of pulse train E, 
is divisible into several time intervals. The number of 
pulses in some of the time intervals correspond to dif 
ferent conditions of the borehole or of the earth's for 
mation traversed by the borehole. 

Referring now to FIG. 1, a clock 3 provides timing 
pulses E and E, as shown in FIGS. 3A and 3B, 
respectively. Timing pulses E are used in the genera 
tion of control signals, as hereinafter explained, while 
timing pulses E are used with the various channels, as 
hereinafter explained. Timing pulses E are delayed 
from timing pulses E, so that a control signal will not 
start simultaneously with a timing pulse E, so as to 
avoid an ambiguous situation. Clock 3, shown in detail 
in FIG. 5, includes a conventional type oscillator 9 con 
nected to ground 28 and providing a signal to a 
monostable multivibrator 10 which, in turn, provides a 
pulse train to a flip-flop 11. Flip-flop 11 changes state 
in response to each pulse from multivibrator 10. Dif 
ferentiating circuits 12, 12A differentiate the Q, O out 
puts from flip-flop 11 to provide positive and negative 
spike pulses. Diodes 14, 14A connected to differentiat 
ing circuits 12 and 12A, respectively, shunt the nega 
tive spike pulses to ground 28 so that only positive 
spike pulses are applied to inverting amplifiers 16, 16A 
by differentiating circuits 12 and 12A, respectively. 
Amplifiers 16, 16A provide timing pulses E and E, 
respectively. It should be noted that since the O output 
is 180' out of phase from the Q output from flip-flop 
11, timing pulses E are delayed in time from timing 
pulses E. 
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Timing pulses E are applied to a control circuit 7, 
which provides a pulse train E, shown in FIG. 3C, to a 
commutator 18 whose pulses initiate the time intervals 
previously mentioned. Control circuit 7, shown in 
detail in FIG. 6, includes conventional type flip-flops 
25, 26, and 27 connected as a three-stage counter. 
Control circuit 7 also includes another flip-flop. 28 hav 
ing its toggle input connected to the Q output of flip 
flop 25, its set input receiving a positive direct current 
voltage, and its clear input connected to ground 28. 
After the flip-flops are reset by a reset pulse E, shown 
in FIG. 3D, the first two timing pulses E cause the Q 
output of flip-flop. 28 to change from a low level direct 
current voltage to a high level direct current voltage. A 
differentiating circuit 32, which may be of a conven 
tional type, differentiates the change in level offlip-flop 
28 Q output to provide a positive spike pulse E, as 
shown in FIG. 3E. Flip-flop. 28 will not change state 
again until reset by pulse E, so that differentiating cir 
cuit 32 provides pulse E in response to every second 
timing pulse E, after reset pulse E4. 
A conventional type differentiating circuit 33 dif 

ferentiates the Q output flip-flop. 27 to alternately pro 
vide negative and positive spike pulses E, as shown in 
FIG. 3F, as flip-flop. 27 changes state in response to 
every fourth timing pulse E. The positive pulses E, 
E are inverted and passed by an OR gate 36 to a non 
inverting amplifier 37 which provides pulse train Es to 
commutator 18, while the negative pulses E are 
blocked by OR gate 36. 

Referring to FIG. 1 again, commutator 18 provides 
control signals E through E, shown in FIGS. 3G 
through 3K, respectively, to a collar detecting channel 
16, a sync pulse channel 20, and to data channels 22, 
22A and 22B, respectively. Each control signal con 
trols a different channel so that timing pulses E. from 
clock 3 may enter the channel in a particular time in 
terval of each cycle of pulse train E, provided to the 
receiver and so that the channel may provide a pulse 
output which will become part of pulse train E, during 
the particular time interval. The number of control 
signals provided by the commutator 18 may be added 
to or subtracted from as hereinafter explained. Com 
mutator 18 also provides the last control signal in time 
as signal Es to a reset pulse circuit 40 which provides 
reset pulse E1. 
As shown in FIG. 7, commutator 18 includes flip 

flops 42 through 46 connected in a manner so that only 
one flip-flop is in a set state at any one time and that 
flip-flops 42 through 46 change states in sequence in 
response to the pulses in pulse train Es from control cir 
cuit 7. When a flip-flop is in a set state, its O output is a 
low level direct current voltage. Control signals E 
through E are the Q outputs from flip-flops 42 
through 46, respectively. 
Commutator 18 also includes a rotary switch 48 

which may be set to control the number of operative 
data channels. When switch 48 is set at a position 
shown in FIG. 7, switch 48 passes control signal E as 
signal E. Switch 48 may be set so that as few as two 
control signals are used. 
The breaks shown with flip-flop 46 indicate that ad 

ditional flip-flops may be added between the breaks to 
provide more control signals, if desired. 
When reset pulse E is applied to flip-flop 42, flip 

flop 42 will change to a set state since its set input is 
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4. 
receiving a positive direct current voltage. However, 
since the Q of flip-flop 42 is now a high level direct cur 
rent voltage, the O output must be applied to the clear 
input to flip-flop 43 otherwise flip-flop 43 would also 
be set by the reset pulse. The O output of flip-flop 42, 
which is now a low level direct current voltage, is ap 
plied to the set input of flip-flop 43 so that on next 
pulse in pulse train E flip-flop 43 is set. The Q and O 
outputs of flip-flops 43 through 45 are applied to the 
set inputs and the clear inputs, respectively, of flip 
flops 44 through 46, respectively, since none of those 
flip-flops are set by reset pulse E. 

