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REMOTE LOCATIONS (71)  I, KEITH GEOFFREY WALTR  the frame format utilized
with one form of SMITH, of The Solartron Electronic Group  the present
invention; Limited, Victoria Road, Famborogh, Hamp-    Figures 5A and 5B
schematically show the  50 shire, a Canadian citizen, do hereby declare
tape control circuits utilized with the data 5  the invention (which was
communicated from  transmission system of the present invention; JEAN-YVES
MONOD  of Schlumberger    Figure 6 shows circuits for writing data on
Limited, 277, Park Avenue, New York, N.Y. magnetic tape in accordance with
the present 10017, UnitedStates of America a French  invention;
55 citizen), for which I pray that a patent may    Figures 7A-7D illustrate
timing diagrams 10 be granted to me, and the method by which  useful in
understanding the writing and read- it is to be performed, to be
particularly des- ing of data on magnetic tape; cribed in and by the
following statement: -  Figure 8. shows circuits for reading data This
invention relates to data transmission  from magnetic tape in accordance
with the  60 systems and particularly to methods and  present invention; 15
apparatus for reading data off of a magnetic    Figures 9A-9J show timing
diagrams use- tape, transmitting the data to a remote local ful in
understanding the operation of the tion, and reproducing the data at the
remote  write and read circuits of Figures 6 and 8; location,
Figures 10A-10K    show timing diagrams 65 It is an object of the invention
'to provide  useful in understanding one form of operation 20 new and
improved methods and apparatus  of the tape control circuits of Figures 5A
and for transmitting data from  one location to  5B; another.
Figures 11A-11F show the serial word Another object is to provided such a
data  format utilized with the data transmission  70 transmission system
for use in the transmission  system of the present invention; 25  of well
logging data derived from an explor-   Figure 12 shows circuits for
controlling the ing means moved through a. borehole drilled  transmission
of data in accordance with the into the earth.
present invention; For a better understanding of the present   Figures
13A-13J show voltage diagrams  75 invention, together with other and
further useful in understanding the operation of the 30  objects thereof,
reference is had to the follow- Figure 12 apparatus; ing description taken
in connection with the    Figure 14 illustrates how the drawings of
accompanying drawings, the scope of the  Figures 15A-15C fit together to
make a invention being pointed out in the appended  complete view thereof;
80 claims.                                    Figures 15A-15C show
interface circuits 35    Referring to the drawings:             for
preparing data read from magnetic tape Figure 1 shows in a schematic manner
a  for transmission and preparing received 'data representative embodiment
of a data transmis-  to be written on tape, as well as circuits for sion
system for reading data from a magnetic  controlling various operations in
the appar- 85 tape and reproducing it at a remote location  atus of the
present invention; 40 in accordance with the present invention; Figure 2
illustrates a typical example of a    Figures 16A-161 show voltage diagrams
tape format that can be utilized with the data  useful in understanding the
operation of 'a transmission system of the present invention; portion of
the apparatus of Figures 15A- Figures 3A-3C show an example of the  15C;
90 45  tape word format used with the data transmis-    Figures 17A-17Q
represent timing dia- sion system of the present invention;    grams which
show in a general way how data Figure 4 illustrates a typical example of
is transmitted and received in one form of [Price 25p]    2
1,345,581                                        2 operation of the data
transmission system of  mission equipment 44 from the telephone line the
present invention;                      45 and applied via the dataphone
interface Figures 18A-18L show timing diagrams  circuits 43 to the tape
control circuits 42. useful in understanding how a transmission  These tape
control circuits convert the data 5  is terminated;
from the serial transmission format back to  70   , Figure 19 schematically
illuntrates appar-  the tape format and cause it to be written atus for
displaying data in accordance with  on the tape 40 by the writing circuits
47 and the present invention;                     write heads 84. Figure 20
shows apparatus for converting    While data is being transmitted or
received, 



10  digital data words to analog signals for record-  it can also be'
recorded on a film 48 by a  75 ing on photographic film in accordance with
photographic recorder 49. This photographic the present invention;
recorder 49 comprises part of playback cir- Figures 21A-21I show voltage
diagrams  cuits 50 which act to convert the transmitted for illustrating
the operation of the apparatus  or received digital data into analog form
and 15  of Figure 20;                              separate the data into
separate channels for .80 Figure 22 shows apparatus for controlling
recording on 1 he film 48 by a galvanometer the reception of transmitted
data in accord-  controlled mirror arrangment 51. While ance with the
present invention;            receiving or transmitting data, a selected
chan- Figures 23A-23M show voltage timing  nel of well logging data as well
as borehole 20  diagrams for illustrating the operation of the  depth can
be umerically displayed by a data  85 apparatus of Figure 22;
and depth display subsystem 52. Additionally, Figures 24A-24N  show timing
diagrams  the tape 40 can be played back to allow the representing another
form  of  operation of  photographic recorder 49 to record an analog the
data transmission system of the present  trace of the digital data
contained on the tape 25  invention;                                  40 as
well as  providing a numerical display  90 Figure 25 illustrates a portion
of the tape                      of data even though control circuits of
Figure 5A in greater detail;  data is not being transmitted or received.
Figures 26A-26K  show timing diagrams    Now going into the transmission
equipment representing another form of operation of the  of Figure 1 in
greater detail and first con- 30tape control circuits of Figures 5A and 5B;
sidering the transmission operation, when a  95 Figures 27A and 27B show
the tape word  start-stop switch  53  in the tape control cir- format of
data derived from    well logging  cuits 42 is moved to the start position,
the exploring device of a different  ture;      tape control circuits 42
supply a "start tape Figures 28A-28J show  timing  diagrams  command"
signal to the motor driving circuits 35  representing the operation of the
tape control  46 which in turn supplies power to a tape  100 circuits of
Figures 5A and 5B when process-  motor 54 to rotate a tape capstan 55 for
mov- ing the data corresponding to the tape word  ing the tape 40. To
obtain high acceleration format of Figures 27A-27C. .                and
deceleration of the tape 40, a tacho- Referring to Figure 1, there is shown
a  meter 56 monitors the velocity of the tape 40  block diagram of the
transmission ion equipment  40 and supplies a signal representative thereof
105 of the present invention. The stem of Figure  back to the motor driving
circuits 46. In the 1 represents the equipment at one end of the  motor
driving circuits 46, the velocity signal communication link. However the
same sub-  is amplified by an amplifier 57 and applied systems which are
utilized for transmitting  via a band rejection filter 58 (to filter out
data are also utilized for receiving data and  electro-mechancal resonance
signal) to one  110 thus the apparatus shown in Figure 1 con-  input of an
operational amplifier 59 which stitutes both the transmitting and receiving
compares this velocity signal with the "start- apparatus.
tape command" signal generated from the tape The transmission equipment of
Figure 1 is  control circuits 42. The differential signal 50  adapted to
read data off of the magnetic tape  from operational amplifier 59 is then
supplied  115 40,when moved by a motor driving circuit  via a power
amplifier 60 to the tape motor. 46, through the action of a plurality (7 in
By this means, power supplied to the tape this case) of parallel read head
61 and read-  motor 54 will initially be very high and ing circuits 41 for
application to tape con-  decrease as the tape velocity increases so as 55
trol circuits 42. Among other things, these  to produce a fast acceleration
of the tape 40. 120 tape control circuits act to convert the read  The same
thing happens in reverse when the data from the tape format to the serial
trans-  "start tape command" from tape control cir- mission-format and
supply the data to data-  cuits  42 is removed, i.e. a fast deceleration
phone interface circuits 43. These interface  of. the tape. 60 - circuits
43 act to serially shift the data to the    Since only 7 recording tracks
are utilized  125 telephone transmission equipment 44, some-  and each data
word is greater in length than times called "dataset", for transmission
over  seven bits, each data word comprises several a telephone line 45. At
the receiving end  characters recorded respectively at successive
(utilizing Figure 1 also for the receiving end)  side-by-side positions
along the length of the 65  the data is received by the telephone transt-,
tape. Each of these positions is called a char- 130    3
1,345,581                                         3 acter. With the tape 40
moving, the reading  gap is transmitted, supply a signal to the con- heads
61 detect changes in magnetic flux to  trol circuits 64 of the tape control
circuits enable the reading circuits 41 to supply all of  42 which causes
the data word contained in the the bits of each character on the tape to
read register 63 to be shifted to a "transmit transmission format circuit
62. Suitable con-  buffer register" 66 in the dataphone interface  70 trol
circuits 64 of the tape control circuits  43. The data word is stored in
register 66 42 keep track of the characters which are being  until the
programming and control circuits read off of the tape so as to instruct the
tape  65 cause it to be shifted to a transmit/receive to transmission
format circuit 62 which shift  register 67 when it is time to transmit this



10  register stages each character is to be placed  data word. The data
word in the transmit/  75 in.
receive register 67 is then shifted to the pro- To provide the timing
requirements for this  gramming and control circuit 65 for applica- format
conversion process, the magnetic marks  tiori to the dataset 45 to be
placed on the tele- on the tape are utilized. To this end, the read-  phone
line. 15  ing circuits 41 combine the outputs of the    The dataset
supplies the programming and 80 read circuits of each track so as to supply
a  control circuits 65 of the dataphone interface "detected character
pulse" indication back to  43 with a clock signal which is utilized to the
control circuit 64 each time a character  shift the data from the dataphone
interface 43 is detected. (This is possible because each  to the dataset
(i.e., the dataset tells the data- 20  character has one track set aside
for odd  phone interface 43 how fast it wants to receive  85 parity which
insures that there will be a mag-  the data). The programming and control
cir- netic mark in at least one track). These  cuits 65 also use this clock
signal to determine "detected character pulses" advance a char-  when each
word has been transmitted so as to acter counter which in turn controls the
format  start the tape movement and read each word 25  conversion process
and turns off the "start  off the tape for application to the read regis-
90 tape command" signal to stop the tape move-  ter 63 and thence to the
transmit/receive ment after a given number of characters have  register 67.
(Actually, each word is read off been detected on the tape. The tape
control  of the tape while the last preceding word read circuits 42 also
supply "crosstalk inhibit"  from the tape is being transmitted). A "line 30
and "anti-reset" signals back to the reading  sync word" is transmitted
once per frame 95 circuits 41 for purposes to be described later.  (word #1
in this case (to maintain the As will be discussed in more detail later,
receiver in synchronism with the transmitter. the tape to be transmitted
has data gaps    Additionally, this transmission process is (lengths where
no data is recorded) recorded  repeated over and over again until the
entire 35  thereon. The tape is initially positioned so  file of data has
been transmitted. When the 100 that the reading heads are in a gap and when
tape reaches the end of a file of data (and the start-stop switch is
operated the tape  thus enters a file gap), the tape control cir- control
circuits detect the presence of this gap  cuits 42 inform the programming
and control by the absence of "detected character pulses"  circuits 65 of
this and transmission is stopped. 40  and informs the programming and
control cir-  When  the  operator initiates  transmission  105 cuits 65 of
the dataphone interface of, not  again, the same operation, just discussed,
only the presence of a gap, but also what type  begins again. This process
continues over and of gap. The tape then advances, moving the  over again
until every file on the tape has gap on past the reading heads and bringing
been transmitted 45  the first word of the first file up to the heads
Since the data that is being transmitted is 110 to be read, converted to a
serial format, and  well logging data derived from an exploring stored in
the tape read register 63. The tape  means moved through a borehole drilled
into then stops. Then, the datasets at the transmit-  the earth, each data
word corresponds to a ting and receiving ends establish bit syn-  given
depth level in the borehole. It is 50  chronism  with one another, after
which the  important to know precisely what the depth 115 programming and
control circuits 65 of the  levels corresponding to each well logging data
dataphone interface 43  transmit the gap.  word are. In this connection,
the magnetic tape (This gap transmission takes the form  of  40 will have a
depth word recorded thereon transmitting zero data in every word but  at
periodic intervals of borehole depth. Each 55  sync words, which sync words
occur once  depth word is flagged by suitable coding on  120 4         per
frame. A frame is 12 words). During the  the tape. When the depth word is
converted gap transmission, the transmitter informs the  to the serial
transmission format and placed receiver how long the gap will be so that
the  in the read register 63, one or more of the receiver can prepare its
circuit to write the  last three stages of this register 63 will have a 60
received data on tape when it begins arriving.  "1" located therein if a
depth word has been  125 Now, with the first data word in the tape  read
off the tape 40. This fact is indicated to register 63 waiting to tbe
transferred to the  a depth word detector 68 in the dataphone dataphone
interface circuits 43, and dataset 44  interface 43 via an OR gate 69. The
depth to be placed on the telephone line, the pro-  word detector 68 then
instructs the program- 65  gramming and control circuit 65, after the  ming
and control circuits 65 of the dataphone  130    4
1,345,581                                          4 interface to
substitute the read depth word  photographic recorder 49 by turning a hand
for the line sync word during the frame that  crank connected to a
differential gear 80 so the depth word is detected.                 that
the  depth indicator 79 will read the Additionally, the depth word detector
68  proper multiple of ten feet each time the 5  also instructs the depth
display circuits of the  beep occurs.                           70 data and
depth display subsys em 52 to accept    Now concerning the reception of the
data the serial pulse code modulaed (PCM) data  transmitted over the
telephone line, the receiv- being shifted out of the read register 63 and
ing dataset first becomes synchronized with display it. This PCM  data from
the read  the transmitting dataset and then supplies a 



10  register 63 is supplied to th  depth display  clock signal to the
programming and control 75 circuits through a mode seletor switch 70a
circuits 65 of the dataphone interface 43. which has four positions
designated REC,  When the first sync word is received, the X-MIT, INT, and
RDP  which stand for  programming and control circuits 65 begin receive,
transmit, internal oscillator  and  counting the clock pulses to cause the
tape to 15  "recorder drive pulses" respectively.       step each time a
complete word is received. 80 Additionally, one data word per frame can
Since a file gap is initially transmitted, no be displayed by the data dis
lay circuit por-  data will be written on tape while this file tion of the
depth and data display circuits  gap is being produced on the tape. During
52. To this end, the programmg and control  the transmission of the file
gap, the trans- 20  circuits 65 of the data pain         e 43  mitter
instructs the receiver how long the gap  85 keep track of which word is
being processed  will be. Now when the first data word is at any time and
provides this information to  received by the dataset 44, it is supplied to
a data display selector circuit 71. The selec-  the programming  and
control circuits 65 and tor circuit 71. selects a desired word of each
then shifted into the transmit/receive register 25  frame (which
corresponds to a given channel  67. When the first word has been completely
90 of informations) and instructs the data display  entered into the
transmit/receiver register 67, circuits 52 to receive that paricular word
for  the programhuing and control circuits 65, hav- data display. This data
word for display is  ing been instructed; how long the gap is and
trasmitted from the tape re d register 63 to  counting the clock pulses to
determine when 30  the display circuits 52 via    X-MIT posi-  each
complete word has been entered into the  95 tion of the mode switch 70a
transmit/receive register 67, cause the data to While trasmitting data over
the telephone  be parallel shifted cfrom the transmit/receive     C line,
the playback circuits 50 can produce an  register 67 to a receiver buffer
register 81at analog recording of the transmitted data on  precisely the
right time. Then, upon command 35  the film 48 during transmisson. To this
end, from  the programming and control circuits 100 the programming and
circuits 65 of  65, the data word contained in the receive the dataphone
interface 43 nstruct an entry  buffer register 81 is serially shifted via
the register 72 to receive the    se code modu-  receive position of the
mode selector switch lated data from the tape read register 63 of  70A to a
tape writer register 82 contained in 40  the tape control circuits 42 vi
the mode selec-  the tape control circuits 42.          105 tor switch 70a.
This digital  ta in the entry    Meanwhile, the programming and control
register 72 is converted to an analog quantity  circuit 65 of the dataphone
interface has by a suitable digital-toana    converter 73.  instructed the
tape control circuits 42 to start The programming and con ol circuits 65 of
moving the tape 40. To facilitate the writing 45  the dataphone interface
43  equentially ener-  of each data word on the tape 40, the tape 110 gize
selected parallel gates of a decommutator  40 desirably has marks
prerecorded in at least 75 so as to separate the wo  s being shifted  one
track thereof. Thus, when the tape 40 into the entry register 72 to their
proper chan-  begins moving, the reading circuits 41 will nel for
application to a plurality of parallel  supply the "detected character
pulses" back to 50  memory units 76. These analog quantities are  the
control circiuts 64 of the tape control cir- 115 then stored by the memory
units for applica-  cuits 42 so that the data word can be written tion to
the galvanometers $1 of the photo-  in the desired format and at the
desired loca- graphic recorder 49.                        tions on the tape
40. Thus, the control cir- The film 48 is driven by a suitable driving
cuits 64 instruct the transmission to tape 55  source 77 by way of a shaft
85 upon command  format circuits 83 to connect the proper stages 120 from
the programming and control circuits 65  of the write register 82 to the
writing circuits dataphone interface 43. To synchronize the  47 at the
proper time to write the word on photographic film  48 of  the photographic
tape in a plurality of characters. recorder 49 with borehole depth, the
tape con-    This process is repeated over and over 60  trol circuits 42
cause a loud speaker 78 to  again until every word of the file has been
125 emit an audible beep every time a depth  written on the tape 40. When
the transmitter word is read off of the tape 40. Since a depth  reaches the
end of a file, it removes the word occurs at equal intervals of borehole
carrier from the telephone line and the recevi- depth (i.e., every 10
feet), THE operator merely  ing apparatus stops operating. When  the 65
adjusts the depth drive, if necessary, to the carrier is again placed on
the telephone line, 130    5                                    1,345,581
5 the receiving apparatus operates in the same  suitable light source is
contained within the  65 manner as just discussed to create a data gap
drum 86 so as to pass light through the slots of just the right length, as
informed by the  of the drum  86 to suitable photosensitive transmitter,
and start writing data on tape  diodes contained within a recorder drive
pulse 5  at precisely the right time. This process con-  generator 87. The
recorder drive pulse gener- tinues over and over again until every file of
ator 87 then generates pulses at a frequency  70 the tape at the
transmitting location has been  proportional to the speed of the film 48.
Since received and written on the tape at the receiv-  the film 48 is
scaled in its longitudinal direc- ing end.
tion as a function of depth, the frequency of 



10    While receiving data, the depth and data  the pulses generated from
the recorder drive words can be displayed by the display circuits  pulse
generating circuits 87 will be propor-  75 52 and recorded on file in the
same manner  tional to increments of depth on the film 48. as when
transmitting a tape. The primary  These "depth pulses" from the circuits 87
are difference is that the depth word detector 68  supplied to the
programming and control cir- 15  interrogates the last three stages of the
receive  cuits 65 of the dataphone interface where they buffer register 81
to detect the presence of a  are substituted for the "internal oscillator
80 depth word, during the sequence when a depth  pulses" from the tape
control circuits 42 so as word is expected, instead of the tape read  to
play back the tape for recording on the register 63. Additionally, the PCM
data being  film 48 and display by the display circuits 52. 20  shifted out
of the receive buffer register is    Before proceding with the detailed
descrip- passed to the display and playback circuits  tion of the data
transmission system of the  85 52 and 50 instead of the data being shifted
present invention, it would first be desirable out of the tape read
register 63.          to describe the word format of the data The data
transmission system of Figure 1  recorded on the magnetic tape 40. Thus,
look- 25  also has the capability of playing a tape back  ing at Figure 2,
there is shown the tape for recording by the photographic recorder 48
format utilized with the transmission equip-  90 and display by the display
circuits 52. This  ment of the present invention. There is an can be
accomplished either through the action  initial preprinted section of the
tape followed of an internal oscillator contained within the  by an initial
erased section having an initial 30  control circuits 64 of the tape
control circuits  reflective  marker. This  initial reflective 42 or by
synchronizing the movement of the  marker indicates to the operator where
the  95 tape 40 with the movement of the film 48.  initial erased section
is located on the tape. When using the internal oscillator mode of  The
initial erased section is followed by a file playback, the control circuits
64 generate a  gap of 20 frames length. (In actuality, this 35  signal
which is sent to the programming and  will merely appear as a longer erased
section) control circuits 65 of the dataphone interface  The initial file
gap is then followed by a 100 43 to initiate tape movement and cause the
plurality of files with a file gap separating data to be read off of the
tape and supplied  each file which file gaps identify where one to the read
register 63. The programming and  file ends and the next one begins on the
tape. 40  control circuits 65 then send the data via the  The first file is
typically an identification file "INT" (internal oscillator) position of
the  of 20 frames length. This 20 frame identifica- 105 mode selector
switch 70A to the playback  tion file is typically followed by a 20 frame
circuits 50 and display circuits 52. This     file gap and a calibration
file. This calibration tion takes place in the same manner as when  file is
typically followed by another file gap 45  the system is in the transmit
mode of opera-  and the log file. tion.
The log file contains all of the well logging  110 data which was derived
initially from  an The internal oscillator signal from the con-  exploring
means which was moved through a trol circuit 64 is also utilized by the
program- borehole drilled into the earth. Thus, the log ming and control
circuits 65 to keep track of  file is spaced on the tape as a function of
bore- 50  which word is being processed at any given  hole depth. This log
file may or may not 115 time. By so doing, the desired agate of the  have
record gaps located periodically along decommutator 75 can be energized at
the  the tape. In Figure 2, one record gap is illus- proper time to
separate the data words into  trated in the log file but many such record
their respective channels for recording by the gaps may be present. These
record gaps are 55  photographic recorder 49. Also, the data dis-
sometimes placed in length fles which are to  120 play selector circuits 71
can select the proper  be computed, to give the computer memory a data
word, as well as each depth word, for chance to digest the data. At the end
of the display.                                  log file a final erased
section having an "end Now, when the transmission circuits are  of tape
mark" and final reflective marker is 60  synchronized to the film 48
movement for  located. A tape can be recorded with this 125 playback, (i.e.
the RCP switch position) the  format by the tape recording apparatus dis-
same shaft 85 which drives the film 48 also  closed in U.S. Patent No.
3,457,544 granted rotates a drum 86 which has a plurality of  to S. K.
Fuller et al on July 22, 1969. It is slots at given intervals on its
periphery. A   the primary purpose of the transmission equip-    6
1,345,581                                         6 ment of the present
invention to reproduce this  On the other hand, if CDM data is recorded
tape of Figure 2 at a remote location.      on the tape, the sync word will
be recorded Now referring to Figures 3A,  3B and 3C,  during word 12 of
every odd frame only. there is shown the tape word format utilized    Now,
referring to Figure 4, there is shown 5  for "Regular" and "Continuous
Dipmeter"  a typical example of a frame of 12 words as  70 (CDM) logs. The
term "Regular log" denotes  they might appear on the tape. It can be seen
all kinds of well logs except   meter logs,  in Figure 4 that word 1 is the
depth word e.g. induction log, sonic log, radioactivity log,  which occurs
every 10 feet of borehole depth. etc. Figure 3A shows the tape format for
the  That this particular word 1 of the frame 



10  well logging data words. The  horizontal rows  shown in Figure 4 is a
depth word is apparent  75 correspond to tracks 1-7 of the  pe and the
because of the depth marks recorded in char- vertical columns correspond to
the three char-  acters 1 and 2 of track 6. The fact that char- acters
which make up each word. It can be  acters are recorded in both characters
1 and seen from Figure 3A that tracks 1-4 of char-  2 indicates that, the
data contained on this 15  acter 1 contain the weighed b ary values  tape
was derived from two separate runs in  80 2-[err]; tracks 1-4 of character
contain the  the borehole. It can be seen that in this Figure weighted
binary values [err]; and tracks  4 example, well logging data is recorded
in 1-4 of character 1 contain   e weighted  words 3, 7, 9 and 11 only. The
sync marks binary values [err]. The sign bit is con-  are shown in tracks 5
and 6 of character 3 of 20  tained in track 5 of character 2,  d track 7
word 12.                                  85 of all characters is set aside
for  odd parity.  Now concerning the detailed description of Looking at
Figure 3B, there i shown the  how the transmission equipment of the present
tape format for the depth wo    which is  invention operates refer first to
Figures 5A found in word 1 of each frame. A frame is  and 5B, which show
the tape control circuits 25  12 words). The depth word is reorded in a  42
in.detail, in conjunction with the timing  90 binary coded decimal format
wherein char-  diagram  of Figures 9A-9J. To make one acters 1, 2 and 3
correspond to ththousands  complete view  of the tape control circuits
hundreds, and tens digits respecively. The  42, Figures 5A and 5B are to be
placed end- weighted binary values 2-[err] a  found in  to-end horizontally
with Figure 5A on the 30  tracks 1-4 of each character. When the tape
left. The transmission equipment of the pre-  95 was originally recorded at
the   site, the  sent invention has the capability of transmit- same tape
may have been utilized    record-  ting and receiving several different
types of ing data derived from  more th   one run  tapes, as well as
transmitting only odd num- through the borehole. One particular tape  bered
words of each frame. The description 35  recorder for providing this
interlacing of well  of the transmission equipment when trans- 100 logging
data is shown in U.S.  atent No.  mitting, receiving, and playing back
"Regular" 3,360,774 granted to J. S. Smith et al on  and "CDM  logging"
tapes will be discussed December 26, 1967. Thus, the data on the  first
before going into other formats. (NOTE: tape will be depth synchronized
even though  The "Continuous dipmeter tool" is sometimes 40  the data was
obtained on different  runs in the  referred to as the "powered dipmeter
tool". 105 borehole. In recording this data, the tape  However, the
particular label is unimportant). recorder inserted "run number  marks" in
a    Before initiating a transmission, the tape given character of track 6
of each depth word  should be positioned so that the tape heads for each
run through the bolehole that was  are somewhere within the initial erased
sec- 45  recorded on the tape. More particularly, char-  tion. To initiate
transmission, a start-stop  110 acter 1 corresponds to run number 1, char-
switch 95 (Figure 5A) is utilized. (The start- acter 2 to run number 2 and
character 3 to  stop switch 5 supplies a "1" to one position run number 3.
Thus, if the data on a given  and a ground to the other position thereof,
tape was obtained by three separate runs in  e.g. a "1" on the "stop"
terminal and a ground 50  the borehole, there will be a binary "1" in all
on the "start" terminal. When moved to the  115. three characters of track
6 of the depth word.  other position, it reverses the "1" and ground,
Additionally, there will be a "1" in track 6  e.g., a "1" is then on the
"start" terminal of word 1 for identification files. Irack 7 is  and a
ground on the "stop" terminal). When again set aside for parity in the dep
word.  in the stop position, the "tape read register" 55    Now referring
to Figure 3C, there is shown  63 (Figure 5B) and a "file length flip-flop"
120 the tape format for the tape sync word which  97 (Figure 5A) are held
in the reset position. always occurs in word 12. To indicatte a tape  Upon
the start-stop. switch being moved to sync word, "l's" are recorded in
tracks 5 and  the start position, a "start pulse one-shot" 98 6 of the
third character of each tape sync  (Figure 5A) is energized on the rising
edge 60  word. A well logging data word may or may  of the start signal to
generate a "start pulse" 125 not also be recorded in the tape sync word
designated STP shown in Figure 9A. STP and parity is again recorded in
track 7 of  is applied to the ditaphone interface to reset all three
characters. If the particular tape con-  various circuits therein and is
also utilized tains the so-called "Regular logging" data,  to set a "motor
flip,-flop" 98 via a pair of 65  word 12 of every frame will be a sync
word. OR gates 99 and 100 (Figure 5A). The nor- 130    7
1,345,581                                        7 mal output of the "motor
flip-flop 98 then  ence voltage set at a level to accurately detect
supplies the "start tape command" of Figure  where a magnetic mark (i.e., a
change in 9B to the motor driving circuit 46 of Figure  magnetic flux) has
in fact occurred, and thus 1 so as to start the tape motor. The resulting
ignore noise. 5  tape velocity is shown in Figure 9C          The resulting
output pulse from  voltage  70 Before proceeding with the description of
comparator 124 is supplied to one input of the tape control circuits, it
would first be  a NAND gate 125, the other input thereto desirable to
describe how data is written and  being a "crosstalk inhibit signal" from
the read off of the magnetic tape. Thus, referring  tape control circuits
of Figure 5. This "cross- 



10  to Figure 6, there is shown the track 1 write  talk inhibit signal" is
normally at the "1"  75 circuit 103 in detail, the tracks 2-7 write  level,
and thus the output of NAND gate 125 circuits being constructed identically
the same. will go to "0" forcing the output of a NAND These write circuits
are only operative when  gate 126 to the "1" level. The output of "tape
head power" is supplied from the tape  NAND gate 126 represents the output
of the 15  control circuits. The track 1 write pulses  track 1 read
circuit. The output of the tracks  80 derived from  the tape control
circuits of  1-7 read circuits 114-120 are all supplied Figure 5 trigger a
trigger flip-flop 105 on  via an OR gate 127 to the tape control cir- their
leading edges. The normal and comple-  cuits of Figure 5 as the signal
designated mentary outputs of the trigger flip-flop 105- "detected
character pulse". Additionally, the 20  cause suitable driving circuits 106
to pass cur-  outputs from each read circuit are supplied to  85 rent in
one direction or the other through a  the tape control circuits as the
"Read Pulses" write head coil 107. The particular direction  for each
track. These "Read Pulses" represent of the current through the coil 107
depends  the detected binary representations read from on the state of the
flip-flop 105.         the tape. 25    Referring now  to  Figures 7A-7D  to
Referring back to Figures 5A and 5B, the  90 explain how  this writing
operation works, leading edge of this "detected character pulse" Figure 7A
shows a typical example of write  energizes an "anti-reset one-shot"
(Figure 5A) pulses supplied to the track 1 write circuit which supplies the
"anti-reset signal" of Figure 103 with the binary designations: for this
9E back to the write circuits of Figure 8. 30  Figure 7A example shown
above the write  The leading edge of this "anti-reset signal"  95 pulses.
Figure 7B shows the current that passes  energizes a "skew delay one-shot"
133 whose through the write head 107 in response to  trailing edge
energizes a "crosstalk inhibit the write pulses of Figure 7A. It can be
seen  one-shot" 136 (See Figure 9F). The output that the current in the
coil will change direc-  of the "crosstalk inhibit one-shot" 136 is 35
tion each time a binary 1 is received by the  normally at the "1" level
until energized, at 100 trigger flip-flop 105. The resulting flux den-
which time it goes to the "0" level, as shown sity in the tape is shown in
Figure 7C. Now, in Figure 9H. when the tape having the flux density pattern
Briefly referring back to Figure 8, this of Figure 7C is passed by a read
head coil, "anti-reset signal" is supplied to one input 40  the voltage
developed in the read head coil  of another NAND gate 129 which is con- 105
will be as shown in Figure 7D since a voltage  nected  in  back-to-back
fashion  with the is induced in the read head coil each time it  NAND gate
126. Since the output of NAND passes a "change in flux density" in the
tape. gate 126 is presently at the "1" level (because The resulting binary
representations for this  the output of NAND gates 125 is "0") a 45  read
head voltage of Figure 7D are shown  magnetic mark having just been
detected and  110 below the read head voltage waveforms and  the
"anti-reset signal" is now at the "1" level, corresponds with the binary
representations  the output of NAND gate 129 will go to of the original
data word of Figure 7A, as  the "0" level to form the output of NAND
expected.                                  gate 126 to the "1" level for
the time dura- 50    Now referring to Figure 8, there is shown  tion of the
"anti-reset signal", as shown in  115 the track 1 read circuit 114 in
detail, the  Figure 9D. Thus, it can be seen that the tracks 2-7  read
circuits 115-120 being  track 1 read circuit output will be at the "1"
identically the same therewith. A read head  level for the duration of the
"anti-reset signal" coil 21 senses the changes in magnetic flux  provided a
magnetic mark had been detected 55  density in the tape as it passes by,
and supplies  in the first place.                120 the resulting read
voltage pulses to an ampli-    The "crosstalk inhibit signal", when it goes
fier 122 which provides a ground reference  to the "0"' level, effectively
inhibits the detec- potential for these read head voltage pulses. tion of
any further magnetic marks by forcing Since the voltage pulses induced in
the read  the output of NAND gate 125 to the "1" 60  head 121 can be of
either polarity, a full-  level. Since the "crosstalk inhibit signal" is
125 wave rectifier 123 is utilized to convert all of not generated, until
after a delay for skew as the pulses to one polarity and supplies them
shown in Figures 9F and 9H, the read cir- to the signal input of a voltage
comparator  cuits will not be inhibited until after the 124. The voltage
comparator 124 compares  delay for skew so as to insure that any mag- 65
these read head voltage pulses with a refer-  netic marks on the tape will
be detected even  130    8                                        1,345,581
8 if the read heads are askew with respect to  to each P pulse, and thus in
response to each the tape. Thus, with these "anti-reset", "skew  magnetic
mark detected on the tape. Looking delay", and "crosstalk inhibit"
functions, the  at Figures 10A-10C, there are shown the read circuits will
be less sensitive to noise  "start tape" command", motor velocity, and 5
without producing errors due to skew, and  P. pulses respectively. The
inscribing pulses, 70 yet the read circuits will provid  a long time
designated PW1, PW2, and PW3 to corre- duration output signal once a
magnetic mark  spond with character 1, character 2, and char- is detected.
Since the "anti-reset signal" per-  acter 3 are shown in Figures lOG-10I
respec- forms this function for all of the read circuits,  tively. In
addition, the character counter 135 



10 the output signals from all of he read cir-  generates a pulse PW3+6,
shown in Figure  75 cuits which have detected magnetic marks  10J, which is
coincident with the third char- will be turned off (go to "0") at the same
acter inscribing pulse PW3 in the Regular time. (However, these outputs
signals may not  and CDM  modes of operation. The character all be turned
on (go to "1") at the same  counter 135 also generates a pulse designated
15 time because of skew) Now referring back to Figure 5, the lead-  PR3+6
which is at the "1" level from the  80 ing edge of the pulse generated from
the  leading edge of the first character inscribing "skew delay one-shot"
133 energizes a "P[err]  pulse PW1. to the leading edge of the third-
one-shot" 134 (Figure 5A). The trailing edge  character inscribing pulse
PW3. 20  of the [err] pulse, shown in  Figure 9G, is    Now referring back
to Figures 5A and 5B, utilized to advance a character counter 135 (Figure
5A), which produces 5  output signals  the trailing, edge of the PR3+6
pulse resets  85 designated PW1, PW2, PW3,  R3+6 and  the "motor flip-
flop" 98 via an OR gate 143. PW3 + 6. A "permit writing pulse" (PWP)
(Figure 5A). Thius, it can be seen that, in the 25  is generated from an
AND gate  42 to strobe  regular and CDM  modes, each time the the character
counter 135 for  producing the  "motor flip-flop" 98 is set, the three
inscrib- character counter output signals PWl, PW2, ing pulses PWI, PW2,
and PW3 will be  90 PW3, and PW3 +6. These are utilized by  generated from
the character counter 135 and the tape control circuits to read  r write
data  the "motor flip-fop" 98 will be reset substan- 30  on the tape. When
reading data from  the  tially simultaneously with the generation of the
tape, it is necessary to not.generate these  third character inscribing
pulse PW3. "permit writing pulses" (PWP  until after    Now returning to
the discussion of the  95 the read circuits for all of the tape tracks
initiation of a transmission, it will be recalled have had enough time to
determine if there  that, to begin a transmission, the tape was 35  is a
magnetic mark in their respctive tracks. first set in the middle of the
initial erased sec- To this end, when reading data off of the tape  tion
and the start-stop switch 95 was moved for transmission, the "crosstalk
inhibit signal"  to the start position to set the motor flip-flop  100 is
inverted by an inverter 137 to produce a  98. Since the tape heads are now
in the positive going pulse whose leadin  edge ener-  middle of ahe initial
erased section, no mag- 40  gizes a delay one-shot 138 by wa of an AND
netic marks will be detected and thus there gate 139. The AND  gate 139 is
enabled  will be no [err] pulses to advance the character during the
reading of data by   read-write  counter 135. Thus, the "motor flip-flop"
98 105 switch 140 which is in the  "read"  position  will not be reset by
the trailing edge of for transmission of data. The trailing edge of 45  the
output pulse from  the delay one-shot  PR3+,6, there being no PR3 + 6. 138
energizes a "P one-shot" 14 whose out-    The tape control circuits act to
inform the put pulse shown in Figure 9J, is supplied to  data phone
interface that a data gap in the the NAND  gate 142 to produce the PWP
tape was detected, and additionally whether 110 pulses. (In the transmit
mode of operation, the gap was a record or file gap. To this end, 50  the
"permit writing" input signal to AND  a "gap delay circuit 144 produces an
output gate 142 is always at the "1"     By this  signal indicative of the
detection of a gap by means, the PW1, PW2, and           pulses
determining if the tape has moved for a given which are coincident with the
PWP pulses, time (and thus for a given distance) without 115 will not be
generated to read data off of the  detecting a magnetic mark. To accomplish
55 tape until it is insured that the read circuits  this, the normal output
of the "motor flip- for each track have had an opportunity to  flop" 98 is
supplied to the "gap delay cir- detect whether or not a magneic mark is
cuit" 144 via in inhibit gate 145 which present. The description of how
these PWP  inhibits the application of a voltage to the 120 pulses are
generated when data is  be written  "gap delay circuit" 144 if "detected
char- 60  on tape will be deferred until the receiving  acter pulses" are
being generated from  the mode of operation is discussed.            read
circuits of Figure 8. The "gap delay Now concerning how data is read from
the  circuits" 144 could suitably comprise a shunt tape, when Regular or
CDM  data is being  capacitor which charges up through a series 125
processed, the character counter 135 will resistor connected to the output
of the inhibit 65  generate a separate inscribing pulse in response  gate
144 at a desired rate, and a Schmitt    9
1,345,581                                       9 trigger for generating an
output signal upon  is always word 1. It can be seen that the last the
charge on the capacitor building up to a  three stages are set aside for
the run #1, run given voltage level. This output signal from   #2  and run
#3  designations respectively. the "gap  delay circuit" 144 energizes a
Stages 2-13 are set aside for the binary coded 5  "detected gap one-shot"
146 which supplies a  decimal representations, as shown. The sync  70
signal designated "detected gap" to the data-  word, as shown in Figure
11C, has a "1" in phone interface 43 of Figure 1.              all 16
stages. Another delay circuit 147, designated "file    Now  referring to
Figures 3A-3C, 5B, gap delay circuit, is responsive to the "motor  1lA and
11B in conjunction, it can be seen 