Collar detecting channel 16, shown in detail in FIG. 
8, is rendered operative during a first time interval T of 
each cycle of pulse train E by the low level of control 
signal E, from flip-flop 42 to provide a pulse signal Eo. 
Pulse signal E, shown in FIG. 3L, has one pulse when 
a collar has been detected and two pulses when a collar 
has not been detected. Collar detecting channel 16 in 
cludes a collar detector 50, which may be of the type 
that uses a changing flux field when a collar is passed to 
provide a pulse. Detector 50 provides a pulse when a 
collar is detected to a flip-flop 52 through an OR gate 
53 toggling flip-flop 52 to a set state. Control signal E, 
from commutator 18 is applied to a NAND gate 55, 
which is already partially enabled by a low level direct 
current voltage from the Q output of a flip-flop 58, 
causing NAND gate 55 to pass and invert timing pulses 
E. to flip-flop 52 and to an amplifier 59 in transmitter 
1 through an OR gate 60 as pulse signal E. When de 
tector 50 has detected a collar, flip-flop 52 is in a set 
state and the first timing pulse E passed by NAND 
gate 55 toggles flip-flop 52 to a clear state. The chang 
ing level of the Q output from flip-flop 52 toggles flip 
flop 58 to a set state causing the Q output from flip-flop 
58 to change to a high level thereby disabling NAND 
gate 55. The disabled NAND gate 55 blocks timing pull 
ses E so that only one pulse is passed to amplifier 59 
during time interval T. Since the set and clear inputs to 
flip-flop 58 are receiving a positive direct current volt 
age and being connected to ground 28, respectively, 
flip-flop 58 will not change state until reset by reset 
pulse E. When detector 50 has not detected a collar, 
flip-flop 52 is not in a set state when control signal E. 
enables NAND gate 55. The first passed pulse E sets 
flip-flop 52 while the second passed pulse E clears 
flip-flop 52 causing it to set flip-flop 58 so that NAND 
gate 55 is disabled after passing two pulses to the 
receiver as pulse signal E. Pulse signal E. from 
NAND gate 55 is applied to an amplifier 59 through an 
OR gate 60 which in turn provides pulse train E, in ac 
cordance with signal Eo and other signals from other 
channels. 
During time interval T, of each cycle of pulse train 

E., control signal Es activates sync pulse channel 20, 
shown in detail in FIG. 9, to provide a sync pulse E, 
through OR gate 60 to amplifier 59. Sync pulse E, 
shown in FIG. 3M, is used to synchronize the operation 
of receiver 2 with transmitter 1 every cycle, as 
hereinafter explained. Sync pulse channel 20 includes a 
flip-flop 61 which provides a low level direct current 
voltage to a NAND gate 63, when flip-flop 61 is in a 
clear state, to partially enable NAND gate 63. Control 
signal E also partially enables NAND gate 63 during 
time interval T, so that a timing pulse E is inverted 
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sync pulse Eas. Complement commutator 120 develops 
control signal E through Es, shown in FIGS. 4K 
through 4N, respectively, in accordance with positive 
timing pulses Eas and delayed sync pulses Es. 
Timing pulses Eas entered by a storage circuit are ap 

plied by the storage circuit to a corresponding integra 
tor 122, 122A, 122B or 122C, which may be of a con 
ventional type, as a pulse signal Eso, Esoa or Esos, 
respectively. The integrated outputs from integrators 
122 and 122A are applied to a recorder 123, which 
may be of the type manufactured by the Leeds & 
Northrup Company as a Speedomax G recorder. 
Recorder 123 provides a log of the conditions sensed in 
the borehole in accordance with the integrated outputs 
from integrators 122 and 122A. Integrators 122B and 
122C and recorder 124A are connected and operate in 
a similar manner as integrators 122, 122A, and 
recorder 124. 

Separator circuit 105, shown in detail in FIG. 12, in 
cludes conventional type comparators 128, 129 receiv 
ing pulse train E from pulse shaper 101 and direct 
current reference voltages E. and Ess, respectively. 
The amplitude of reference voltage Ess is such that all 
pulses in pulse train Es cause comparator 128 to pro 
vide an output to trigger a monostable multivibrator 
134. When triggered, multivibrator 134 provides a 
pulse output which is differentiated by differentiating 
circuit 136 to provide a positive and negative spike 
pulse to an AND gate 140. 
The amplitude of reference voltage Ess is such that 

only the sync pulses in pulse train Es cause comparator 
129 to trigger another monostable multivibrator 143. 
Multivibrator 143 when triggered provides a positive 
pulse which triggers yet another monostable mul 
tivibrator 145 to provide an enabling pulse to an AND 
gate 148. AND gate 148 also receives timing pulses Ess 
from clock circuit 110. AND gate 148 passes a timing 
pulse E when multivibrator 145 provides an enabling 
pulse which is subsequently inverted by an inverter 152 
and amplified by amplifier 153 to become sync pulse 
Ess. 
When multivibrator 143 provides a positive pulse, 