10  flip-flop" 98 being set for a sufficiently long  that the character 1
inscribing pulse PWl  75 time interval to energize a "file gap one-shot"
energizes the decoder 149 so that as to con- 148 to supply a signal
designated "detected  nect the tracks 4-1 read circuit outputs to file gap"
to the dataphone interface. The "file  the tape read register stages 2-5
respectively; gap delay circuit" 147 is indentical in con-  the PW2
inscribing pulse energizes the neces- 15  struction to the gap delay
circuit 144 except  sary gates of decoder 149 so as to connect the  80 that
the delay time is substantially greater. In  tracks 4-1 read circuits to
shift register stages effect, a "detected gap" signal is generated for  6-A
respectively; and the character 3 inscrib- the case of record gaps and both
this signal  ing pulse PW3 energizes those gates in the and the "detected
file gap" signal are gener-  decoder 149 that connect the tracks 4-1 read
20  ated when file gaps on the magnetic tape are  circuits to shift
register stages 10-13 respec-  85 detected since file gaps are
substantially longer  tively. The sign bit which is recorded in track than
record gaps. By this means, the tape  5 of character 2 (See Figure 3A) is
placed in control circuits of Figure 5 can indicate to  stage 14 via an OR
gate 150a by the char- the dataphone interface what sort of a gap is  acter
2 inscribing pulse PW2 strobing an AND 25  presently being read.
gate 150 so as to connect the track 5 read  90 Eventually the first file
(i.e., the identifica-  circuit to the fourteenth shift register stage.
tion file) will reach the tape heads. When this  The even line parity bit
of stage 15 is inserted happens, the "detected character pulses" from  into
the serial word by the dataphone inter- the read circuits of Figure 8 will
cause the  face circuits and thus, while in the tape read 30  generation of
[err] pulses from one-shot 134 to  register 63, the fifteenth stage always
has a  95 advance the character counter 135. After three  zero contained
therein for data words. such characters on the tape have been detected,
For depth words, the decoder circuits 149 the "motor flip-flop" 98 will be
reset to stop  are again responsive to the three character the tape motion.
These first three characters  inscribing pulses PWl PW2 and PW3 to con- 35
represent the first data word of the identifica-  vert the tape depth word
format of Figure  100 tion file, which are read from the tape and  3B to
the serial format of Figure 11B  in stored in the tape read register 63. To
accom-  the same manner as for data words. However, plish this, the tracks
1-4 read circuit outputs  from Figure 3B it can be seen that there are from
the read circuits of Figure 8 are supplied  depth marks recorded in one or
more char- 40  to a decoder 149 which acts to place the bits  acters of
track 6 to designate the run number. 105 read off of the tape in the proper
stages of  The three character inscribing pulses PW1, the tape read
register 63 in response to the  PW2 and PW3 strobe three AND gates 151,
three character inscribing pulses PW1, PW2  152 and 153 respectively to
connect the track and PW3.                                    6 read
circuit to each one of the first three 45    Before proceeding with the
description of the  shift register stages in accordance with the  110
circuits for converting the data read off of  depth word format of Figure
11B. the tape from the tape format to the serial    Recalling from Figure
3C that sync marks or shift register format for transmission, it 'are
recorded in tracks 5-and 6 of character 3; would first be desirable to
understand what  to designate a sync word, a complemented 50  the serial
format is. Referring to Figure 1lA, -there is shown  track 5 read output,
TR-5 READ, from an  115 the serial format for a well logging data word.
inverter 128 of Figure 8 is also connected to It can be seen that the first
and sixteenth shift  the inputs of all three AND gates 151, 152 register
stages are superfluous, always having  and 153 to inhibit these AND gates
if a mag- 55  "0s" contained therein. The second thorough  netic mark is
detected in both tracks 5 and 6. thirteenth stages contain the weighted
binary  This will prevent a sync word being mistaken  120 representations
[err] and the fourteenth and  for a depth word. An OR gate is responsive
fifteenth stages contain the signal and even  to stages 14-16 of the tape
read register line parity bit respectively; (The even line  63 to supply a
signal designated "detected 60  parity bit is not inserted until each data
word  depth read" to the dataphone interface to reaches the X/R register
67). In the serial  inform it when a depth word has been read  125 format,
word parity is even as opposed to the  off of the tape. tape format where
the character parity is odd.    To detect a sync word on the, tape, the
--Referring to Figure 11B, there is shown the  tracks 5 and 6 read circuits
are connected to 65  serial word format for the depth word, which  the
input of AND gate 154 as well as the    10
1,345,581                                         10 "read" signal from the
read-write switch 140.  from  the "transmit next file button' 165  65 The
AND gate 154 is strobed by the "permit  which supplies a "0" to the NAND
gate 164 writing pulse (PWP) to produce the signal  when closed. The NAND
gates 163 and 164 designated  "detected  tape   sync".  This  comprise a
"transmit next file flip-flop". 5 "detected tape sync" signal is su  lied
to the    With both inputs to the NAND gate 164 at dataphone interface for
purposes to be dis-  the "1" level (an open circuit constitutes a  70
cussed later and is also utilized to reset the  "1" for NAND gates), the
output of NAND character counter 135 to the proper state via  gate 164 is
at the "0" level. After inversion an OR gate 155 and to reset the "motor
flip-  by an inverter 166, the "transmit next file 



10  flop" 98. By so doing, a periodic check is  flip-flop" will hold an
"end of transmission maintained on the states of   e character  flip-flap"
167 and "request to send flip-flop"  75 counter 135 and the "motor
flip-flop" 98. At  16 the the reset states. The complementary the time the
sync marks are detected, the char-  output of the "request to send
flip-flop" 168 acter counter 135 should be in he condition  will then hold
a "synchronized clear to send 15  such that the next pulse P[err] pulse
will cause  flip-flop" 172 and "transmit data flip-flop" the generation of
the first chara  r inscribing  173 reset.                             80
pulse PW1 and the tape shoul be  stopped.    Now  when the start-stop
switch 95 of It should also be mentioned here  that the "start  Figure 5A
is moved to the start position, the pulse" STP generated from th
"start-pulse  "transmit next file flip-flop" 169 will still 20  one-shot"
96 also resets the chaacter counter  be in the reset state because the
normal out- 135 to its initial condition state via the OR  put of the
"request to send, flip-flop" 168 is  85 gate 155 to insure that the first
inscribing  still at the "O" level (the normal output of pulse generated is
PW1.                     the "request to send flip-flop" 168 is another At
this point in time, with the first data  input to NAND gate 163). When the
"trans- 25  word of the identification file  sitting in the  mit next file
button" 165 is pressed down, as tape read register 63 and the "motor flip-
represented in Figure 13A, the output of the  90 flop" 98 in the reset
state because of the  NAND gate 164, and thus the output of the "transmit
next file flip-flop" 169 will go PR3 + 6 signal from  the character counter
to the "1" level as shown in Figure 13B. 135, nothing else happens unti a
"transmit  This will remove the resets on the "end of 30  next file button"
is pushed.However before  transmission flip-flop" 67 and "request to  95
continuing with the operation, t would first  send flip-flop" 168. The
rising edge of the be desirable to briefly discuss how the tele-  output of
the "transmit next file flip-flop" also phone company dataset operates By
utilizing  energizes a "transmit next file one-shot" 170 a phase comparison
technique where the phase  which generates the "transmit next file pulse"
35  of one signal is compared with the phase of  of Figure 13C to reset
various circuits within  100 the last preceding received signal, two bits
at  the dataphone interface. The output of the a time are transmitted over
the telephone line.  NAND) gate 164 going to "1" enables an This is called
"dibit transmission". When transmission is initiated, the    smitting and
AND gate 171 whose other input is the dibit 40  receiving datasets must
establis  phase syn- chronism, perhaps better defined as bit syn-  clock
transmit (DCI) signal from the tele- chronism. The dataset provides  e
dataphone  phone company dataset (See Figure 13D)    105 interface with a
"serial clock"which is used    To synchronize with the dibit (two bits at
to shift data to or from  the  ataset Since  a time) transmission, the
first falling edge of 45  two bits at a time are transmitted, the data-
phone interface starts supplying bits to the  the dibit clock transmit
signal sets the "request dataset in synchronism with a "dibit clock"  to
send flip-flop" whose normal output sup- which the dataset provides it
(not the "serial  plies the "reequest to send" signal of Figures 110
clock").                                    13E. to the telephone company
dataset. (A 50    Concerning now the next step to be taken  mode  selected
switch  70G  grounds the to transmit the data over the telephone line,
"request to send" line in the "received" mode refer to Figure 12 which
shows transmit con-  of operation). The "request to send" signal trol
circuits for controlling the transmission  also causes the "transmit next
file fliflop" 115 of data over the telephone line and Figures  169 to
remain in the set state even after the 55  13A-13K( which show the tindng
diagrams  "transmit next file button" 165 is released. of the operation of
the Figure  12 circuits.  (It is therefore necessary to hold the "trans-
When the start-stop switch 95 of Figure 5A  mit next file button" 165 down
for a short was in the stop position, the start signal  time interval to
insure that the "transmit next 120 which is supplied to one input of a NAND
file flip-flop" 169 has been set). When the 60  gate 163 was at the "0"
level, thus forcing  telephone  company  dataset receives  the the output
of NAND  gate 163 to the "1"  "request to send" signal from the dataphone
level. This output of NAND gate 163 is sup-  interface; it places carrier
signal on the tele- plied to one input of another NAND gate  phone line to
establish bit synchronism with  125 164, the other input thereto being
supplied  the receiver at the other end. As soon as syn-    chronism
between the transmitter and receiver  words that are being transmitted, the
"trans- is established, the telephone company dataset  mit clock" pulses
are counted by a bit counter will supply a "clear to send" signal, shown in
184 which receives them by way of an OR Figure 13F, to one input of an AND
gate  gate 185. (Figure 15A). Since the X/R register  65 67 shifts data on
the trailing edge of the 5   174 which enables the dibit clock transmit
"transmit clock pulses", the bit counter 184 signal from the dataset to set
the "synchron-  advances in response to the trailing edge of ized clear to
send flip-flop" 172 on its first  the "transmit clock" signal also. The bit
falling edge.                               counter 184 can comprise a
suitable four  70 The normal output of the "synchronized  stage binary
counter with the normal output 



10  clear to send flip-flop" 172 enables an AND   of the last stage
comprising the output of gate 175 which passes a signal designated  the bit
counter itself. Thus, the output of the bit counter will change states
every eight bits "serial clock transmit" (SCT), shown in Figure  and thus
the falling edge of the output pulse  75 13H, from  the telephone company
dataset.  will occur every 16 bits. The output of AND gate 175 is
designated    As seen in Figure 15A, this trailing edge 15  "transmit
clock" and is utilized to shift the  from  the bit counter 184 energizes a
delay data contained in the transmit/receive register  one-shot 185 via the
"X-MIT" (transmit) 67 (hereinafter called X/R  register) to the  position
of a mode selector switch 70b, which  80 telephone company dataset on its
falling edges.  is mechanically ganged with the mode selector This
"transmit clock" signal is shown in  switch 70a of Figure 1. The signal on
the 20  Figure 131 To insure that the dataphone  wiper arm of the mode
selector switch 70b interface  circuits have  sufficient time  to  is
designated X[err], the trailing edge of the stabilize before the first bit
is shifted out of  output pulse X[err] from  delay one-shot 185  85 the X/R
register 67, a capacitor 176 is placed  energizes a "[err], one-shot" 186
which gener- on the output of the AND gate 174 so that  ates a pulse
designated X[err]. The trailing edge 25  the "synchronized clear to send
flip-flop" 172  of the X[err] pulse energizes a "X[err] one-shot" is not
set until after the falling edge of the  which generates a pulse designated
X[err], and the trailing edge of X[err] energizes a "X[err] one-  90 DCT
signal, which sets it in the first place,  shot" which generates a pulse
designated X4. has passed. This delay can be seen in Figure  These pulses
X[err], are util- 13C which shows the "synchronized clear to  ized for
various timing functions in the data- 30  send signal" and Figure 131 which
shows the  phone interface circuits, which will be dis- delay before the
"transmit clock" signal is  cussed later.                               95
place has passed. This delay can be seen in    The dataphone interface
circuits of Figure 15B also include circuitry for generating high
generated. By utilizing the DCT signal to  frequency  shift pulses  for
shifting  data set the "synchronized clear to send flip-flop"  between the
dataphone interface 43, tape con- 35  172, the shifting of bits to the
dataset will  trol circuits 42, playback circuits 50, and dis- 100 be in
synchronism with the dibit transmission.  play circuits 52. To this end,
the leading Before describing how the first data word  edge of the timing
control pulse X[err], shown which is still sitting in the tape read
register  in Figure 16A, sets a "shift oscillator control 63 of Figure 5B
is transferred to the X/R  flip-flop" 201 after a suitable delay by a delay
40  register 67, it is first necessary to describe  one-shot 200m as shown
in Figures 16B and  105 various circuits contained in the dataphone  16C.
Since X[err] is utilized as a data transfer interface 43. The dataphone
interface is shown  window, the delay insures that the generated on three
separate sheets of the drawings.  shift pulses occur after the initiation
of the Figure 14 shows how the dataphone interface  window. The normal
output of the "shift 45  circuits of Figures 15A, 15B and 15C are
oscillator control flip-flop" 201 enables a  110 to be positioned with
respect to one another  "shift pulse oscillator" 202 to generate a plur- to
make a complete diagram of the dataphone  ality of shift pulses shown in
Figure 16D. interface circuits.                         These shift pulses
are counted by a four Now referring to Figure 15B of the data-  stage
binary counter 203, whose fourth stage 50  phone interface circuits, the
transmit control  resets the "shift oscillator control flip-flop"  115
circuits 182 of Figure 12 make up a portion  201 after 16 shift pulses have
been counted. of the interface circuits of Figure 15B. The  The output
pulse waveforms from  the four "transmit clock" signal generated from  the
stages of binary counter 203 are shown in transmit control circuits 182 is
supplied to  Figures  16E-16H   respectively.  As  will 55  the X/R
register 67 via an OR gate 183  become apparent later, it is also desirable
to  120 (Figure 15C) so to to shift the data out of  generate 14 shift
pulses coincident with the the X/R  register 67 back to the transmit  last
14 shift pulses from  the "shift pulse control circuits. 182 for
application to the tele-  oscillator" 202. To accomplish this, the last
phone company dataset. Remembering from  three stages of binary counter 203
are com- 60  Figures llA-l1C that the serial word format  bined in an OR
gate 204 to enable an AND  125 utilizes 16 bits per word, to keep track of
the  gate 205 to pass only the third through six-    12
1,345,581                                        12 teenth shift pulses
from oscillator 202. These  of the sequence 12 output signal from the  65
14 shift pulses from AND gate 205 are shown  matrix 194 triggers an "even
frame flip-flop" in Figure 161. By comparing Figures 16D-   195, which is
the first stage of a frame counter 161, it can be seen how this occurs.
180. Each time the normal output of the "even 5    The dataphone interface
circuits also keep  frame flip-flop" 195 falls, a binary counter track of
which word is being  pocessed in the  196 is advanced by one count The
normal 70 transmisison equipment durin  any given time  output of the "even
frame flip-flop" and the interval. To  accomplish    s, a  sequence
outputs of the various stages of the binary counter 189 (Figure 15A) is
tilized to count  counter 196 are applied to a binary-to-decimal 10  each
serial word indication  .e. falling edge  matrix 197 which produces a "1"
on three 



of X[err]) from the bit counter 1 4. To this end,  output leads designated
3, 4 and 20 during  75 a first "divide by 2" stage 19 of the sequence  the
third, fourth and twentieth frames respec- counter 189 is triggered on  e
trailing edge  tively. These third, fourth and twentieth frame of the
X[err] pulses. The trailing edge of the  signals are supplied to the
transmit control 15  output pulses from the "divile by 2" stage  circuits
182 and to the receive control cir- 190 energizes a three stage "divide by
6"  cuits 195.                                  80 counter 191 via an AND
gata 192 and OR         The sequence counter 189 and frame counter gate
193. For Regular and  CDM  tapes, the  180 are iniitally placed in their
proper initial states by the "start pulse" STP from the tape odd signal
applied to the other input of the  control circuits. For Register or CDM
logging 20  AND gate 192 will be at the"1" level. The  tapes, the STP pulse
sets the sequence counter  85 output of the AND gate 192 as well as the
189 to sequence 12 by way of an AND gate outputs from the three stage
"divide by 6"  206, whose other input is the control signal counter 191 are
applied to a b nary-to-decimal matrix 194 (Figure 15A) which converts the
"ODD WOKD" from an inverter 207, which 25  binary  representations from
the  sequence  is turn is responsive to the control signal counter 189 to
decimal repre  tatious. Thus,  "ODD WORO" from the selector switch 181. 90
the sequence 1 output only will be at the "1"  When the format selector
switch 181 is in the level during the 16 bits corresponding to  CDM
poistion, and AND gate 208 is enabled sequence 1; the sequence 2 output
line only  to allow STP to set the "even frame flip- 30  will be at the "1"
level during the next 16  flop" 195 to the even frame position. The bits
corresponding to the net sequence, etc.  "transmit next file pulse" (TNFP)
from the  95 Before proceeding with the Discussion of the  transmit control
circuits 182 then resets the remainder of the Figure 15 circuitry, it would
sequence counter 189 to sequence 1 by way first be desirable to explain the
distinction  of a pair of OR gates 178 and 179 and the 35  between a
sequence and a word. A "sequence"  frame counter 196 to zero ("even frame
flip- is a basic unit of time utilized in the trans-  flop" 190 to "odd
frame") by way of the 100 mission equipment of the present invention,  OR
gate 178 so that the first transmitted word while a "word" is data written
on the tape  will be word 1 of frame 1. Additionally, the or being
processed in the  transmission cir-  bit counter 184 is reset to zero by
way of 40  cuits, or transmitted. The transmission equip-  the OR gate: 178
and another OR gate 177. ment utilizes 12 sequences in   , 12 sequences
Both the STP and TNFP resets occur once 105 being equal to one "frame" of
data. There  at the initiation of transmission (TNFP at will always be 12
sequences during each frame  initiation of each file). (Actually, the STP
but there may not always be  word processed  reset is not absolutely
necessary since TNFP 45  in each sequence (one exception to this will
resets these circuits again). be discussed later). To establish uniformity
The counters are periodically checked for 110 of nomenclature between  the
words and  synchronism  by the "detected tape sync" sequences, the sequence
at the tansmitter dur-  signal from the tape control circuits. It will ing
which a word is transmitted over the tele-  be recalled that for regular
logging tapes, this 50  phone line will be numbered  e same as the  tape
sync occurs every word 12 and for CDM word. On the other hand, at  e
receiver, the  tapes, it occurs during word 12 of "odd  115 sequence during
which a wo  is recorded on  frames" only. The "detected tape sync" signal
tape will be numbered the same as the word  from  the tape control circuit
resets the being recorded. Since the telephone transmis-  sequence counter
189 to sequence 11 by way 55  sion equipment of the present invention reads
of an AND gate 222 which is enabled by the a word off of tape one sequence
before it is transmitted, word 5, for example, would be  control signal
"ODD WORD" for Regular, 120 read off of the tape during  equence 4 and  CDM
and HDT tapes. (The sequence counter transmitted during sequence 5. At the
receiver,  189 is reset to sequence 11 since word 12 is 60  word 5 will be
received during the receiver's  read off of type one sequence earlier,
i.e., dur- sequence 4 and recorded during the receiver's  ing sequenc  11).
Since the tape sync is sequence 5. Thus, the receiver is one sequence
recorded only in "odd frames" of CDM tapes, 125 behind the transmitter.
the "detected tape sync" signal, in addition Referring to Figure 15B the
trailing edge  to resetting, the sequence counter 189 to    13
1,345,581                                       13 sequence 11, resets the
"even frame flip-flop"  receiving equipment will automatically make 195 to
the "odd frame" position by way of  a gap on the magnetic tape at the
receiving an AND  gate 232 enabled by the control  end until the
transmitter tells it to start writ-  65 signal CDM.
ing data on the tape. During the transmission 5    Now concerning the
transmission of line  of a gap, the transmitter will transmit a sync sync
words, when transmitting a regular log-  word during sequence 1 of every
frame but ging tape, a line sync word consisting of all  will transmit all
"O's" during sequences 2-12. 1/s is transmitted as word 1 during every  The
transmitter signals the receiver whether a  70 sequence 1 unless a depth
word is transmitted.  record or file gap is being transmitted by the 10 To
this end, the sequence 1 signal from the  presence or absence of a sync
word during 



matrix 194 is supplied to the transmit control  the third frame of
transmission. The absence circuits 182 via an AND gate 198 as the "line  of
a sync word during the third frame indi- sync sequence" signal. The other
input to  cates a record gap and the presence of a sync  75 AND gate 198 is
derived from the output of  word during the third frame indicates a file 15
an OR gate 199, whose inputs are the control  gap. By so doing, the
receiver can prepare itself to begin writing data at precisely the signal
CDM  derived from  the transmission  right time. format switch 181 and the
complementary out-    Now, with the "synchronized clear to send  80 putput
of the "even frame flip-flop" 195. flip-flop" 172 in the set state and the
"trans- When Regular well logging data is being  mit data flip-flop" 173
still in the reset state, an AND gate 220 is enabled to produce a 20
transmitted, the CDM  signal will be at the  "1" every time the "line sync
sequence" sig- "1" level and thus the "line sync sequence"  nal goes to the
"1" level. The other input to  85 signal will be "1" during every sequence
1. the AND gate 211 is at the "1" level at this On the other hand, during
the transmission of  time. The output of the AND gate 220 is supplied to
one input of an OR gate 221 a CDM, the CDM  control signal is at the  whose
output is the "send data" signal which 25   "O" level so that the "line
sync sequence"  is supplied to the telephone company data-  90 signal will
be generated only during sequence  set. This "send data" signal constitutes
the 1 of every "odd frame" during transmission  PCM  data to be transmitted
by the dataset of CDM  tapes.                             44. Another way
of saying this is that the Now referring back to the transmit con-  dataset
44 periodically samples the voltage on 30  trol circuits of Figure 12, it
will be recalled  the "send data" line.              95 that the discussion
left off with the first data   Since, for regular logging tapes, the "line
word of the identification file still sitting in  sync sequence" signal is
"1" during every the tape read register 63 of the tape control  sequence 1
of every frame, which is the circuits, and the "transmit next file button"
sequence during which word 1 is transmitted, 35  165 has been energized to
allow the trans-  word 1 will consist of 16 "l's" (i.e., a sync 100 mitter
and receiver to obtain synchronism   word). When transmitting CDM tapes on
the with one another. After synchronism  was  other hand, the "line sync
sequence" signal established, the "synchronized clear to send  will go to
the "1" level during sequence 1 of flip-flop" 170 was set shortly after the
"clear  odd numbered frames only and thus the CDM 40  to send" signal was
received from the dataset,  sync word will be transmitted during sequence
105 thus allowing the "transmit clock" to be sup-  1 of odd numbered frames
only. plied to the transmit/receive register, 67 and    To terminate the
transmission of a gap at the bit counter 184 of Figure 15. It will also
the right time, one of the AND gates 212 or be recalled that the tape
control circuits of  213 is enabled by either the normal or com- 45 Figure
5 had generated both a "detected gap"  plementary outputs of the "gap
detector fip- 110 signal and a "detected file gap" signal to the  flop" 210
to allow the trailing edge of either dataphone interface since the tape had
initially  the "4th frame" or "20th frame" signals from been placed with
the tape heads in the middle  the matrix 197 to set the "transmit data
flip- of the initial erased section.             flop" 173. Thus, if a
record gap is being 50    The leading edge of the "detected gap"
transmitted, data can be transmitted after a 115 signal from the tape
control circuits is utilized  4 frame gap and if a file gap is being trans-
to set a "gap detector flip-flop" 210 whose  mitted, data can be
transmitted after a 20 normal output is supplied to one input of a  frame
gap. NAND gate 211 and one input of an AND        If a record gap was
detected on the tape, 55  gate 212. The leading edge of the "detected  the
normal output of the "gap detector flip- 120 file gap" signal from the tape
controf circuits  flop?' 210 supplies a "1" to the input of the resets the
"gap detector  flip-flop" 210 which  NAND gate 211 so that during sequence
of causes its complementary output to enable an  1 of frame 3 (the sequence
1 and frame .3 AND. gate 213. Thus, the "gap detector flip-  signals are
the other two inputs to NAND) 60 flop" 210 memorizes whether the "detected
gate 211), the AND gate 220 is disabled so 125 gap" was a record gap or a
file gap.      as to inhibit the generation of the sync word Every time a
transmission is initiated, the  during frame 3. On the other hand, if a
file    14                                        1,345,581
14 gap was detected, the normal output of the  dataphone interface to the
tape read register  65 gap detector 210 is at the "O" level thus  63. This
"shift tape read register window" maintaining the AND gate 220 enabled dur-
also enables an AND gate 226 which passes ing sequence 1 of frame 3 so a to
transmit a  the "read PCM  data" from the tape read 5  sync word at that
time. By  o doing, the  register 63 to the dataphone interface of receiver
is informed of what ype of gap is  Figure 15.
70 being transmitted.                            Referring back to the
dataphone interface Now with the "transmit data flip-flop" 173  circuits of
Figure 15C, the "read PCM data" set, the AND gate 220 is pemanently dis-
from the tape control circuits of Figure 5 is 10  abled by the
complementary output of the  serially shifted to the transmit buffer
register 



"transmit data flip-flop" 173 going to "0"  66. The shift pulses from the
transmit buffer  75 and a plurality of AND gates  14-217, 233  register 66
are derived from an AND gate 228 and 234 are enabled to supply arious
control  which is enabled by the timing control pulse signals throughout
the transmission equipment  X[err] to pass 16 shift pulses from the
oscillator 15  and to enable the transmission  of data. The. 202 It will be
recalled that the "shift tape AND gate 215 is enabled to  ass the timing
read register window" occurred during X[err]. to  80 control signal X[err]
to produce the pulse desig-  shift the data word out of the "tape read
nated "step tape (X-MIT)",  ich is utilized  register" 63. Next, the
"transfer X/R register to set the "motor flip-flop" 98  of the tape
window" from the transmit control circuits 20  control circuits. The AND g
te 216 passes  182 enables a plurality of parallel gates 229 the timing
control pulse X[err]  to produce the  to parallel shift the data contained
in the  85 signal designated "shift tap  read register  transmit buffer
register 66 to the X/R register window". The AND gate 214 passes the tim-
67. Recalling from Figure 11A that the shift ing control pulse X[err], to
produce the signal  register stage #15 contains the even line 25
designated "transfer X/R register pulse". The  parity bit an "even line
parity X-MIT flip- AND gate 217 produces the signal   designated  flop" is
triggred on the falling edge of each  90 "recorder motion X-MIT",   cept
when in  pulse of the tread PCM data" from the tape either the  CDM   or
HDI mode. This  control circuits. This "read PCM  data" is combined with
the 16 shift pulses from AND CDM+HDT is derived in F         15B from
gate 228 in an AND gate 227 for application 30  an inverter 218 whose input
derived from  to the trigger input of the parity flip-flop 230. 95 the CDM
and HDT positions of the format  Thus, the parity flip-flop 230 will change
selector switch 181 via an OR   gate 219.    states one time for each "1"
in the "read Referring back to Figure  15A-C, the  PCM data" word from tape
control circuits. "step tape command (X-MIT)  "signal from        The
parity flip-flop 230 is initially placed 35  the transmit control circuits
182 is passed via  in the reset state by the timing control pulse 100 the
"X-MIT" position of a mode selector  X[err] which passes via an OR gate 231
to reset switch 70c, which is mechanically ganged with  it Thus, the normal
output of the "even line the mode selected switches 70a and 70b, to  parity
flip-flop" will be "1" at the end of the produce the "step tape command"
signal which  shifting operation if an odd number of l's 40  is passed to
the tape         circuits. The  were present in the "Read PCM data" word
105 "shift tape read register windw (X-MIT)" is  transferred from  the tape
control circuits. passed via the "X-MIT" pos tion of a mode  This normal
output of the parity flip-flop 230 selector switch 70d, which is
mechanically is transferred via the parallel gates 229 to ganged to the
mode, selector switches 70a-   stage #15 of the X/R register 67 resulting
45  70c, to produce the "shift ta e read register  in an even number of 1's
therein. For depth  110 window" for application to the tape control  words,
the "even line parity flip-flop" 231 is circuits.
held reset by the sequence 1 signal via the Now  referring back to the
tape control  OR gate 231 so that the run #2 depth mark circuits of Figures
5A and 5B the "step tape  (see Fig. 11B) can be placed in stage #15 of 50
command" signal from the   taphone inter-  the X/R register 67 for depth
words. With  115 face is passed via an inhibit ate 223, which  the first
data word contained in the X/R is disabled at this time, and an AND gate
register 67, the shift pulses from the OR gate 224 and OR gate 100 to the
et input of the  183, which in the transmit mode are the "motor flip-flop"
98. The oth  input to AND   "transmit clock" pulses, shifts the data out of
55  gate 224 is the normal output of the "file  the X/R register 67 back to
the transmit con- 120 length flip-flop" 97 which   s set by the  trol
circuits 182. start pulse STP. With the "motor fip-flop"    Turning to the
transmit control circuits 98 set, the tape begins moving again    . Now,
182 of Figure 12, the X/R data from the X/R with the tape moving, before
any "detected  register 67 is supplied to one input of an 60  character
pulses" are genera  from the read  AND  gate 233, which is enabled by the
125 circuits of Figure 8, the shift tape read  "transmit data flip-flop"
173 which was set register window" from the da phone interface  at the end
of the gap. The PCM transmit data enables an AND gate 225 which applies the
from AND gate 233 is supplied via the OR 16 shift pulses from the
oscillator 202 of the  gate 213 to the telephone company dataset    15
1,345,581                                         15 for transmission. A
better way of looking at  for reading the next data word off of tape this
is to say that the output of OR gate  and placing it in the tape read
register 63. 65 121 rises or falls with each falling edge of the  After the
third magnetic mark is detected on "transmit clock shift pulses" in
accordance 5  with the serial data word, and the dataset  the tape, the
trailing edge of the PR3+6 samples the output of OR gate 221 sometime
signal resets the "motor flip-flop" 98 again. between each shift.
Referring to Figures 15A-15C, after the To transmit the sync word in
response to  last bit of the first data word has been trans-  70 the "line
sync sequence" signal from the AND   mitted, the falling edge of X[err]
(i.e., the six- 10  gate 198 of Figure 15B, the AND gate 234  teenth bit)
again causes the generation of the 



is utilized. When the "transmit data flip-flop"  X[err] tming control
pulses and 173 becomes set, the AND gate 234 is enabled  advances the
sequence counter so that the to generate a sync word via the OR gate 221
matrix 194 will remove the sequence 1 signal 75 whenever the "line sync
sequence" signal goes  and replace it with the sequence 2 signal. As 15 to
"1". This sync word is transmitted as before, the tape motor is started
again by word 1 of every frame in the transmission of  X[err] ("step tape
command") and the word con- regular logging tapes and in every "odd  tained
in the tape read register 63 is shifted frame" during the transmission of
CDM tapes,  to the transmit buffer register 66 by X[err]   80 unless a
depth word had been read off of the  ("shift tape read register window"),
which also 20  tape. Recalling from the discussion of Figure  causes
generation of the high frequency shift 5B, that a signal designated
"detected depth  pulse. The X[err] pulse ("transfer X/R register read" from
the OR gate 157 is generated  window") then transfers the data to the X/R
whenever a "1" is placed in one of the last  register 67 for application to
the telephone com-  85 three stages of the tape read register 63, this
pany dataset for transmission. This process 25  "detected depth read"
signal from the tape  continues over and over again until the end control
circuits is supplied to one input of an  of the file is reached. AND gate
236 in the dataphone interface cir- cuits of Figure 15A. The other inputs
to this    Referring to Figures 17A-171, there are AND gate are the
sequence 1 signal from the  shown timing diagrams useful in explaining  90
30  matrix 194 and the timing control signal X[err].  how the data words
are read off of the tape Thus, the AND gate 236 will reproduce the  and
transmitted. Figure 17B shows the tape 2[err] timing pulse only if the tape
control cir-  movement during which each character is cuits indicate that a
depth word had been  read off of the tape and stored in the "tape read off
the tape during sequence 1.        read register" 63 of Figure 5B. As
repre-  95 35    This X[err] pulse sets a "depth display flip-  sented in
Figure 1A, word 5 is read from flop" 237 which is held reset during every
the- tape during sequence 4. While word 5 was being read from the tape, the
"transmit sequence but sequence 1 by the sequence 1  clock" signal (not
shown in Figure 17) was signal from an inverter 238. (Recall that depth
shifting word 4to the dataset for transmission. 100 words are transmitted
only during sequence  After the 16th bit of word 4 is shifted out of 40
1). The complementary output of the "depth  the X/R register 67 to the
dataset, X[err]. goes display flip-flop" 237 supplies a signal desig-  from
the  "1" to "0" level, as shown in Figure 17C to produce the timing control
nated depth to the transmit and control cir-  pulses X[err], of Figures
17D-F  105 cuits of Figure 12 to disable the AND gate  and H respectively,
as well as the shift pulses 234 so that a sync word cannot be transmitted
of Figure 17G. Since the falling edge of X[err] 45  if a depth word has
been read off of the  advances the sequence counter 189 of Figure tape. It
will be recalled from the discussion  15A, the sequence changes to sequence
5 as of Figure 3B that a 1 is recorded in track 6  shown in Figure 17A. The
initiation of tape 110 of every word 1 in the identification file.
movement transfer of data from the tape read Thus, a "detected depth read"
signal will be  register 63 of Figure 5B to the "transmit 50  generated
from the tape control circuits dur-  buffer" register 66 of Figure 150, and
then to ing the first word of each frame of the ID  the X/R register 67 all
occur between the fall- file so that each word 1 of the ID file will ing
edge of the "transmit clock" pulse which  115 be transmitted instead of the
sync word.    produced the X[err] falling edge and the next Now returning
to the tape control circuits  rising edge of the "transmit clock". Because
55  of Figures 5A and 5B, at the same time that  Of space considerations on
the Figure 17 this first data word was being trasnmitted,     drawing, this
time interval had to be explained the "step tape command" (X[err],) from
the data-  in Figures 17D-H.                             120 phone
interface had caused the tape to move.   'When the end of a file is
reached, the data- This tape movement produced "detected char-  phone
interface will cause the termination of 60  acter pulses" which advanced
the character  transmission, but the tape motor will continue counter 135.
The character counter 135 as  running until the tape has moved through the
discussed earlier, generates the three char-  file gap, which precedes
every file. The first 125 acter inscribing pulses PWI, PW2 and PW3  word of
the next file will be read off of the    16
1,345,581                                         16 tape and stored in the
tape re d register 63  receiver, the "synchronized dear to send flip- of
Figure 5B before the tape  ops.         flop" 172 is set by the trailing
edge of the Referring now to the tape    trol circuits of Figure 5. and
Figures 18A-D in conjunc-  dibit clock transmit signal from the dataset 5
tion, the trailing edge of X[err] in Figure 18A   which enables the AND
gate211 tobegintrans- causes the generation of the "s   tape com-  mitting
sync words during sequence 1 of every  70 mand" of Figure 18B  which causes
tape  frame. Again, the presence or absence of a motion as shown in Figure
18C Now, assum-  sync word in frame 3 will indicate to the ing that the
tape reads the la t word of a  receiver whether a record or file gap was 10
file at this time, when the file  p is reached, detected and the "transmit
data flip-flop" 173 