the positive pulse is inverted by an inverter 157 and ap 
plied to AND gate 140 to disable AND gate 140. When 
disabled, AND gate 140 blocks the positive and nega 
tive spike pulses resulting from the triggering of mul 
tivibrator 134 caused by the same pulse in pulse train 
E. that caused multivibrator 143 to be triggered. The 
net effect is that there is an absence of a data pulse E. 
when sync pulse Ess occurs to provide for the condition 
that a data pulse can occur simultaneously with a sync 
pulse in pulse train E. 
Clock 110 is similar to clock 3, except that clock 110 

includes an oscillator 157 having a frequency 100 times 
greater than the frequency of oscillator 9. Oscillator 
157 triggers a monostable multivibrator 158 which in 
turn triggers a series of flip-flops, connected in a con 
ventional manner, to comprise a scaling circuit 159. 
Scaling circuit 159 provides one pulse for every one 
hundred pulses from multivibrator 158 and is periodi 
cally reset by sync pulse Ess to minimize any frequency 
error between clock 3 and clock 110. The Q, Q outputs 
of the output flip-flop in scaling circuit 159 are applied 
to differentiating circuits 160 and 160A, respectively. 
Differentiating circuit 160, a diode 161, and an amplifi 
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8 
er 163 are connected and operate in the same manner 
as differentiating circuit 11, diode 14 and amplifier 16, 
to provide timing pulses Ess. Differentiating circuit 
160A, a diode 161A, and an inverting amplifier 164 are 
connected and operate in a similar manner as dif 
ferentiating circuit 11, diode 14, and amplifier 16, to 
provide timing pulses Ess. Timing pulses Ess are 
delayed in time from timing pulse Es for the same 
reason that timing pulses E are delayed in time from 
timing pulses E. 

Referring to FIGS. 2 and 14, sync pulses Esa are ap 
plied to sync delay circuit 109 which provides a 
delayed sync pulse E, shown in FIG. 4D, for every 
sync pulse Ess. Each sync pulse Ess resets a flip-flop 166 
and a three stage counter including flip-flops 167, 168, 
and 169. When flip-flop 166 is reset to a clear state, its 
O output is a low level direct current voltage which 
enables a NAND gate 175. NAND gate 175 inverts and 
passes timing pulses Ess from clock circuit 110 when 
enabled and blocks timing pulses Ess when disabled by 
a high level direct current voltage from flip-flop 166 Q 
output. The pulses from NAND gate 175 are inverted 
by an inverter 178 and counted by flip-flops 167, 168 
and 169. The Q output of flip-flop 169 changes from a 
low level to a high level direct current voltage while the 
Q output changes in an opposite sense in response to 
the fourth inverted pulse from inverter 178. The 
change in the O output from flip-flop 169 is dif 
ferentiated by a differentiating circuit 180 to provide a 
negative spike pulse to a diode 181 which shunts the 
negative spike pulse to ground 28. Flip-flop 166 is not 
affected by the change in the Q output from flip-flop 
169 from a low level to a high level direct current volt 
age. 

Flip-flop 169 again changes state in response to the 
eighth inverted pulse so that its O output changes to a 
high level direct current voltage. The O output is dif 
ferentiated by a differentiating circuit 180 to provide a 
positive spike pulse, which is not shunted to ground 28 
by diode 181, to a noninverting amplifier 185 which 
amplifies the positive spike pulse to provide delayed 
sync pulse E. The change in the Q output from flip 
flop 169 toggles flip-flop 166 to a set state causing the 
O output of flip-flop 166 to change to a high level 
direct current voltage, thereby disabling NAND gate 
175. Flip-flop 166 remains in the set state until reset by 
sync pulse Esa since its set input is receiving a positive 
direct current voltage and its clear input is connected 
to ground 28. 

Storage commutator 118, shown in detail in FIG. 15, 
includes a counter comprising flip-flops 203 through 
206, which may be of the type manufactured by Texas 
Instruments as circuit type SN 5470, and an amplifier 
210 for providing a pulse train E, as shown in FIG. 4T. 
The counter is preset to a count of three by sync pulse 
Ess. There are 32 Ess pulses for every sync pulse Ess 
Pulse train E has negative pulses coinciding with the 
5th, 13th, and 29th E. pulses after each sync pulse Ess. 
Flip-flops 203, 204, and 205 count timing pulses Ess 
and the Q output of flip-flop 205 is differentiated by a 
differentiating circuit 206 to provide positive spike pull 
ses and negative spike pulses. The positive spike pulses 
are shunted to ground 28 by a diode 207, while the 
negative spike pulses are amplified by amplifier 210 to 
provide pulse train E. 
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Storage commutator 118 also includes flip-flops 220 
through 223, each flip-flop being reset by sync pulse 
E. and having pulse train E from amplifier 210 ap 
plied to its toggle input. Flip-flops 220, 221 and 222 are 
connected and operate in a manner similar to flip-flops 
42, 43 and 44 of commutator 18, shown in FIG. 7. 
After being reset to a clear state, flip-flops 220, 221 
and 222 change to a set state and then back to the clear 
state in sequence in response to pulse train E to pro 
vide control signals Esa Es and Eo. 
The breaks shown with flip-flop. 222 indicate that ad 

ditional flip-flops may be added between the breaks to 
provide more control signals, if desired. 