there will be no "detected cha cter pulses"  will be set after four or
twenty frames depend-  75 for advancing the character  counter 135 to  ing
on whether a record or file gap was reset the "motor flip-flop"   . Thus,
the  detected. With the "transmit data flip-flop" "motor flip-flop" 98 will
remain in the set  173 set, the AND gates 214-217, 233 and 15  state along
enough to cause   e "gap delay  234 are again enabled and the transmission
of circuit" 144 and "file gap delay circuit" 147  the next file of data
begins. This process con-  80 to energize the "detected gap  ne-shot" 146
tinues over and over again until every file and "file gap one-shot" 148.
tape then  has been transmitted. advances through the file gap   stops
after    Now concerning how data is displayed dur- 20  reading the first
word of the next file and  ing the transmission of a tape, the 12 sequence
storing it in the tape read         63 of  outputs of the binary-to-decimal
matrix 194  85 Figure 5B, as represented in  Figure 18C     (see Fig. 15A)
are connected to 12 separate Referring back to the transmit control cir-
switch positions of a data display selector cuits of Figure 12, the leadin
edge of the  switch 244 (see Fig. 15B). For data display 25  "detected gap"
signal of Figure 18D sets both  of regular logging tapes, one sequence per
the "gap detector flip-flop" 21 and the "end  frame can be selected for
display. On the  90 of transmission flip-flop" 167 as shown, in  other
hand, for CDM tapes, one sequence per Figure 18E. The "detected   e gap"
signal  every other frame is selected for display since will then reset the
"gap detecto flip-lop" 210  the "slow signals" show up only every other 30
which memorizes that a file gap has been  frame. The wiper arm  of the data
display detected. When the "end of transmition flip-  selector- switch 244
enables an AND gate 245  95 flop" 167 is set, it enables an   gate 241
during the selected display sequence which so that the falling edge of
[err]  can reset the  allows the timing control pulse X[err] to pass
"request to send flip-flop" 168 as shown in  to the data display circuits
52 of Figure 1 35  Figure 18F. By waiting until   failing edge  as the
"data display window". When CDM of X[err], it is insured that the data word
being  data is to be displayed, an even-odd frame  100 presently
transmitted  has     completely  selector switch 246 selects either the
"even transmitted before terminating  transmission.  frame" or "odd frame"
signal from the "even When the "request to send    -flop" 168 is  frame
flip-flop" 195 for application to the 40  reset, the "synchronized clea  to
send flip-  AND  gate 245 via an OR gate 247. To flop" 172, the "transmit
data fip-flop" 173,  insure that the AND gate 245 can be enabled  105 and
the "transmit next file flip-flop" 169 are  during every frame of regular
logging tapes, all reset. The resetting.of the       next file flip-flop"
169 causes the output of the  the control signal CDM  is also supplied to
45  inverter 166 to reset the "end of transmission  OR gate 247. Thus, for
CDM  tapes, data flip-flop" 167 (in readiness for the next "end  can be
displayed during a selected sequence of transmission"). The resetting of
the "request  of either the even or odd frames, not both. 110 to send
flip-flop" 168 removes the "request  As seen in Fig. 15C, the "read PCM
data" to send" signal from the dataset 44, thus shut-  from the tape
control circuits is supplied via 50  ting down the transmission.   e
resetting of  the transmit position of the mode selector the "transmit data
flip-flop' 173 disables  switch 70a (this is the same switch 70a shown AID
gates 214-217, 233 an  234 to inhibit  in Figure 1) to the data display
circuits 52  115 the data reading and shifting operations and  of Figure 1.
enables the AND gate 220   r transmitting    Now referring to Figure 19,
there is shown 55  the file gap just detected when the "   it  the depth
and data display circuits 52 of next file button" 165 of Figure 12 is again
Figure 1 in greater detail. The "data dis lay pushed.
window" (ust discussed) from the dataphone  120 At this time, the first
word of the next  interface enables an AND gate 249 to pass the file is
sitting in the tape read register and  14 shift pulses from the AND gate
205 of 60  the transmission is terminated. To initiate the  the dataphone
interface. It will be recalled transmission again,. the "transmit next file
that these. 14 shift pulses, designated "shift button" 165 is pushed down.
This causes the  14", represent the third through sixteenth  125 same
operation to occur as previously dis-  shift pulses (i.e last 14) generated
from the cussed. That is to say, after synchronism is  oscillator 202  of
Figure 15A. These 14 shift 65  established  between  the  transmitter  and
pulses shift the PCM  data from  the mode    17
1,345,581                                       17 selector switch 70a of
Figure 15 into a four-  coded decimal-to-decimal converter 255 for  65 teen
stage data display register 250 Referring  display by a depth display unit
256. back to Figure 11A for a moment, it will be    The transmission
equipment of the present recalled that stage 16 is an overflow stage
invention also has the capability of making a 5  always containing a "0".
It will also be  film recording of the data as it is being trans- recalled
that stage 15 contains the even line  mitted, as discussed in connection
with Figure  70 parity bit which is not inserted into the serial  1. It
will be recalled from the transmit con- PCM data until it arrives at the
X/R register  trol circuits of Figure 12 that the recorder is 67. Thus, the
"read PCM  data" supplied to  started when data transmission begins by 10
the data display circuits always contains "0's"  supplying the "recorder
motion (X-MIT)" 



in the last two stages. Since only the third  signal from AND gate 217 to
the recorder  75 through sixteenth shift pulses are applied to  drive
circuits 77 of Figure 1 by way of the entry register 250 the first two
bits, i.e., the  "X-MIT" positions of a mode selector switch bits that
would ordinarily be placed in shift  70K. Referring to Figlre 15C the
timing con- 15  register stages 15 and 16, have already passed  trol pulse
X[err] is passed via an AND gate 261 before the data display register 250
receives  to produce a signal designated "playback  80 the first shift
pulse. Thus the data contained  window" which is applied to the playback in
the data display register 250 represents  circuits. Another input to the
AND gate 261 stages 1 through 14 of Figure 11A. The data 20  stages of the
register 250 are applied to a  is the signal designated CDM+HDT which
binary-to-decimal converter 251 which con-  inhibits playback when either
HDT or CDM verts the data in to decimal quantities for  dipmeter data is
being processed. (It is not 85 display by a suitable data display unit 252.
necessary to have a photographic log of dip- The sign bit from the data
display register  meter data). The other input to AND gate 25  250 is
supplied directly to the data display  261 is the normal output of a
flip-flop 262 unit 252. If desired, the data display arrange-  designated
"even line parity receive flip-flop" ment shown in the aforementioned
Miller et  This flip-flop is set by the timing control 90 al Patent No.
3,451,544 could be utilized for  pulse X[err] during each sequence and
while in the data display circuits in place of those  the transmit mode of
operation, it never 30  shown in Figure 19.                        changes
to the reset state. Now referring to Figure 20, there is shown Concerning
the display of depth, it will be  the playback circuits 50 of Figure I in
greater  95 recalled from Figure 15A that the "depth dis-  detail. The
"playback window" (just discussed) play flip-flop" 237 is set each time a
depth  enables 14 shift pulses from the dataphone word is detected by the
tape control circuits of  interface to pass through an AND gate 264 to 35
Figure 5. The normal output of this "depth  shift the PCM  data from the
mode selector display flip-flop" 237 is passed via the  switch 70a of
Figure 15 into an entry register 100 X-MIT, INT, and RDP positions of a
mode  265. The fact that the 14 shift pulses are selector switch 70e, which
is mechanically  appropriately timed in relation to the 16 bit ganged to
the mode selector switches 70a-  word will insure that the first two bits
are not 40  70d, to the data display circuits as the "com-  entered into
the entry register 265 for the mand shift depth display" signal. Referring
same reasons as discussed earlier in connec- 105 back to Figure 19, this
"command Shift depth  tion with the data display circuits. Thus, the
display window" from the dataphone inter-  word contained in the entry
register 265 at face enables an AND gate 253 every time a  this time
corresponds to stages 1-14 of 45 depth word is read off of the tape.
Addition- Figure 1lA. ally, the "depth display window" from  the    Since
well logging data words are not nor- 110 dataphone interface, which is the
timing con-  mally negative, the playback circuits have the trol pulse
X[err],, is supplied to the AND gate  capability of detecting a negative
word and 253 to pass the 16 high frequency shift pulses  making its value
zero. To this end, the nor- 50  from the oscillator 202 of Figure 15A to
the  mal output of the fourteenth or sign-bit stage shift input of a 13
stage depth display regis-  (representing a minus sign) resets the entry
115 ter 254.                                   register 265 by way of an
AND gate 266 Looking at Figure 11B for a moment, it  which is strobed by a
"sign strobe one-shot" can be seen that stages 14, 15 and 16 contain  267
on the travelling edge of the "playback 55  the depth run number marks and
stages 2  window". (Recall that the "1" means nega- through 13 contain the
binary coded decimal  tive). Since the AND gate 266 is not strobed  120
depth data. Since the depth display register  until the trailing edge of
the "playback 254 has only thirteen stages, it can be seen  window", this
insures that the sign-bit is truly that the run number depth marks will, in
in the last stage of the entry register 265 60  effect, pass out the other
end of the depth dis-  before it is interrogated. play register 254 leaving
only the binary coded    The data contained in the entry register 265  125
decimal portion of the depth word. This bin-  is converted to an analog
quantity by a digital- ary coded decimal portion of the depth word
to-analog converter 268 whose analog output is converted to decimal
indications by a binary  signal is supplied to a suitable driver ampli-
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18 fier 269. The output signal from the driver  data word has been shifted
therein. Thus, the amplifier 269 is connected at the appropriate  sign
stroke pulse of Figure 21G will produce times to one of a plurality of
parallel capaci-  the "reset data number" pulse of Figure tors 27 via a
plurality of paralle  decom- .21H from the output of AND gate 266 for 5
mutator gates 271. The drive capability of  resetting the entry register
265 to "O".During  70 the amplifier 269 is sufficient for any capacitor
the time period of the data strobe pulse of 270 to be quickly charged or
discharged to  Figure 21I for word 3, the capacitor 270 for the amplitude
level of the converted analog  channel 3 will therefore discharge to zero
signal. The voltages on these copatiors 270  volts. (In the playback of
well logging data, 10  are supplied via a plurality of arallel buffer  it
is usually assumed that a negative number  75 



amplifiers 272 to the muiltichannel photo-  is,in fact, zero). graphic
recorder 49. The input impedance of    Now concerning the operation of the
trans- each one of the parallel buffer ampliflers 272  mission equipment of
the present invention for is high enough to draw very little charge from
the receiving of information, refer first to the 15  the capacitors 270.
tape control circuits of Figures 5A and 5B.  80 To connect the output of
the driver ampli-  Before a transmission is started, the operator fier 269
in the proper order to capacitors 270, at the receiving end makes an
initial erased the "channel selection signals" from the data-  section on
the tape. To accomplish this, the phone interface are supplied to the
inputs of  erase switch 280a is, energized and the start- 20 individual
ones of 12 parall AND  gates  stop switch 95 is moved from the stop to the
85 273. The 12 parallel gates 273  re all strobed  start position thereof.
When the start-stop by an output pulse from a "data  strobe one-  switch 95
is placed in the start position, shot" 275 which is energized  n the
trailing  various circuis in the tape and the "motor edge of the "sign
strobe one-shot 267 out-  flip-flop" 98 are set by STP. The erase 25  put
pulse. By so doing, the output signal from   switch 280 grounds the
"detected character  90 driver amplifier 269 will not be  connected to
pulse" line so that the character counter 135 the selected capacitor 270
until the  entire word  will not be able to advance to reset the "motor has
been entered into entry register 265. To  flip-flop" 98. Since current is
flowing through insure accuracy, the time duration of the data  the write
heads during this time, (the read- 30  strobe pulse is long enough for the
capacitors  write switch 140 is now in the "write" posi-  95 270 to have
sufficient charging and discharg  tion) an erased section will be created
until ing time periods.                         the erase switch 280 is
released. Now referring to Figure 21 for an example    Having now, created
the initial erased sec- of the operation of the playback circuits of  tion,
the remainder of the operation at the 35  Figure 20, Figures 21A, 21B and
21C repre-  receiving end is slaved to the operation of 100 sent the
channel selection signal from  the  the transmissing end of the
transmission link. dataphone interface. There is a channel selec-
Referring to Figure 22, there is shown the tion signal for every word
except the depth  receive control circuits 195 of Figure 15 in word (word
1). Figures 21D  nd 21E show   greater detail. The receiving dataset
detects a 40 he "playback windows"which enable AND   carrier on the
telephone line from the trans- 105 gate 264 and the PCM  data shifted into
the  mitter and indicates this face to the receiving entry register 265
respectively. Figure. 21F  dataphone interface by a signal designated
represents the output of the sign bit stage of  "carrier on". However,
before the carrier was the entry register 265. Since the last data word
placed on the line by the transmitter, the 45  entered into the entry
registe 265 is being  "carrier on" signal was at "0" which held a 110
shifted out (and lost) while the new  data  "permit stepping flip-flop"'
280 reset and a word is being shifted. in, the sign bit stage  "record gap
flip-flop" 281 set after inversion will fluctuate accordingly. However, the
sign  by an inverter 282. This "carrier on" line is strobe pulse7 of Figure
21G  waits until the  grounded by a mode selector switch 70H  in 50  data
of the last word has b en shifted out  the "transmit' mode of operation.
115 and the new data word shifted in before inter-    The "carrier on"
signal of Figure 23A going rogating the sign bit stage of register 265.  to
"1" causes the "serial clock receive" (SCR) It can be seen from Figures 21A
and 21B  signal from the dataset, shown in Figure 23B, that words 12 and 2
have positiuve signs. Thus,  to be supplied to the OR gate 183 of Figure 55
the output of the sign bit stage  entry regis-  15 to shift the X/R
register 67, on each pulse  120 ter 265 will go to  "0"  before the sign
strobe  falling edge, the same as SCT does in the pulses of Figures 21G,
for words 12 and 2  transmitter. The falling edge of each of the are
generated. Thus, words 12 and 2 will be  "serial clock receive" signal
causes the "line converted to analog signals for charging or  sync stroke
palse"shown in Figure 23C to be 60  discharging the capacitors 270 during
the time  generated from a "line sync strobe one-shot"  125 period of the
data strobe pulses of Figure  284 after a delay by a delay one-shot 285. As
21K. . Now, assuming that word 3 is a nega-  its name would imply, the
"line sync strobe tive number, it can be seen that Figure 21F  pulse" is
utized to strobe the circuits which that the sign bit stage of entry
register 265  interrogate the received data for a line sync 65  'will
remain at the "1' level after the. new   word. The it delay by delay
one-shot 285 insures 130    19
1,345,581                                         19 that the received data
is not interrogated until  280. As can be seen in Figures 22 and 23H-  65
after each bit is shifted. The "line sync strobe  23K, with the "permit
stepping flip-flop" 280 pulse" is passed by an AND gate 286 when  set, an
AND gate 290 is enabled to pass the the "carrier on" signal is generated
from the  "serial clock receive" signal (SCR). The out- 5  dataset. (This
is a safety feature since sync  put of the AND gate 290 is designated
"gated words cannot be received unless there is a  receive clock" and is
utilized to advance the  70 carrier on the telephone line).             bit
counter 184 via the OR gate 185 (see Fig. Referring to Fig. 15C, the
received data,  15A) on its falling edges as shown in Figure shown in
Figure 23F, does not appear until a  23K. The setting of the "permit
stepping flip- 10  short time interval after the carrier has been  flop"
280 also causes a "permit stepping one- 



detected by the receiver. This time delay cor-  shot" 294 to generate a
"permit stepping  75 responds to the time for the datasets at the  pulse"
(PSP) in response to the rising edge receiving and transmitting ends to
become syn-  of the normal output of the "permit stepping chronized with
one another. The first stage  flip-flop" 280. The "permit stepping pulse"
is 15  of the X/R register 67, designated "phased  utilized to reset the
same circuits in the data- received data" (PRD), is an extra stage to
phone interface as did the "transmit next file  80 provide the X/R register
67 with 17 stages.  pulse" (TNFP) in the transmit mode. (In The received
data from the dataset changes  Figures 15B and 15C, it is supplied to the
at the positive going edges of the "serial  OR gate 178). PSP is also
passed via an OR 20  clock receive" signal from the dataset The  gate 291
to produce the signal designated dataphone interface therefore samples or
shifts  "step tape-command-receive". The first tape  85 the received data
into the X/R register at the  step is initiated when the "step tape" signal
negative going edges of the "serial clock  of Figure 23L rises to the "1"
level. Referring receive" signal. Since the received data signal  briefly
to Figures 15B and 15C, this "step 25  is not in phase with the data in the
X/R regis-  tape-receive" signal from the receive control ter, the PRI)
stage is superimposed in order  circuits 195 is passed via the "receive"
posi-  90 to obtain a properly phased signal which will tion of the mode
selector switch 70c to pro- be suitable for the determination of the parity
duce the "step tape command" signal supplied of the received word as will
be explained later.  to the tape control circuits of Figures 5A 30  In
Figure 23G, there is shown the phased  and 5B for stepping the magnetic
tape. receive data corresponding to the data being    The receive control
circuits of Figure 22  95 received by the X/R register 67. The data-  also
include a "permit writing flip-flop" 293 phone interface circuits examine
these stages, which is initially reset by the "start pulse" 1-16, for data
words and sync words.        STP from the tape control circuits and the 35
A "line sync detector" 289 (a 16 input  "permit stepping pulse" PSP via an
OR AND gate) interrogates stages 1-16 of the  gate  288.  The  normal
output  of  the 100 X/R register 67 for the presence of a sync  "permit
writing flip-flop" 293 is supplied word, i.e. 16 "l's". To insure that the
X/R   via the  "receive' position  of  a  mode register 67 does not
arbitrarily have all "1's"  selector switch  70c, which  is mechanic- 40
contained therein when the power is turned  ally ganged with the mode
selector switches 70a-70e, as the "permit writing" signal to  105 on, the
carrier on signal from, the dataset the tape control circuits. resets the
PRD and first stage of the X/R     At this point in time, with the first
sync register 67 via the "receive' position of the  word having been
detected, the "permit step- mode selector switch 70I so that there will
ping flip-flop" 280 enables an AND gate 292 45  always be a "0" in at least
one stage thereof  to pass the timing control pulse X[err] via the 110
during the initiation of transmission until a  OR gate 291 and mode
selector switch 70c true sync word is received. The "detected  as the "step
tape command" signal to begin line sync" (DL) output pulse from the line
steppiNg the tape. However, since the "permit sync detector 289, shown in
Figure 23H, is  writing flip-flop" 293 has not yet been set, 50  supplied
to the receive control circuits 195.    data cannot be written on tape.
With AND  115 Now referring back to the receive control  gate 292 now
enabled, X[err] can initiate tape circuits of Figure 22, this DLS signal is
sup-  motion each time it occurs. plied to the other input of the AND gate
286    This can better be seen in the tape control via an AND gate 303
(Figure 22) to pro-  circuits of Figures 5A and 5B, where the 55  duce a
pulse designated "detected line sync  "step tape command" generated by the
"per- 120 pulse" (DLSP) shown in Figure 231, when  mit stepping pulse" sets
the "motor flip-flop" the "line sync strobe pulse" is generated.  98 to
initiate tape motion as before. Since When "carrier on" went to the "one"
level, the tape has magnetic marks prerecorded the "transmission
initiation" one-shot gener-  thereon, the "detected character pulses" will
60  ated a negative output which inhibits DLS in  be generated from the
read circuits of Figure  125 gate 303 until bit synchronism is esttblished.
8 to produce the P[err] pulses for advancing The "detected line sync pulse"
resets various  the character counter 125. However, since the circuits in
the dataphone interface and is also  "permit writing flip-flop" 293 of
Figure 22 utilized to set the "permit stepping flip-flop" is still reset,
the "permit writing" signal input    0 20
1,345,581                                       '20 to the AND gate 142 wil
be at the "0" level  "permit writing" signal will go to the "1" and thus
the "permit writing pulses" (PWP)  level to allow data to be written on
tape.  65 will not be generated. Thus, data will not be    When the "permit
writing flip-flop" 293 written on tape until the " permit writing"  is set,
a signal designated "recorder motion 5  signal goes to the "1" level since
the inscrib-  receive" is generated from an AND gate 299. ing pulses PW1,
PW2, PW3  annot be gener-  When reception of a file has been completed,
ated until PWP is generated.                the "permit writing flip-flop"
293 is not It will be recalled from tie discussion of  reset until a new
transmission starts. To stop the transmission operation that whenever the
the recorder therefore, the "permit stepping 



10  "transmit next file button" 165 of Figure 12  flip-flop" 28C normal
output enters another was pushed, a gap was first transmitted (either
input of AND gate 299. At the end of a tans- a record gap or a file gap).
It will also be  mission, this flip-flop is reset when the "carrier  75
recalled that the presence or  absence of the  on  signal  returns to zero.
Additionally, the linen sync word in the third frame was the 15  key to
whether the gap was a record or file  signal HDFT+CDM  is another input to
the gap. In the receive control circuits, it will be  AND gate 299 since
dipmeter tapes are not recalled that the "record ga  flip-fop" 281
recorded on film. was initially placed in the  the state by the    At this
point in time, the gap has been  80 received and written on tape and the
receiving equipment is  now ready to start writing the carrier on signal.
If a line syn word is detected   first received file on tape. Referring to
Figure 20  during  the  third  transmit   frame, the  15C, the "received
data" from the dataset is "record  gap  flip-flop"  281 is  reset to
shifted to the X/R register 67 by the "receive  85 memorize the fact that
a     gap is beg     clock"     pulses from  OR gate 183. The transmitted.
To this end,  e third frame  first word entered into the X/R register after
signal from the frame countmatrix 197 of  the initial file gap will be the
sync word 25  Figure 15B enables an AND   te 294 to reset  (word #1). The
resulting "detected line sync the "record gap flip-flop"   1 during frame
pulse" from  the "line sync detector" 289  90 3 if a line sync word is dete
ted. As a safety  enters the receive control circuits 195 where measure,
the normal output of the "permit   it causes the generation of the
"detected line stepping flip-flop" 280 is also supplied to one  sync
pulse"(DLSP) in the same manner as 30  input of the AND gate 29  since this
flip-  discussed earlier. DLSP resets the sequence flop 280 must be set
before ny data can be  counter to sequence 1 via the OR gate 179  95
received. The AND gate 294 is strobed by  and when receiving a CDM  tape,
resets the the "delayed line sync stro   pulse  (LSS)  "even frame
flip-flop" 195 to the "odd frame" output of a "delayed sync  trobe
one-shot"  state via an AND gate 300. 35  295 which is energized on
trailing edge    For the reception of data, the sequence of the "line sync
strobe pulse". Since the per-  number corresponds to the word being written
100 mit stepping pulse" (PSP) i generated when on tape. Thus word #5 is
received during the first line sync word is detected and since        the
receivers sequence #4 and written on PSP resets frame counter  96, a
"delayed  tape during the receiver's sequence #5. How- 40  sync strobe" is
used to che  for the sync in  ever, the sync word is not detected until the
frame 3 in order to allow   e frame counter  entire word has been entered
into the X/R  105 196 to stabilize  after the   initialreset To  register
67, and thus the sequence has already insure that a sync word is not
inadvertently advance before DLSP is generated. Thus, detected when the
carrier is  first placed on the  DLSP resets the sequence counter to
sequence 45  telephone line, the "trans  sion initiation  #1. one-shot" 302
inhibits the" etected line sync    After each word is entered into the X/R
110 pulse" through the action of an AND gate  register 67, the shift pulse
which shifted the 303.                                      last bit of any
given word into the register Now recalling that a record gap is of 4
causes a generation of the X[err] timing con- 50  frame duration, the
normal output of the  trol pulses via the "gated receive dock" input
"record gap flip-flop" 281 nables an AND   to the bit counter 184. As in
the transmission  115 gate 296 to pass the fourth frame signal from
operation, the X[err] pulses occur well before the frame counter matrix of
Figure 15B to  the "receive clock" signal changes from "0" set the "permit
writing flip-"flop" 293 via an  back to "1". The complete data word con- 55
OR gate 297 on the pulse trailing edge. On  tained in the X/R register 67
is parallel trans- the other hand, if a file gas is being trans-  ferred to
the receive buffer register 81 via a 120 mitted, the complementary  output
of the  plurality of parallel gates 304 in response to record gap
flip-flop" 281 will enable an AND   the timing control pulse X2 passed to
the gates gate 298 to pass the twenties frame signal  304 via an AND gate
305. An AND gate 311 60  from the frame counter matrix via the OR
inhibits the transfer of the "even line parity gate 297 to set the "permit
writing flip-flop"  bit" from  stage #15 to the receive buffer 125 on the
pulse trailing edge. Thus, after a file  register 81 except during sequence
1 (from gap or record gap has been transmitted, the  Figure 11B, stage #15
contains the run 2    21                                        1,345,581
21 depth mark for depth words). Since data  be seen that if the "playback
window" is not  65 should not be transferred to the receive buffer
generated, data will not be entered into the register 81 until the "permit
stepping" (PS)  entry register 265 and thus the particular signal is at the
"1" level, the "permit step-  capacitor 270 corresponding to that data word
5  ping" signal from the receive control circuits  will not be undated,
i.e., the voltage corre- 195 is another input to the AND gate 305.
sponding to the last received data word for  70 Additionally, the "detected
line sync" (DLS)  that channel will be retained. signal from the "line sync
detector" 289 is    The data contained in the receive buffer inverted and
supplied to the AND gate 305 so  retgister 81 is shifted to the tape
control cir- 



10  that sync words will not be transferred to the  cuits during the time
interval X[err] by way of receive buffer register 81.                an AND
gate 310 which is enabled by the  75 Recalling from Figure 11B that the
four-  "permit writing" signal from the receive con- teenth, fifteenth, and
sixteenth stages contain  trol circuits 195. This received PCM  data the
depth marks, the outputs of these stages in  from  AND  gate 310 is
supplied via the 15 the receive buffer register 81 are supplied via
receive position of the mode selector switch an OR gate 306 to one input of
an AND gate  70a to the data display, tape control, and  80 307. Provided
that the "permit" writing" sig-  playback circuits. The data is displayed
by nal is at the "1" level, (which is necessary  the depth and data display
circuits of Figure before any depth words can be received) the  19A in the
same manner as discussed earlier. 20  X[err] timing control pulse sets the
"depth com-  Additionally, each data word can be supplied mand flip-flop"
308 whenever a depth word  to the playback circuits to be recorded on  85
is placed in the receive buffer register 81. photographic film  in the same
manner as This flip-flop is continuously held reset by the  discused
previously provided parity is correct. In the receive mode of operation,
the signal SEQ 1 signal except during sequence 1 which  "recorder
motion-receive" is generated from 25  is the only time that a depth word is
expected. AND gate 299 of Figure 22 and passed to  go The normal output of
the "depth command  the recorder drive circuits by way of the flip-flop"
308 is supplied to the receive posi-  mode selector switch 70k when "permit
writ- tion of the mode selector switch 70a to pro-  ing" goes to "1". duce
the "command shift depth display" sig-    The dataphone interface circuits
of Figure 30  nal which instructs depth display circuits to  15B also
generate a signal designated "tape  95 receive the depth word and display
it. Refer-  sync sequence" which informs the tape con- ring briefly to
Figure 5A, this "command shift  trol circuits when to write sync marks on
depth display" signal is combined in an AND   tape. Recalling that, for
regular lagging tapes, gate 333 with, the "sequence 1" signal to  sync
marks are recorded in word 12 of every 35  cause a "depth audible one-shot"
334 to  frame, the "sequence 12" signal from matrix  100 energize a
"sona-alert" (audible frequency  194 is passed by way of AND gates 312 and
oscillator) to produce the audible beep from   313 to produce the "tape
sync sequence" sig- loudspeaker 78 of Figure 1. Since depth words  nal The
AND gate 312 is enabled for regu- occur every ten feet of borehole depth,
the  lar logging tapes by the "1" output from an 40  hand crank of Figure 1
can be turned to  OR gate 314 produced by the control signal 105 make the
units digit register zero. To compute even line parity at the receiver,
CDM. The AND gate 313 is enabled by the the output of the "phased receive
data" (PRD) stage of the X/R register 67 in con-  control signal ODD WORD
during the pro- 45  junction with the "receive clock" triggers the  cessing
of regular logging tapes. For CDM "even line parity receive flip-flop" 262
via an AND gate 309. Since the X/R register stage  tapes, the CDM input to
OR gate 314 is "0" output (of which the PFD stage is one) have  so that the
"tape sync sequence" signal will 110 no transitions during continuous runs
of "l's"  only be at the "1" level during sequence 12 50  or "0's", the PRD
stage output is combined  of "odd frames". (The other input to OR with the
"receive clock" signal in AND gate  gate 314 is the "odd frame" output from
flip- 309 in order to provide a negative going  flop 195). edge of each "1"
which will therefore trigger    Now referring to the tape control circuits
115 the "even line parity receive flip-flop" 262.  of Figures 5A and 5B;
the PCM  data from 55  Thus, if the parity of the received word, after  the
mode selector switch 70A of the data- all 16 bits have been shifted into
the X/R  phone interface is entered into the write register 67, is at the
"1" level, the parity of  register 82. To shift the write register 82 at
the received word will be "even" and thus  the proper time, the "tape write
and depth  120 correct. Since the normal output of the "even  display
window" (X[err]) enables an AND gate 60 line parity receive flip-flop" 262
enables the  16 which passes the 16 shift pulses from the "playback window
" AND gate 261, it can be  oscillator 202 of Figure 15A to the write seen
that the "playback window" will only be  register 82. While the PCM  data
is being generated if parity is correct. Referirng briefly  shifted into
the write register 82 under control 125 to the playback circuits of Figure
20, it can  of the timing control pulse X[err], the tape is    22
1,345,581                                        22 already moving since
the timing control pulse  which passes the signal PW3+6 (which occurs [err]
("step tape command") had already set  simultaneously with the third
character inscrib- the  "motor flip-flop"  98.  The  resulting  ing pulse
PW3 for Regular and CDM  tapes) "detected  character  pulses".  as  before,
to the tracks '5 and 6 writing circuits via the 5  advance the charatcer
count  and produce  OR gate 125 and another OR gate 327. It  70 the "permit
writing  pulses"  (PWP) (the  should  also be mentioned  here that the
"permit writing" signal is now at the "l"   "detected line sync pulse"
(DLSP) from the level) so that the character counter 135 can  receive
control circuits of Figure 22 confirms produce the three character
incribing pulses  that the "motor flip-flop" 98 is set by way 



10  PWI, PW2, and PW3.                          of OR gates 99 and 100.
DLSP also resets  75 Before discussing how the data is written  the
character counter 135 by way of the OR on tape, it would first be desi  le
to discuss  gates 99 and 155 so that the next generated the generating of
the "permit writing pulses"  P[err]  pulse will produce the first character
(PWP) when writing data on tape. When  inscribing pulse PW1. By this means,
a 15  writing, the read-write switch 140 is in the  periodic check is
maintained on the state of  80 "write" position, thus enabling an AND gate
these circuits 301 to pass the output pulse from the "skew    It will be
recalled from  Figure 3A that delay one-shot" 133. Thus, when writing, the
sign bit is recorded in the second char- PWP is generated right after each
"detected  acter of track 5 and from Figure 11A, it is 20  character pulse"
is generates  without any  contained in stage No. 14 of each data word. 85
delay for skew. (The delay one-shot 138 pro-  Thus, the state No. 14 output
from the write vides the same delay as in the reading opera-  register - 82
is connected to the input of an tion, which when writing, allows the
character  AND gate 328 to which also is supplied the counter 135 to
stabilize before PWP strobes 25  it). By this arrangement, the packing
density  sequence 1 input and the second character of data on the tape can
be more uniform, as  inscribing pulse PW2. The output of AND  go well as
denser. This operatio  can be better  gate 322 is another input to the OR
gate 325 seen in Figures 9D, 9G, and 91. This tech-  so as to record the
sign bit in track 6. The nique is possible when writing since there is 30
no need to wait until the lasdetected mag-  sequence 1 signal assures that
a depth mark netic mark to write. When    ing, it is of  during sequence 1
will not be mistaken for a course necessary to wait until  e last detected
sign bit, and by the same token, the sequence  95 magnetic marks before
readi , since other-  1 signal which enables AND gate 322, assures wise,
some of the bits may not be read from  that a sign bit will not be mistaken
for a 35  the tape.                                   depth mark during
sequence 1. The three character inscribing pulses PWl,    From Figures 3A,
3B and 3C it will be PW2 and PW3 energize seleted gates of the  recalled
that track 7 is set aside for odd  100 encoder gates 317 for connec  g the
outputs  parity. To write parity on the tape, the out- of selected stages
of the   te register 82  puts of the tracks 1-6 OR gates 318-321; 40  to
the tracks 1-4 write circuits of Figure 6. 325 and 327 are all connected to
the input . This converts the serial data   Figures 1lA   of a parity
computer 329 whose output is and 11B in the write register 82 to the tape
supplied to the track 7 write circuit via an  105 format for data and depth
ords shown in  AND gate 330. The parity computer 329 will Figures 3A and
3B. The depth marks from   continuously produce an output signal which 45
the write register stages 14, 5 and 16 are  will only be correct while the
inscribing written in the proper characer of track 6 by  pulses are being
generated. To insure that the the PWl, PW2, and PW3 i  ribing pulses
parity bit  is not written on tape until the 110 strobing AND gates 322,
323, and 324 respec-  tracks 1-6 write pulses have stabilized, an tively.
The sequence l signal from the data-  "odd parity strobe one-shot" 331
strobes the 50  phone interface is connected   the input of  AND gate 330 a
given time interval after the all three AND gates since de   words occur
leading edge of each PWP pulse, the trailing only in word 1 and are only
written on tape  edge of the parity strobe pulse occurring well 115 during
sequence 1. The ouptutS of all three  before the trailling edge of PWP. A
delay one- AND gates 322, 323, and 3 4 are supplied  shot 332 provides the
necessary delay from 55  to the track 6 write circuit via an OR gate  the
leading edge of the.PWP pulse to the 325.
leading edge of the "parity strobe pulse". From  Figure 3C it will
recalled that    When all three characters of each word  120 sync marks are
recorded in  tracks 5 and 6  have been written on tape, the trailing edge
of of character 3 of word 12 for Regular logging  the PR3 + 6 pulse from
the character counter 60  tapes and during word 12 of "odd frames'  135
resets the "motor flip-flop" 98 to stop only for CDM  tapes. Thus, since
the "tape  the tape movement Looking at Figures 17J- sync sequence signal"
from  the dataphone  17Q, while one word was being written on the  125
interface is at the "1" level, at the proper  tape, the next word was being
entered into time, as discussed earlier, the "tape sync  the X/R regster 67
of Figure 15C. After it 65  sequence signal" enables an AND gate 326  has
been completely entered therein, the out-    23
1,345,581                                         23 put X[err] of the bit
counter 184 of Figure 15A   would reset and a file gap would then be pro-
changes states ("1" to "0") as shown in Figure  duced on the tape. (The
third frame sync 17K, to prodnce the timing control pulses  word after
transmission interruption would X1-X[err] and the shift pulses of Figures
17L-   reset the "record gap flip-flop" 281 to not 5  17P. These timing
control pulses cause the  allow the "permit writing flip-flop" 293 to  70
data to be transferred to the tape read register  be set until after 20
frames). Additionally, 63 of Figure 5B. Meanwhile the X[err] pulse of
since the "transmission initiation one-shot" 302 Figure 17M  had initiated
tape movement,  is momentarily disabled, the next sync word shown in Figure
17Q  to write the new data  after transmission resumes ("carrier on" goes 



10  word on tape. It can be seen from  Figure  from "0" to "1") can produce
DLSP to syn-  75 17A and 17Q that the sequences at the receiver  chronize
the sequence counter 189 (and "even are delayed one sequence from those at
the  frame flip-flop" 195 for CDM tapes). transmitter. (The time lag for
transmission is    The transmission equipment of the present ignored in
Figure 17). This process continues  invention also has the capability of
playing 15  over and over again until the end of the file,  back a tape
without the transmission or recep-  80 at which time transmission
terminates.      tion of data to provide a photographic record- Now
referring to Figures 18G-L and 22  ing of the data as well as display of
the in conjunction, it will be explained how trans-  depth and data words.
With the mode selector mission is terminated. It will be recalled that
switches 70a-70i in the "internal" position, 20  Figures 18A-18F depicted
the termination  the third character inscribing pulse PW3 ener-  85 of
transmission at the transmitter. Figures  gizes an "internal oscillator
one-shot" 340 18G and 18H show the "received data" and  (Figure 5A) after
each word is read from the "serial- clock receive" (SCR) signal at the
tape. This one-shot 340 generates a pulse receiver when  transmission  is
terminated,  designated "internal oscillator pulSe" which 25  (Again, the
transmission time lag is ignored  is supplied back to the dataphone
interface  90 in Figure 18). Upon the last word being com-  of Figures
15A-C. Referring to Figure 15A, pletely entered into the X/R register 67 of
this "internal oscillator pulse" is substituted Figure 15C, X[err] will
change from "1" to "O" for the output of the bit counter 184 by way as
shown in Figure 181. The "step tape com-  of the mode selector switch 70B
for causing 30  mand" of Figure 18J will then be generated  the generation
of the timing control pulses  95 in response to X[err] and the tape will
move  X[err] so as to write this last received data word on    These timing
control pulses operate in the tape, and then stop as shown in Figure 18K.
same manner as in the transmit mode of opera- At approximately the same
time that SCR of  tion to initiate tape movement and transfer 35  Figure
18H goes to "0" (i.e., no more clock  the data between the various
subsystems. X[err]    100 pulses), the "carrier on" signal of Figure  and
X[err]  produces the "step tape command" 18L will go to "0" thus resetting
the receive  and "shift tape read register window" by way control circuits
of Figure 22 to place them   of the playback positions ("Int. osc." and in
readiness to begin receiving the next file.  "RDP") of mode selector
switches 70c and 40  Additionally, looking at Figures 5A and 5B  70d
respectively. Additionally, the "permit 105 at the end of the tape, at the
receiver, an end  writing" signal from switch 70b is always "1" of tape
mark is recorded after the last file  in the playback modes and the
"recorder has been received and the final erased section  motion" signal
from switch 70k is always "1" is being prepared. To prepare this final
erased  during playback. The data is moved between 45  section, the erase
switch 280a is closed and  subsystems in the same manner as in the  110 the
start-stop switch 95 is moved to the start  transmit mode of operation
(except for trans- position to set the "motor flip-flop" 98. How-  fer to
X/R register 67, of course). ever, since the "detected character pulses"
The handling of file or record gaps and are grounded out, the "motor
flip-flop" 98  erased sections is somewhat different when 50  will remain
set Thus, after a given time  playing back a tape than when transmitting a
115 delay, the "file gap delay circuit" 147 trigger  tape. It will be
recalled that, during trans- the "file gap one-shot" 148 to record the
mission, the tape will move until the first data "end of tape mark" via OR
gates 318-321  word is read and stored in the "tape read in tracks 1-4. The
absence of the PWP  register". At the end of a file, the tape moves 55
pulses assures that parity is not recorded.  all the way through the file
gap until the first 120 There is a problem of a momentary trans-  word is
read and stored in the tape read mission interruption resetting the receive
con-  register 63. In the playback mode of opera- trol circuits of Figure
22. To prevent this, a  tion however, when playback is started with
"transmission, interruption one-shot" 303 is  the tape in the initial
erased section (or in 60  responsive to the falling edge of the "carrier  a
file gap), the tape does not stop stepping  125 on" signal to disable the
"permit stepping  after reading the first word but continues one-shot" 294
and "transmission initiation  stepping until the end of the file is
reached. one-shot" 302. If PSP were allowed to be  At the end of the file,
the tape stops in the generated when a transmission interruption  middle of
the file gap. 65  occurs, the "permit writing flip-flop" 293    Looking at
Figures 5A and 5B to see how  130    24
1,345,581                                        24 the above is
accomplished, when the start-  tions could be designated "Reg-All word" and
stop switch is moved to the start  position, the  "Reg-Odd word". When an
"odd word" "start pulse" STP sets the"motor flip-flop"  transmission is,
taking place, the signal "odd 98 and "file length flip-flop" 97 and resets
a  word" will enable an AND gate 340 in the 5  "detected file gap enable
flip-flop" 339. The  sequence counter 189 to pass the X[err] signal 70 tape
then moves through the  erased section,  directy to the input of the three
stages "divide and after the first word is read from the tape, by 6"
counter 191, thus bypassing the first PW3 from the character counte 135
sets the  counter stage 190. By so doing, the binary-to- "detected file gap
enable flip-flop" 339 which  decimal matrix 194 will produce output sig- 