In the generation of pulse train E, in the borehole, 
the collar detecting time interval T precedes the sync 
pulse time interval T, and each cycle of pulse train E, is 
initiated by reset pulse E. However, the cycle of 
operation in the surface electronics is initiated by the 
sync pulse E, in pulse train E, so that time interval T 
must follow the last time interval assigned to a data 
channel. In this instance the time interval may be 
changed by operation of switch 48 in commutator 18. 
A double check manually operative rotary switch 225 
permits time interval T to follow the last time interval 
assigned to a data channel, as hereinafter explained. 
The O output of flip-flop. 220 and the Q outputs from 

flip-flops 221, 222 are connected to different terminals 
of one deck of rotary switch 225. The Q output of flip 
flop 220 and the O outputs of flip-flops 221, 222 are 
connected to corresponding terminals of a second deck 
of switch 225. The poles for the first and second decks 
of switch 48 are connected to the set and the clear in 
puts, respectively, of flip-flop 223. Switch 225 may be 
changed to a position corresponding to the number of 
operative channels. Flip-flop 223 follows in sequence 
the flip-flop to whose outputs flip-flop 223 is connected 
to through switch 225. 
Complement commutator 120 is identical in con 

struction and operation to storage commutator 118, ex 
cept that commutator 120 is reset by delay sync pulse 
E. from sync delay circuit 104 instead of sync pulse 
E. This results in complement commutator 120 
providing control signals Es through E which are 
delayed in time from control signals E through E, 
respectively, from storage commutator 118, 
Data storage circuit 114, shown in detail in FIG. 16, 

includes NAND gates 253 and 254, OR gate 257, flip 
flops 260 through 263, and noninverting amplifier 266. 
NAND gate 253 is controlled by control signal Es from 
storage commutator 118 so that data pulses E. from 
separator circuit 105 are inverted and passed during 
time interval T, and blocked during the other time in 
tervals. The passed pulses from NAND gate 253 are ap 
plied through OR gate 257 to a three-stage counter 
comprising flip-flops 260,261 and 262. Upon termina 
tion of time interval T, the count in flip-flops 260,261 
and 262 is the complement of the condition count that 
was in flip-flops 70,21 and 72 in data channel 22. 
NAND gate 254 is partially enabled by the Q output 

from flip-flop 263 so that when control signal E. 
changes to a low level direct current voltage, NAND 
gate 254 is fully enabled and inverts and passes timing 
pulses E to OR gate 257. OR gate 257 inverts and 
passes the pulses to the counter comprising flip-flops 
260,261 and 262. 
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When the flip-flops 260, 261 and 262 reach a count 

of eight, the Q output from flip-flop. 262 changes from a 
high level to a low level direct current voltage which 
toggles flip-flop 263 to a clear state. While in the clear 
state, the Q output from flip-flop. 263 is a high level 
direct current voltage which disables NAND gate 254 
causing NAND gate 254 to block timing pulses Es. The 
set input of flip-flop 263 receives a positive direct cur 
rent voltage while the clear input is connected to 
ground 28 so that flip-flop. 263 when toggled to the 
clear state remains in the clear state until reset. Control 
signal Ess is amplified by amplifier 266 and applied to 
flip-flop. 263. The trailing edge of control signal Ess 
resets flip-flop 263. 
The pulses inverted and passed by NAND gate 254 

are also applied to integrator 122 as signal Eso. The 
number of pulses E equals the count of eight less the 
complement count in flip-flops 260, 261 and 262, or 
number of pulses E = 8 - complement count 2. How 
ever, the complement count is equal to the number of 
pulses E. occurring during time interval Ts, so that 
equation 2 may be rewritten as number of E pulses = 
8-number of Epulses 3. Substituting for the number 
of Es pulses from equation 1, equation 3 may be 
rewritten as number of E pulses = 8 - (8 - the condi 
tion count) 4. which reduces to number of Eso pulses - 
the condition count 5. 
Data storage circuits 114A and 114B are constructed 

and operated in a manner identical to data storage cir 
cuit 114. Collar storage circuit 115 is similar to data 
storage circuit 114, except that collar storage circuit 
115 has two flip-flops corresponding to flip-flops 260, 
263 in data storage circuit 114. The O output of the 
flip-flop corresponding to flip-flop. 260 is applied to the 
toggle input of the flip-flop corresponding to flip-flop 
263. The maximum number of pulses E provided by 
collar storage circuit 115 in a cycle is two. 
Although the present invention is shown as providing 

outputs corresponding to different conditions, it may 
also be used with radioactive sensing means well known 
in the art, such as a detector and photo-multiplier tube. 
The pulses from the photo-multiplier tube are applied 
to a conventional type pulse height analyzer. The pulse 
outputs from the analyzer are applied to different data 
channels as signals Es through Es where they are 
processed as heretofore described. 
The device of the present invention, as heretofore 