10  enables an AND  gate 338.  ith the "file  nals only on the odd numbered
sequence out-  75 length flip-flop" 97 set, the AN D gate 224 is  put
lines. These signals on the odd numbered enabled to pass the "step ta e
command"  sequence lines will occur one right after the pulses to the
"motor flip-flop ' 98 and the  other. tape steps through the file while the
words    It will be recalled from the discussion of 15  from the tape are
read.                     Figure 3C that the frame sync marks are  80 Upon
entering a file gap, the "file gap one-  recorded in word 12. In
transmitting "odd shot" 198 generates a "detected file gap"  words" only,
words are not read off or written pulse which rests the "file length
flip-flop"  on  tape during  sequence  12. Thus, the 97 and "motor
flip-lop" 98    way of the  sequence 11. output signal from the sequence 20
AND gate 38 and the "Int. OSC or "RDP"  matrix 194 is elected by an AND
gate 341,  85 positions of a mode selector swi   70j (mech-  which is
enabled during the "odd word" trans- anically ganged to switches 70a-70h).
This  mission by the signal "odd word", to pro- pulse is designated DFGXPB
(Detected file  duce the "tap  sync sequence" signal which gapX playback).
Now, to con  ue with the  is used by the tape control circuits to write 25
playback operation, the start-   switch 95 is  sync marks on the tape. This
sequence 11  90 moved to the stop position an  back to the  signal is
supplied to the AND gate 341 by start position (as opposed to the transmit
way of an AVD gate 342 which is always mode where the "transmit next file
button" is  enabled by the output of the OR gate 314 pushed). The tape then
move  through the  during "odd word" transmission. It should 30  file gap
without stopping since he AND gate  also be mentined here that since words
are  95 38 is only enabled to pass the DFGXPB  being read frown written on
the tape approxi- pulse to reset the flip-flops 97 and 98 after  mately
twice as fast during "odd word" trans- the first word is read. The file  is
then read  mission, the movement of the film 48 of the from the tape until
the next file gap is reached  photographic recorder 49 of Figure 1 must 35
at which time it stops and the same opera-  be twice as fast. To this end,
a switch 18la  100 tion begins over again.                     in Figure
15B, mechanically ganged to switch Now concerning the other playback mode,
181, supplies a "1" to the recorder drive 77 i.e., RDP, it will be recalled
from the dis-  of Figure 1 when in the "Reg" (or "All cussion of Figure 1
that the  recorder drive  word") position and a "0" when in the "odd 40  77
moves the film  48 of the photographic  word" position to cause the
necessary speed  105 recorder 49 thereby generatin  depth pulses  change.
from the recorder drive pulse generator 87.    Now referring to Figures
24A-24N, there Looking at Figure 15A, when  e mode selec-  is shown a
timing diagram to illustrate the tor switch 70b is in the RDP position,
these  transmission and reception of "odd word" 45  depth pulses are
utilized as th  X  pulses to  data. Figure 24A shows the tape velocity
along  110 initiate all of the above described operations  with the
"detected character pulses". When in the same manner as the "internal
oscillator  operating in the "odd word" mode the tape pulses" did. The
start-stop operation is iden-  will step through six characters before
stop- tical to that just described for the "internal  ping while reading or
writing only the first 50  oscillator" mode of operation. By controlling
three characters of each 6 character step. Thus 115 the reading of data off
of tape with the  assuming that the first six characters of "recorder drive
pulses", the tape motion will  Figure 24A correspond to sequence 9 and be
synchronized with the film motion to  the  second  six  characters
correspond  to insure an accurate depth scale othe film 48.  sequence 11,
as represented above Figure 55    The transmission equipment   the present
24A, word  No. 11  will be  read  dur- 120 invention has the capability of
transmitting  ing the first three characters of sequence 9 every other word
of a tape   instead of every  and transmitted during sequence 11. Figures
word to increase the rate at  which the data  24B-24G  represent the X[err]
on the tape can be transmitted For this dis  shift and X[err] pulses
respectively. These sig- 60  cussion, refer to Figs. 15A,  5B and 15C
nals represented in Figures 24B-24G per- 125 When transmitting every other
word, the  form the same functions as discussed earlier. format switch 181
is in the "odd word" posi-  Thus, each 16 bit word will be transmitted
tion. CDM and HDT tapes use mostly every  and received during each
sequence, as before, work for data and thus, for all practical pur-  except
that there will now be a maximum of 65  poses, the "Reg" and "odd.wor"
switch posi-  six data word transmitted in each frame. To  130    25
1,345,581                                      25 avoid confusion in regard
to the definition  flop 346 and the setting of the second and  65 of a
frame, the sequences are still numbered  third gated flip-flop 347 and 348
on their. the same for "odd word" transmission as for DC set and reset
inputs. The trailing edge of "Reg" or "All word" transmission, i.e, 12  the
P[err] pulse input to the character counter is: 5  sequences per frame,
except that now the 6  utilized to clock the first and second gated even
numbered sequences have been omitted.  flip-flops 346 and 347. The normal
and corn-  70 Now looking at Figures 24H-24N, there  plementary outputs of
all three flip-flops are is shown the timing diagrams for the receiv-
cross connected to one input terminal of their ing end of the transmission
link. The defini-  own reset or set inputs respectively. The fall- 



10  tion as to the numbering of sequences at the  ing edge of the normal
output PR3 of the receiver established earlier also applies to  second
gated flip-flop 347 is utilized to clock 75 "odd word" transmission, i.e.
the sequence the third gated flip-flop 348. * number at the receiver will
correspond to the.   To provide the various modes of operation word number
that is being written on tape.  of the character counter 135, an AND gate
15  Thus, word  11 will be received during  349 output enters an OR gate
350 whose other sequence 9  and  written on tape during  input is the
normal output of the first gated  80 sequence 11. The X[err] shift and
flip-flop 346 and also enters a second OR X4 timing control pulses at the
receiver, gate 351 whose other input is the complement- shown in Figures
24H-24N, perform  the  ary side of the second gated flip-flop 347. The 20
same functions of initiating tape movement  outputs of the OR gates 350 and
351 are con- and transferring data at the receiver as dis-  nected to set
inputs, of gated flip-flops 347 85 cussed earlier. Figure 24N  shows the
tape  and 346, respectively. The inputs to the con- velocity with the 6
"detected character pulses"  trol AND gate 349 are the signals JDT and
during sequence 11. The word 11 will be- PW- ("permit writing"). Thus, for
Regular 25  written on tape in response to only the first and CDM  tapes,
HDT is at the zero level three  "detected  character pulses"  during  and,
therefore, the OR gate 350 will connect 90 sequence 11.
the normal output of gated flip-flop 346 to Now  referring back to the tape
control  one of the set inputs of gated flip-flop 347 circuits of Figures
5A and 5B, these circuits  and the OR gate 351 will connect the com- 30
operate in a similar manner during "odd  plementary output of gated
flip-flop 347 to word" transmission as during the "all word"  one of the
set imputs of gated flip-flop 346.    95 (Regular, CDM   and  HDT)
transmission    Now  referring to Figures 10C-1OF  to except that the
operation of the character  understand how  the character counter of
counter 135 is altered. More specifically, when  Figure 25 operates for
Regular and CDM 35  the tape motion is started, the PW1, PW2  tapes, it can
be seen from Figures 10D  and and PW3 inscribing pulses are generated in
1OE' that the first and second flip-flops 346  100 response to the first
three detected magnetic and 347 are initially placed in the reset and marks
but the PW3 + 6 inscribing pulse is not set stages respectively. Now when
the first P[err] generated until the sixth detected magnetic  pulse
arrives, its trailing edge will cause PR3 40  marks so that the tape sync
marks will be  (normal output of second flip-flop 347) to recorded in word
12, as the format requires.  change states to the "0" level since "l's"
will 105 be applied to both input terminals of the reset Likewise, PR3+6
does not change from "1" input and a zero, via OR gate 350, is applied to
"0" until after six magnetic marks have  to one set input of the second
gated flip-flop been detected so as to stop the tape motion  347. On the
other hand, PR2 (normal output 45  after six detected marks.
of first flip-flop 346) will not change levels 110 Now referring to Figure
25, there is shown  since the complementary output of the second the
character counter 135 of Figure 5A in  gated flip-flop 347 is at the "0"
level and thus greater detail. The character counter includes  a "0" will
be applied to one of the set input 3 gated flip-flops 346, 347 and 348.
Before  terminals of flip-flop 346 via the OR gate 351. 50  proceding with
the description of the char-  This can be seen by comparing. Figures 10-
115 acter counter, it would first be desirable to  10E. explain the
operation of a gated flip-flop.    Now when the second P[err] pulse
arrives, the Each gated flip-flop has 2 set and 2 reset input terminals
which are gated by a clock  complementary output, PR3, of the second 55
input The flip-flop cannot change states  gated flip-flop 347 will be at
the "1" level unless there are "l's "on both input terminals  thus setting
the first gated flip-flop 346,. as 120 of either the set or reset input
when the flip- represenred in Figure 10D. However, PR3 will flop is gated
on its clock input, unless there  still remain at the "0"level since the
normal are "l's" on both input terminals of the com  output of the first
gated flip-flop 346 was 60  plementary inputs. The S' and R' input ter-
still at the "0" level. Thus, the OR gate 350 minals are DC set and reset
inputs respec-  will supply a "0" to one of the set input ter- 125 tively
and are not gated.                  minals of the second gated flip-flop
347 pro- The reset input to the character counter  ducing no change in
state. Now, when the. 135 causes the resetting of the first gated flip-
third: P[err] pulse arrives, both PR2 and PR3 will    26:
1,345,581                                       26 change states since the
complementary output  sion thus causing the third gated flip-flop 348 to
alter the generation of the character counter PR3 of the second gated
flip-flop 347 and the  output pulses. Thus referring to Figures  65 normal
output PR2  of the first gated flip-flop  26A-K, there is shown the timing
diagram 356 are both at the "1" level.            of the character counter
operation for an 51   The complementary outputs of the first and  "odd
word" transmission. Figures 26A and second gated flip-flops 346 and 347 are
corn-  26B show  the motor velocity and the P[err] bined in an AND gate 352
to produce the  pulses generated in response to the "detected  70 signal
PR1, shown in Figure 10F. It can  character pulses" from  the read circuits
of 



be seen from Figures lOD, E and F that the  Figure 8. Figures 26C and 26D
show the 10  signals PR1 PR2 ond PR3 go to the "1"  P12 and PR31 signals
from  the first and level after the first,second and third P[err] pulses
second gated fip-flops 346 and 347. Since the respectively. Thus, PR1,
PR2,and PR3 are  feedback conneqtions are unaltered for an "odd  75
utilized to enable three AND  gates 353, 354, word" transmission, the PR2
and PR3 wave- and 355 which produce the three  character  forms will be the
same as shown in Figures 15 inscribing pulses PW1, PW2 an PW3 respec-
1OD-F. tively. The "permit writing pulses  (PWP)    However, nob every time
the second gated from the AND gate 142 of Fi re 5 strobes  flip-flop 347
changes from the set or normal 80 these three AND gates 353, 35 , and 355
to  state to the reset or complementary state, the produce PW1, PW2 and PW.
One other  third gated flip-flop 348 will toggle, as can 20  input to the
three AND gates  53, 354, and  be seen by coparing Figures 26D and 26F 355
is the output of a NAND gate 358 which  (Figure 26F shows the "even word"
output is always at the "1" level during  the regular  from the third gated
flip-flop 348). The nor-  85 and CDM modes of operation   since one input
mal output of he third gated flip-flop 348 to NAND) gate 358 is the "odd
word" control  will cause the PAND gate 358 to enable the 25 signal from
the dataphone interface (this sig-  AND gates 35A, 354 and 355 to produce
the nal is always at the  "0" level during other  three character
inscribing pulses PWl, PW2 than the "odd word" mode of o  ation).    and
PW3 of Figures 26G, H and I only dur-  90 The PR3 and PWP pulses are  also
applied  ing the first three characters. Once the flip- to the input of
another AND g te 357 which  flop 348 changes to the set state, the output
30  produces the PW3 + 6 character counter out-  of NAND gate 358 goes to
"0" thus disabling put The other input to this AND gate 357  the generation
of the three character inscrib- is the output of a NAND ga  35 which is
ing pulses PW, PW2 and PW3. However, the  95 always at the "1" level during
the regular and CDM  modes of operation since one of  PR3 + 6 pulse of
Figure 26K from the NAND 35 its inputs is-the "odd word"   trol signal gate
359 will remain at the "1" level until from the dataphone interface. The
PW3 + 6  6 P. pulses have been counted by the char- pulse is shown in
Figure 10J as occurring  acter counter. This can be seen from Figures
simultaneously with the PW3 pulse of Figure  26D and 26F where either PR3
or the "even  100 101. PR3 and the output of the NAND gate  word" signal
are at "O" until 6 P[err] pulses 40- 356 are supplied to the inp t of
another  have been counted. The PW3+6 pulse of Figure 26J from  AND  gate
357 will be NAND gate 359 which produces the PR3+6  generated when the
sixth P[err] pulse is counted signal of Figure 10K. Since the output of  by
the character counter since, by comparing  105 NAND gate 356 is always at
the "1" level, the  Figures 26D and 26F, the PR3 and "even word" signals
are not both at the "1" level PR3 + 6 pulse of Figure 10K will be the com-
until the sixth P[err] pulse arrives. 45  plement of the PR3 pulse of Fi
10E.       Turning now to Figures 15A and 15B, the Thus, it can be seen
that in the Regular  resetting of counters in the "odd word" mode 110 and
CDM modes of operation, the PWl, PW2  is different from  the "Regular" and
CDM - and PW3 inscribing pulses will be generated  modes. Namely, the
"start pulse" STP resets in response to the "detected  cter pulses"  the
sequence counter 189 to sequence 11 by 50  from the read circuits of figure
8 to read  way of an AND gate 343 which is enabled and write data on the
tape with the sync  by the "odd word" control signal. The 115 mark stroke
pulse PW3+6 ge  rated simul-  "detected tape sync" signal from AND gate
taneously with PW3. Additional y, the "motor  154 of Figure 5B, on the
other hand, resets flip-flop" 98 will be reset about the same time  the
sequence counter 189 to sequence 9 by 55  as the third character inscribing
pulse PW3.   way of an AND gate 344 which is enabled by Now, for an "odd
word" transmission, the  the "odd word' control signal. This resetting  120
AND gates 350 and 351 are enabled in the  to sequence 9 is for the reason
that the sync same manner as for Regular an  CDM  tapes  word #12 is read
from the tape one odd and thus the gated flip-flops 346 and 347  numbered
sequence earlier than word #11 is 60  operate in the same manner as ust
described. transmitted (remember, the tape steps through However, the "odd
word" control signal will  word #12 after reading word #11).       125 be
at the "1" level for "odd word"transmis-    The transmi)sion equipment of
the present    27                                        1,345,581
27 invention also has the capability of transmit-    Turning now to the
character counter 135 ting tapes whose information was derived from   of
Figure 25, it will be explained how the so-called  "high  resolution
dipmeter tool"  character counter produces these results for (HDT). As set
forth in Miller et al U.S.  HDT transmission. Utilizing the timing dia- 5
Application Serial No. 703,428, Patent No.  gram of Figures 28A-28J in
conjunction with  70 3,457,544, an HDT tape requires 8 frames  Figure 5,
the output of AND gate 349 will of 12 words each to produce all of the  be
at the "1" level for HDT tapes provided information from the "high
resolution dip- the "permit writing" signal is at the "1" meter tool" in a
desired manner. Each of  level. Since the output of the AND gate 349 