described, uses a plurality of sensors to sense different 
conditions and to transmit the output of the sensors to a 
receiver by a single conductor. The sensors are in a 
borehole and provide pulses which correspond in 
number to the sensed conditions and the complement 
of those numbers are transmitted to a receiver. The 
device of the present invention, as heretofore 
described, synchronizes the operation of the elec 
tronics in a borehole with the operation of electronics 
on the surface so that the pulse train from the borehole 
electronics may be separated by the surface electronics 
according to time intervals. Digital signals correspond 
ing to different information at different time intervals 
are transmitted by the device of the present invention 
so that the digital signals may be separated according to 
time interval by the device of the present invention and 
thereby require only one signal path for transmitting 
the digital signals. The device of the present invention, 
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as heretofore described, is a multichannel well logging 
system having one signal path between a transmitter in 
a borehole and a receiver at the surface and has the 
capability of increasing or decreasing the number of 
operative channels by merely setting switches. 
What is claimed is: 
1. A well logging system for providing a plurality of 

outputs corresponding to different conditions sensed in 
a borehole, comprising a logging instrument including 
means for providing pulse signals, each pulse signal 
being representative of a different condition sensed in 
the borehole, a plurality of counters connected to the 
pulse signal means, each counter counting the pulses in 
a different pulse signal, and means connected to the 
counters for providing a pulse train, each cycle of the 
pulse train being divided into predetermined time inter 
vals and the number of pulses occurring in a predeter 
mined time interval is the complement of a count in a 
corresponding counter; means connected to pulse train 
means in the logging instrument for transmitting the 
pulse train; and surface electronics adjacent to the 
borehole including means connected to the trans 
mitting means for separating the pulses in the pulse 
train according to the predetermined time intervals, 
and output means connected to the separating means, 
each output means receiving the pulses in the pulse 
train for a different time interval for providing an out 
put corresponding to a sensed condition in accordance 
with the pulses from the separating means. 

2. A system as described in claim 1 in which the pulse 
train means include a source of timing pulses, means 
for providing control pulses, each control pulse occurs 
during a different predetermined time interval, and 
switching means, each switching means being con 
nected to the source of timing pulses, to a correspond 
ing counter, to the control pulse means and to the 
transmission system and controlled by the output from 
the counter and a control pulse from the control pulse 
means to pass timing pulses to the transmission system 
and to the counter during a predetermined time inter 
val until the counter reaches a predetermined count so 
that the number of timing pulses passed by the 
switching means corresponds to the complement of the 
count in the counter and to block the timing pulses dur 
ing the absence of a control pulse or during the 
presence of the predetermined count in the counter. 

3. A system as described in claim 2 in which the pulse 
train means includes reset means periodically providing 
a reset pulse. 

4. A system as described in claim 3 in which each 
cycle of the pulse train includes one more time interval, 
and the pulse train means includes means for providing 
a synchronizing pulse during the last mentioned time 
interval. 

5. A system as described in claim 4 in which the pulse 
train means also includes counting means connected to 
the reset means and being periodically reset by the 
reset pulse, each counting means being connected to 
corresponding sensing means and counting the condi 
tion pulses therefrom, a source of timing pulses, means 
for providing a plurality of control signals, and first 
switching means connected to the separating means, to 
the counting means and to the control signal means, 
and responsive to the control signals from the control 
signal means to pass the timing pulses to different 
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12 
counting means and to the separating means during 
each time interval until the counting means controls 
the first switching means to block the timing pulses 
when a predetermined count is reached so that the tim 
ing pulses provided to the seperating means in any time 
interval correspond to the predetermined count less the 
count of the pulses from the corresponding sensing 
e3S. 

6. A system as described in claim 5 in which the 
synchronizing pulse means includes a flip-flop con 
nected to the reset means and being changed to one 
state by a reset pulse from the reset means and provid 
ing an output, while the flip-flop is in the one state, and 
providing no output while the flip-flop is in another 
state, a NAND gate connected to the flip-flop, to the 
control signal means and to the timing pulse source and 
controlled by the presence of a control signal from the 
control signal means and the absence of an output from 
the flip-flop to pass a timing pulse from the timing pulse 
source to the flip-flop causing the flip-flop to change 
from the one state to the other state, and controlled by 
the absence of a control signal from the control signal 
means or the presence of an output from the flip-flop to 
block the timing pulses from the timing pulse source, 
and a monostable multivibrator connected to the last 
mentioned NAND gate and to the conductor and 
responsive to the passed timing pulse from the last 
mentioned NAND gate for providing a synchronizing 
pulse having a substantially larger amplitude than the 
timing pulses from the timing pulse source. 

7. A system as described in claim 5 in which the 
separating means includes a separator network for 
separating synchronizing pulses from the other pulses 
in the pulse train, second means for providing a plurali 
ty of control signals, each control signal occurring dur 
ing a different time interval, third means for providing a 
plurality of control signals, each control signal from the 
third control signal means being delayed in time by a 
predetermined amount from a corresponding control 
signal from the second control signal means, and 
second switching connected to the first switching 
means to the control signal means and to the output 
means and being controlled by the control signals from 
the second control signal means to pass the pulse train 
from the first switching means to different output 
means during each time interval so as to separate the 
pulses in the pulse train according to time interval. 

8. A system as described in claim 9 further compris 
ing a second source of timing pulses, and in which each 
output means includes counting means connected to 
the third control signal means, to the second switching 
means and to the second timing pulse source and 
counting the pulses passed by the second switching 
means during a particular time interval of each cycle of 
the pulse train from the first switching means and con 
trolled by a control signal from the third control signal 
means to simultaneously count and pass timing pulses 
from the second timing pulse source as an output cor 
responding to a condition until a predetermined count 
of the pulses from the second switching means and the 
second timing pulse source is reached. 

9. A system as described in claim 5 in which the 
switching means includes a plurality of NAND gates, 
each NAND gate being connected to the timing pulse 
source, to the control signal means, to the separating 
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means and to corresponding counting means and con 
trolled by the control signal means and the counting 
means to pass the timing pulses during a particular time 
interval to the separating means and to the counting 
means until the predetermined count is reached by the 
counting means, and to block the timing pulses during 
the remainder of the time interval and during any other 
time interval. 

10. A system as described in claim 9 in which each 
counting means includes an OR gate connected to cor 
responding sensing means and to a corresponding 
NAND gate for passing the condition pulses from the 
sensing means and the passed timing pulses from the 
NAND gate, and a counter connected to the OR gate, 
to the NAND gate and to the reset means for providing 
a direct current output of one level to the NAND gate 
while counting the pulses passed by the OR gate until 
the predetermined count is reached at which time the 
counter provides a direct current output of another 
level to the NAND gate so as to disable the NAND gate 
until the counter is reset by a reset pulse from the reset 
eas. 

11. A system as described in claim 5 in which the 
timing pulse source provides control pulses at the same 
rate but differing in time from the other pulses; and 
control signal means includes means connected to the 
timing pulse source and to the reset means and provid 
ing a pulse train whose pulses coincide with the start of 
each time interval, except for the time interval, in ac 
cordance with the control pulses from the timing 
source and the reset pulse from the reset means, and a 
plurality of flip-flops connected to the reset means and 
connected in series to the last mentioned pulse train so 
that the flip-flop connected to the last mentioned pulse 
train means is reset to one state while the other flip 
flops are reset to another state by the reset pulse from 
the reset means, the flip-flop connected to the last men 
tioned pulse train means changes from the one state to 
the other state in response to a first pulse in the pulse 
train from the last mentioned pulse train means, each 
flip-flop of the other flip-flops changes from the other 
state to the one state in response to a pulse in the pulse 
train from the last mentioned pulse train means occur 
ring while the preceding flip-flop is in the one state and 
changing back to the other state in response to the next 
pulse in the pulse train from the last mentioned pulse 
train means, and each flip-flop of the plurality of flip 
flops remaining in the other state after changing from 
the one state until reset by a reset pulse from the reset 
means and providing a control signal while in the one 
state and providing no control signal while in the other 
state. 

12. A system as described in claim 11 in which the 
reset pulse means includes a monostable multivibrator 
connected to the last flip-flop of the series connected 
flip-flops in the control means and responsive to its 
control signal to provide a pulse output, a differentiat 
ing circuit for providing positive and negative spike 
pulses in response to the pulse from the monostable 
multivibrator, and amplifying means connected to the 
differentiating circuit and biased by a direct current 
voltage so as to amplify only the positive spike pulse to 
provide the reset pulse. 

13. A system as described in claim 11 in which the 
last mentioned pulse train means includes a counter 
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connected to the timing pulse source and to the reset 
means and being reset by the reset pulse from the reset 
means, and providing a direct current output which al 
ternately changes from one level to another level in 
response to every fourth control pulse after being reset, 
a flip-flop receiving a positive direct current voltage 
and being connected to ground, to the reset means, and 
to a first stage of the counter and providing a direct 
current output which changes from a low level to a 
higher level in response to a change in the direct cur 
rent output from a first stage of the counter resulting 
from the counting of the second control pulse from the 
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timing pulse source after being reset by a reset pulse . 
from the reset means, a pair of differentiating circuits, 
one differentiating circuit being connected to the third 
stage of the counter and differentiating the output from 
the third stage of the counter to provide a positive spike 
pulse when the output from the third stage of the 
counter changes from a low level to a higher level and a 
negative spike pulse when the output from the third 
stage of the counter changes from the higher level to 
the low level; the other differentiating circuit being 
connected to the last mentioned flip-flop and dif 
ferentiating the output from the last mentioned flip 
flop to provide a positive spike pulse when the last 
mentioned flip-flop changes state, and an OR gate con 
nected to the differentiating circuits for inverting and 
passing the positive spike pulses from the differentiat 
ing circuits and blocking the negative spike pulses. 

14. A system as described in claim 13 in which the 
sensing means and the first mentioned pulse train 
means are inserted in a borehole having a casing, and 
one of the sensing means and one of the counting 
means are used to detect collars in the casing of the 
borehole, 

15. A system as described in claim 14 in which the 
reset pulse means further includes a manually operable 
rotary switch connected to some of the series con 
nected flip-flops and which may be set to a predeter 
mined position to select one of the control signals as 
the control signal that triggers the monostable mul 
tivibrator so as to control the number of time intervals 
in a cycle and the number of conditions to be sensed. 

16. A system as described in claim 4 in which the 
separating means includes a separator network for 
separating the synchronizing pulses from the other pull 
ses in the pulse train from the pulse train means to pro 
vide data pulses and synchronization pulses, first means 
for providing a plurality of control signals, each control 
signal occurring during a different time interval, second 
means for providing a plurality of control signals, each 
control signal from the second control signal means 
being delayed in time by a predetermined amount from 
a corresponding control signal from the first control 
signal means, and switching means connected to the 
pulse train means and to the control signal means and 
having a plurality of output terminals and controlled by 
the control signals to pass the pulse train to a different 
output terminal during each time interval so as to 
separate the pulses in the pulse train according to time 
interval. 

17. A system as described in claim, 16 in which the 
separating means includes means connected to the 
separator network for providing a delayed synchroniza 
tion pulse which is delayed in time from the 
synchronization pulse from the separator network. 
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18. A system as described in claim 17 in which the 
separating means further includes a NAND gate con 
nected to the timing pulse source for passing the timing 
pulses in the other train from the timing pulse source 
during the absence of a control voltage and blocking 
the timing pulses during the presence of a control volt 
age, a counter connected to the amplifier in the 
separating means and to the NAND gate which is reset 
by the synchronization pulse from the amplifier and 
counting the passed timing pulses from the NAND gate 
to provide an output when a predetermined count is 
reached, a differentiating circuit connected to the 
counter and differentiating the output from the counter 
to provide a positive and a negative spike pulse, 
switching means connected to the differentiating cir 
cuit for passing one of the spike pulses from the dif 
ferentiating circuit as a delayed synchronization pulse 
and blocking the other spike pulse, a flip-flop con 
nected to the counter, to the NAND gate and to the 
amplifier of the separating means and being reset to 
one state by the synchronization pulse from the amplifi 
er to provide no control voltage and changing to 
another state in response to an output from the counter 
to provide a control voltage to the NAND gate until 
reset by the next synchronization pulse so as to prevent 
the counter from counting after the predetermined 
count has been reached until the next synchronization 
pulse. 

19. A system as described in claim 17 in which each 
control signal means includes counting means con 
nected to the timing pulse source for counting the tim 
ing pulses in the one train from the timing pulse source 
to provide a pulse train whose pulses coincide with the 
start of each time interval, except the synchronizing 
pulse time interval, a plurality of flip-flops connected in 
series to the counting means, and the flip-flop con 
nected to the counting means is reset to one state, while 
the other flip-flops are reset to another state, the flip 
flop connected to the counting means changes from the 
one state to the other state in response to a first pulse in 
the pulse train from the counting means, each flip-flop 
of the other flip-flops changes from the other state to 
the one state in response to a pulse in the pulse train 
from the counting means occurring when a preceding 
flip-flop is in the one state and changing back to the 
other state in response to the next pulse in the pulse 
train from the counting means, each flip-flop remaining 
in the other state after changing from the one state until 
reset and providing a control signal while in the one 
state and providing no control signal while in the other 
state, and the counting means of the first control signal 
means is periodically preset to another predetermined 
count by the synchronization pulse and the flip-flops of 
the first control signal means are periodically reset by 
the synchronization pulses from the separator network, 
while the counting means of the second control signal 
means is periodically preset to the last mentioned 
predetermined count by the delayed synchronization 
pulses and the flip-flops of the second control signal 
means are periodically reset by the delayed 
synchronization pulses. 

20. A system as described in claim 19 in which the 
first control signal means includes switching means 
connecting some of the flip-flops to the reset means for 
controlling the reset means so as to control the number 
of time intervals in each cycle of the pulse train from 
the pulse train means. 
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21. A system as described in claim 20 in which the 

second and third control signal means each include 
switching means connecting a last flip-flop of the plu 
rality of flip-flops to some of the other flip-flops for 
controlling the number of control signals. 

22. A system as described in claim 16 in which the 
synchronizing pulses have substantially larger am 
plitudes than the other pulses in the pulse train from 
the pulse train means, and the separator network uses 
the difference in amplitude to separate the synchroniz 
ing pulses from the other pulses in the pulse train. 

23. A system as described in claim 22 in which the 
separator network includes first and second compara 
tors connected to the pulse train means, the first com 
parator receiving a direct current reference voltage 
whose amplitude is less than the amplitudes of the pull 
ses in the pulse train and providing an output when a 
pulse occurs in the pulse train and providing no output 
when there is no pulse in the pulse train from the pulse 
train means, and the second comparator receiving a 
direct current reference voltage whose amplitude is less 
than the amplitude of the synchronizing pulses but 
greater than the amplitudes of the other pulses in the 
pulse train and providing an output when a synchroniz 
ing pulse occurs in the pulse train and providing no out 
put when a synchronizing pulse does not occur in the 
pulse train, first and second monostable multivibrators 
connected to the first and second comparators, respec 
tively, each multivibrator being responsive to an output 
from its corresponding comparator to provide a pulse, 
a differentiating circuit connected to the first mul 
tivibrator for differentiating the pulses from the first 
multivibrator to provide positive and negative spike 
pulses, an inverter connected to the second multivibra 
tor for inverting the pulses from the other multivibra 
tor, and an AND gate connected to the differentiating 
circuit and to the inverter for passing the positive spike 
pulses during the absence of an inverted pulse from the 
inverter and blocking the spike pulses during the 
presence of an inverted pulse from the inverter so as to 
provide a data pulse whenever a pulse, other than a 
synchronizing pulse, occurs in the pulse train from the 
pulse train means. 

24. A system as described in claim 23 in which a 
separator network further includes a third monostable 
multivibrator connected to the second multivibrator 
and responsive to a pulse from the second multivibrator 
to provide a pulse, a source providing two trains of tim 
ing pulses having the same repetition rate, the timing 
pulses of one train differing in time from the timing pull 
ses of the other train, a second AND gate connected to 
the third multivibrator and to the timing pulse source 
for passing a timing pulse when the third multivibrator 
provides a pulse and for blocking the timing pulses 
when the third multivibrator provides no pulse, a 
second inverter connected to the second AND gate for 
inverting the passed pulses from the second AND gate, 
and an amplifier connected to the inverter for amplify 
ing the inverted pulses to provide synchronization pull 
ses coinciding with the synchronizing pulses in the 
pulse train from the pulse train means. 

25. A system as described in claim 24 in which each 
output means includes counting means connected to 
the second control signal means, to the switching 
means and to the timing pulse source for counting pull 
ses passed by the switching means of the separator cir 
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cuit during a particular time interval of each cycle of 
the pulse train from the pulse train means, and con 
trolled by a control signal from the second control 
signal means to simultaneously count and pass timing 
pulses in the other train from the timing pulse source as 
an output corresponding to a condition, until a 
predetermined number of pulses from the switching 
means of the separator network and the timing pulse 
source has been counted. 

26. A system as described in claim 25 in which the 
counting means in each output means resets itself after 
the termination of the control signal applied to the 
counting means from the second control signal means. 
27. A system as described in claim 26 in which the 

counting means in each output means includes a flip 
flop initially in one state and providing a low level 
direct current voltage while in that state, and high level 
direct current voltage while in another state, a NAND 
gate connected to the timing pulse source, to the 
second control signal means, and to the flip-flop for 
passing the timing pulses in the other train from the 
timing pulse source as an output corresponding to a 
condition in response to a control signal from the 
second control signal means and a low level direct cur 
rent voltage from the flip-flop and blocking the timing 
pulses in response to high level direct current voltage 
from the flip-flop or during the absence of a control 
signal from the second control signal means, an OR 
gate connected to the switching means of the separator 
circuit and to the NAND gate for passing the pulses 
passed by the switching means during a particular time 
interval of each cycle of the pulse train from the pulse 
train means and the pulses passed by the NAND gate, a 
counter connected to the flip-flop and to the OR gate 
for counting the pulses passed by the OR gate and 
providing an output to the flip-flop when a predeter 
mined count is reached triggering the flip-flop to 
another state thereby causing the NAND gate to block 
the timing pulses in the other train from the timing 
pulse source, and an amplifier connected between the 
second control signal means and the flip-flop for ampli 
fying the control signal from the second control signal 
means so that the trailing edge of the control signal 
resets the flip-flop to the one state. 

28. A well logging method for providing a plurality of 
outputs corresponding to different conditions sensed in 
a borehole, which comprises the steps of providing a 
plurality of pulse signals in the borehole, each pulse 
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signal being representative of a different condition 
sensed in the borehole; counting the pulses in each 
pulse signal in the borehold to provide different counts; 
providing a pulse train being divided into predeter 
mined time intervals and the number of pulses in a 
predetermined time interval is the complement of a 
corresponding count; separating the pulses In the pulse 
train at the surface according to the predetermined 
time intervals, and providing the plurality of outputs, 
each output corresponding to a sensed condition in ac 
cordance with the separated pulses for a particular 
predetermined time interval. 

27. A method as described in claim 28 in which the 
pulse train providing step includes providing timing 
pulses, adding the timing pulses to one of the counts 
during one of the predetermined time intervals until the 
gount reaches a predetermined value, passing the tim 
ing pulses being added to the count té surface as the 
pulse train so that the number of passed timing pulses is 
the complement of the count, and repeating the next 
previous two steps for each of the remaining counts. 

30. A method as described in claim 29 in which the 
step of providing a pulse train includes a plurality of 
steps, each step comprises providing timing pulses dur 
ing a different time interval, counting the condition 
pulses, counting the timing pulses until a predeter 
mined count of the condition pulses and the timing pull 
ses is reached, and providing the counted timing pulses 
as part of the pulse train during the time interval. 

31. A method as described in claim 29 in which the 
step of separating the pulses includes separating the 
synchronizing pulses from the other pulses in the pulse 
tal. 

32. A method as described in claim 31 in which the 
separating step further includes controlling switching 
means to pass the pulses in the pulse train in a different 
time interval, other than the synchronizing pulse time 
interval, as a pulse signal. 

33. A method as described in claim 32 in which the 
providing of each output step includes counting the 
pulses in a different pulse signal, providing timing pull 
ses, counting the last mentioned timing pulses until a 
predetermined count of the pulses in the pulse signal 
and of the last mentioned timing pulses is reached, and 
providing an output in accordance with the counted 
last mentioned timing pulses so that the output cor 
responds to a sensed condition. 