10 these 8 frames is called a block.           is at the "1" level, the
outputs of the feed-  75 Due to the resolution requirements for  back OR
gates 350 and 351 will always be HDT, an HDT tape utilizes words which have
at the "1" level. Thus, the first and second two characters instead of
three characters.    gated flip-flops 346 and 347 will toggle in Referring
now to Figures 27A ond 27B  response to each applied P[err] pulse due to
the 15 there is shown the tape word format for HDT   cross coupled feedback
of each flip-flop. Thus, 80 data word and HDT depth word respectively.
looking at Figures 28A-28D, the movement First concerning the HDT data word
of Figure  of the tape, represented in Figure 28A will 27A, it can be seen
that tracks 1-4 of char-  produce the P[err] pulses of Figure 28B in the
acter 1 correspond to the weighted binary  same manner as before. However,
in the HDT 20  values 2[err] and tracks 1-4 of character 2  mode, the PR2
and PR3 signals of Figures  85 correspond to the weighted binary values
28C and 28D will change state in response to 2[err] Tracks 5 and 6 of
character are  each P[err] pulse due to the toggling action of reserved for
frame sync marks which are  the gated flip-flops 346 and 347. Since the
recorded in word 12 only. The block sync  character counter is initially
reset to the posi- 25  mark is recorded in track 5 of character 1; tion
where PR2 is "0" and PR3 is "1", the  90 during sequence 12 of frame 8 and
track 7  PR2 and PR3 signals will be 1800 out of is set aside for parity as
before. Referring now  phase with one another and thus the PR1 to the HDT
depth word format of Figure  signal will always be "0", as represented in
27B, only the tens and hundreds values of  Figure 28E. Thus as shown in
Figure 28F, 30  depth are recorded in HDT tapes. The ten's  the first
character inscribing pulse PW1 will 95 digit is recorded in binary form in
character 2  always be "0". and the hundred's digit is recorded in binary
Since for EDT tapes, the "odd word" sig- from  in character 1. The depth
mark is  nal from the dataphone interface will be at recorded in track 6 of
character 1 only since  the "0" level, the outputs from NAND gates 35  one
run almost completely fills up the tape.  356 and 358 will always be at the
"1" level 100 Again, track 7 of both characters is reserved  thus placing a
"1" at the input of AND gates for parity.
353-355 and 357 and NAND  gate 359. Now turning to Figure 11D, there is
shown  Thus, the AND gates 354 and 355 will pro- the serial word format for
HDT transmission.  duce the inscribing pulses PW2 and PW3 at 40  It can be
seen that shift register stages 6  alternate times in response to PR2 and
PR3  105 through 13 are reserved for the weighted  (and, of course, PWP) as
shown in Figures binary values 2-27. Stage 14 is set aside for  28G and
28H. The PW3+6 pulse will occur the block sync mark with stage 15 again set
simultaneously with PW3 since the output aside for even line parity.
Looking at Figure  from NAND gate 356 is always at the "1" 45  11E, there
is shown the serial format for a  level. Likewise, since the output from
NAND  110 depth word during HDT transmission. Stages  gate 356 is always at
the "1" level, the 6 through 13 are preserved for the binary coded decimal
bits and stage 14 is received  PR3+6 pulse from NAND gate 359, shown for
the depth mark. The "line sync word",  in Figure 28K, will be the
complement of 50  shown in Figure 11F, is the same as in  the PR3 pulse of
Figure 281). Thus, it can Figure 11C, having a "1" in all sixteen bit  be
seen how the character counter of Figure 115 positions.
25 will produce the inscribing pulses PW2, When transmitting, receiving or
playing  PW3 and PW3 + 6 each time the tape motor is back an HDT tape, the
selector switch 181 is  started before resetting the "motor flip-flop" 55
placed in the EDT position. Now turning to  98 to stop the tape. the tape
control circuits of Figures SA and    Referring back to Figure 5, it can be
120 5B, the character counter 135 is responsive  seen by comparing Figures
111) and l1E with to the HDT signal from the dataphone inter-  Figures 27A
and 27B how the encoder 317 face to generate two character inscribing
pulses  will convert the data contained in the write 60  before the tape
movement is stopped. For  register 315 from the HDT serial word format HDT
tapes, the PW2 inscribing pulse corre-  of Figures 11D  and 11E to the HDT
tape 125 sponds to character 1 and the PW3 inscribing  word format of
Figures 27A  and 27B in pulse corresponds to character '2. The PW1
response to the inscribing pulses PW2 and inscribing pulse will be inactive
fort HDT   PW3. It is to be noted- from Figure 3A that 65  tapes.
the. inscribing pulse PW1 ordinarily connects    2
1,345,581                                          28 tracks 1-4  to the
shift register stages 2  flipm-flop" 98. While the tape Was advancing
through 5 of Figures. 11A  and 11B. From   through the initial erased
section, the "gap 65 Figures l1D  and  11E it can be seen that  delay
circuit" 144 and "file gap delay circuit" stages 2 through 5 will never
contain data  147 detected the presence of the erased sec- 5  and thus the
absence of PW  is proper.      tion and caused the "detected gap one-shot"
When an HDT tape is being received, the  146 and "file gap one-shot" 148 to
supply tape recorder steps through two characters per  pulses to the
transmit control circuits inidica- 7W sequence as already describedj It is.
desirable,  tive of this fact however, that during the time that gaps are
The reading operation is controlled by 



10  transmitted, the. tape recorder at the receiver  the character counter
135 generating three should step through three characters in order
character instribing or strobing pulses PW1, that gaps in the received tape
have the proper  PW2 and PW3 which gate the tracks 1-6   75 length. To
accomplish this,    "permit writ-  read circuits to the proper stage of the
read ing" signal, PW, enters and AND gate 349  register 63. The character
counter 135 is 15  whose output enables the fee back paths in  advanced in
response to the detected magnetic the character counter of Figure 25 when
PW   marks on the tape With the first word of the is at the zero level,
thus achieving the desired, first file. sitting in the tape read register
63,  80 result.                                      nothing else happens
until the "transmit next The resetting of the various circuits in. the
file button" 165 of Figure 12 is pushed. 20  dataphone interface and tape
control circuits    Now turning to Figure 12, the "start" sig- is
identically the same for HDT T tapes as for  nal from the "start-stop
switch" 95 of Figure Regular logging tapes and need not be dis-  5A has
already removed one of the resets from   85 cussed further.
the "transmit next file flip-flop" 169. Before I                "transmit
next file flip-flop" 169 is set, it had Summary. of Opertion
been holding -the transmit control circuits of 25    In discussing the
operation o the data trans-  Figure 12 reset Now when the "transmit next
mission equipment of the present invention, it  file button" 165 is pushed,
resets are removed  90 will be assumed that every word   of a Regular  from
a portion of the transmit control circuits logging tape is to be
transmitted. In this  and the AND gate 171 is enabled so that the event,
the selector switch 181  f Figure 15B is 30  placed in the "REG" position
and the tape is  falling edge of the dibit clock transmit signal positioned
in the initial erase  section at the  front the  telephone company dataset
can set transmitter. Meanwhile, an eased. section is  the "request to send
flip-flop" 268. This allows  95 being created on tape having prerecorded
mag-  a "request to send" signal to be sent to the netic marks at the
receiver. To create this  data set and removes the final reset from the 35
initial erased section, the star-stop switch 95  "transmit next file
flip-flop" 169. The reason of Figure 5A at the receiver s moved to the  why
the "request to send" signal is synchron- start position to reset the
counting circuits at the receiver and set the "motor flip-flop" 98  ized
with the dibit clock transmit signal is 100 of Figure 5A. With the erase
switch 280 of  that the telephone company dataset is trans- 40  Figure 5A
energized, the "detected character  mitting two bits at a time and thus the
initia- pulses" will be grounded out so as to not  tion of transmission
must be synchronized with advance the character counter 135 of Figure  the
"dibit clock" rather than the "serial 5A and thus the tape will   tinue to
move  clock".                                        105 until the erase
switch 280 is released. Since    The dataset at the transmitter then estab-
45  the erase switch 280 groun   the "detected  ishes bit synchronism  with
the data set at character pulse" line and the  ad/write switch  the.
receiver and sends a "clear to send" sig- 140 supplies power to the write
circuits of  nal to the transmit control circuits representa- Figure 6 when
in the "writ" position, an  tive of such synchronism having been estab- 110
erased section is created.                   lished. This "clear to send"
signal allows the 50    Now back at the transmitter referring to
"synchronized clear to send flip-flop" 172 to Figures 5A and 5B, the
star-stop switch 95  be set which enables the AND gate 175 to is moved to
the start position to reset the counter at the transmitter and   set the
"motor  pass the serial clock transmit signal from the flip-flop" 98. Since
the tape is positioned in  data set to the dataphone interface as the  115
55  the erased section, there will. be no "detected  "transmit clock"
signal. The setting of the character pulses" and  thusl the character
"synchronized clear to send flip-flop" 172 also counter 135  will, not be
advnced while the  enables the AND gate 220 to transmit time tape is moving
through this erased section.  sync words during transmission of the initial
The tape will continue to move until the file gap.
120 60  first word of the first file is tead and stored  Turning now to the
dataphone interface cir- in the tape read register 63,1 at which time
cuits of Figure 15, the "transmit clock" sig- nal is utilizsd to- advance
the bit counter the trailing edge of the PRU+6 output pulse  184 of Figure
15A and shift the X /R register from character counter 135 resets the
"motor  67 of Figure 15C which during the transmis- 125    29
1,345,581                                         29 sion of the file gap,
does not have data placed  :buffer register 66 of Figure 16C X4 ("trans-
therein. After every sixteenth bit (one word)  fer X/R register window")
then parallel trans- of the "transmit clock" signal, the bit counter  fers
the data word contained in the transmit 184 will cause the  sequence
counter 189 to  buffer register 66 to the X/R register 67 byway 5  be
advanced, which in conjunction with the of the parallel gates. 229. The
"transmit clock"  70 binary-to-decimal matrix .197, keeps track of  then
shifts the data out of the X/R register the sequences and thus which word
is being  67 to the AND gate 233 of Figure 12 to be processed at any given
time.                sent to the dataset for transmission. In the
transmitting system of the present    Meanwhile, the tape movement is
produc- 



10  invention, word 1 of every frame is set aside  ing "detected character
pulses" from the read  75 for the line sync word unless a depth word is
circuits of Figure 8 which advance the char- read off of the tape. To
signal the transmit  acter counter 135 to produce the three char- control
circuits of Figure 12 when a line  acter inscribing pulses PW1, PW2 and
PW3. sync word is to be transmitted, a "line sync  Through the action of
PW1, PW2 and PW3, 15 seqeuence" signal from  AND  gate 198 of  each
character of the next word is read from   80 Figure 15B is supplied to the
transmit con- the tape and placed in the proper shift register trol
circuits. In the transmission of every word  stages of the tape read
register 63 for sub- of a Regular logging tape, this 'line sync  sequent
application to the dataphone interface sequence" signal will be at the "1"
level  for transmission. The tape movement is again 20  during word 1 of
every 12 word frame.      stopped by the trailing edge of the character  85
The transmitter signals the receiver as to whether a file gap or a record
gap is being  counter output pulse PR3+6. This process transmitted by the
presence or absence of a  continues over and over again until the con- sync
word in frame 3 of the transmitted gap.  tents of the file are transmitted.
25  Since the tape was initially placed in the    To transmit depth words,
the line sync initial erased section, the tape control circuits  word
generating AND gate 234 of Figure 12  90 *had detected a file gap and both
the "detected :is disabled whenever a depth word is read gap" and "detected
file gap" signal were  from the tape and the depth word is sub- generated
which results in the "gap detector  stituted for the line sync word. If a
depth 30  flip-flop" 210 of Figure 12 being placed in  word is read from
the tape; a "1" will be the reset or complementary state.
contained in one or more of the stages 14-16  95 With the "gap detector
flip-flop"reset, the  of the tape read register 63. The resulting output of
NAND -gate 211 will always be at  "detected depth read" signals is supplied
to the "1" level so that a line sync word will be  the dataphone interface
of Figure 15A to set 35  transmitted by way of the AND gate 220  the "depth
display flip-flop" 237 and change during frame 3 to tell the receiver that
a file gap is being generated. The complement-. the depth signal to the "0"
level thus disabling  100 ary output of the "gap detector flip-flop" 210
the AND gate 234 from generating a sync enables the AND gate 213 so as to
set the  word.Instead, the depth word which was read 40  "transmit data
flip-flop"  173  after  the  from  the tape is transferred to. the X/R
twentieth frame, 20 frames comprising a file  register 67 (Figure 15C and
from there to gap. With the "transmit data flip-flop" 173  the OR gate 221
(Figure 12) to be transmitted  105 set, the AND gates 214-217, 233 and 234
in the same manner as a Regular well logging are now enabled to allow the
transmission of  data word. 45  the well logging data. The AND gates 214,
Now concerning the operation of the cir- 215, and 216 allow the timing
control pulses  cuits at the receiving end of the transmission X[err],
which are generated after  link, it will be recalled that the initial
erased  110 each 16 bit word is transmitted, to produce  section has
already been made. Referring to the  signals "step  tape command-X-mit",
the receive control circuit of Figure 22, when 50  "shift tape read
register window', and "trans-  the transmitter places the carrier on the
tele- fer X/R register window" respectiely. The  phone line, the "carrier
on" signal from the AND gate 234 produces the line sync words        data
set will be supplied to the receive con- 115 in response to the "line sync
sequence" signal  trol circuits of Figure 22. This "carrier on" and the AND
gate 233 passes the PCM  data   signal will enable the "serial clock
receive" 55  from the X/R register 67 of Figure 150 to  signal from  the
dataset to pass by way of the transmitting dataset for transmission.    AND
gate 283 to the X/R register 67 as the Upon the "transmit data flip-flop"
173 of  "receive clock" signal for shifting the X/R  120 Figure 12 being
set, the X[err] falling edge occur-  register 67. Meanwhile, the datasets
at the ring at the same time causes the generation  transmitting and
receiving ends of the trans- 60  of the timing control pulses X[err]
mission links establish synchronism with one ("step tape commaand") sets
the "motor flip-  another, after which, the receiver will begin flop" 98 of
Figure 5A to initiate tape motion  receiving the first transmitted bits.
125 and X[err] ("shift tape read register window)   It will be recalled
from the discussion of causes the data to be shifted from the tape  the
transmitting operation that a file gap is 65 read register 63 of Figure 5B
to the transmit  transmitted first and the first word of the file    30
1,345,581:                                        30 gap is a "line sync
word". thus, referring  which occurs during sequence 1 of every frame
3 briefly to Figure 15C, when the "line sync  (except when a depth word is
transmitted) word" has been completely entered into the  for Regular
logging tapes, the "line sync X/R register 67, a "detected Ine sync pulse"
detector" 289,supplies the "detected line sync 5  will be generated from
the "line sync detector"  pulse" to the receive control circuits 195 and
70 289 and utilized by the receive control cir-  inhibits the parallel
transfer of the received cuits of Figure 22 to enable an AND gate sync word
from X/R register 67 to the receive 286 to generate the "detected Ine sync
pulse" buffer register 81 by disabling the AND gate (DLSP) when strobed by
the " line sync stroke  305. The "detected line sync pulse" is then 



10  pulse" from one-shot 284. This "detected line  utilized to reset
various circuits in the data-  75 sync pulse" resets various circuits in
the data-  phone interface and tape control circuits of phone interface and
tape contol circuits and  Figures 5 and 15. If a depth word is received
also sets the "permit stepping flip-flop" 280.  during sequence 1, the
output of the "line With the "permit stepping flip-flop" 280 set, sync
detector" 289 will remain at "0" level 15 the "gated receive clock" pas
via the AND   and the depth word is transferred like any  80 gate 290 to
the bit counter  84 of Figure  well logging data word. 15A. Thus, the bit
counter    begin advanc-    This process continues over and over again ing
only after the first line  ync word has  with each word being entered into
the X/R been received. Additionally,    "permit step-  register and the bit
counter 184 (Figure 15A) 20  ping flip-flop" enables the    D gate 292 to
output X[err] causing the generation of the tim  85 pass X[err] as the
"step tape command" so that  ing control pulses [err] Thus, after the tape
can move to make the file gap.     each word is entered into the X/R
register 67, The  receive  control ci  its  determine  it is shifted to the
tape write register 82 to whether the transmitted gap   a record gap  be
written on tape. 25  or file gap by looking at wo   1 of frame 3    Turning
now to Figure 22, when the trans-  go to determine if a "line sync  word"
has been  mission is stopped at the end of a file, the transmitted. The AND
gate 294 is enabled  "carrier on" signal will go to "0", thus dis- during
frame 3 to reset the  record gap flip-  abling the AND gate 283 from
passing the flop" 281 if a file gap is being transmitted.  "receive clock'
signal to the X/R register and 30  If a record gap is being transmitted,
flip-flop  reseting the 'permit stepping flip-flop" 280. 95 281 will remain
set Since  initial gap is  With the "permit stepping flip-flop" 280 a file
gap, the twentieth frame ignal from the  reset, the AND gates 290 and 292
are dis- frame counter matrix 197 of  igure 15B will  abled to prevent the
"gated receive clock" set the "permit writing flip- flop" 293 for  from
being applied to the bit counter 184 of 35  generating the "permit writin"
signal. Thus,  Figure 15A and the "step tape command"  100 the "permit
writing" signal will go to the  from setting the "motor flip-flop" 98 of
Figure "1" level simultaneously with   beginning of transmission of the
first data file to enable  5A. The "carrier on" signal also sets the the
generation of the "permit writing pulses"  "record gap flip-flop" to place
it in the proper 40  (PWP) from  AND  gate 142  to write the  state to
detect whether a file or record gap received data on tape.
is transmitted when the transmission starts  105 Simultaneously with the
"permit writing"  again. signal going to "1", the data word which had
During both the transmission and reception been entered into the X/R
register 67 is gated  of data, the logging data for one channel, i.e., 45
to the receive buffer register 8 by the timing  one word, can be displayed
by the data dis- control pulse X2 via the parallel gates 304 of  play
circuits in Figure 19. To this end, the  110 Figures 15C The data word is
then shifted  data display selector switch 244 selects one out of the
receive buffer register 81 of Figure  sequence and thus one word for the
data dis- 15C to the tape write register 82 of the tape  play by enabling
an AND gate 245 to pass 50  control circuits of Figure 5B by way of the
-the timing control pulse X[err] to the data dis- AND gate 310 and mode
selector switch 70a  play circuits as a window. This window  115 (Figure
15C) in response to the timing con- nables the data display circuits to
receive trol pulse X[err]. Meanwhile, the timing control the PCM  data
being shifted out of the tape pulse X[err] had initiated tape motion by
caus-  read register 63 in the transmit mode or out 55  ing the generation
of the "step tape command-  of the receive buffer register 81 in the
receive receive" signal from OR gate 291 of Figure  mode.
120 22. With the tape moving, the resulting    The display circuits of
Figure 19 are also "detected character pulses" from the read cir-  adapted
to display. depth words. A depth word cuits of Figure 8 advance the
ciaracter counter  is recorded on the tape every 10-feet as word 60  135 of
Figure 5A to produce the three charb  1 and is identified by a  1 in either
the four- acter inscribing pulses PW1, pW2 and PW3.  teent   fifteenth or
sixteenth shift register 125 These inscribing pulses cause the word con-
stages. Thus,  during the transmit mode, the tained in tape write register
8  to be written  fourteenth, fifteenth and sixteenth stages of on tape.
the tape read  register 63 of Figure 5B are 65  Whenever a line sync word
is received,  interrogated by OR gate 157 which supplies a    31
1,345,581                                       31 "detected depth read
signal to the data-  tion of the timing control pulses X[err] phone
interface of Figure 15A for setting the  and X[err] for advancing the tape
and transferring "depth display flip-flop" 237 during sequence  the data in
the same manner as when the 1. The "depth display flip-flop" 237 then sup-
system was operating in the transmit mode. 5  plies a "command shift depth
display" signal    When the movement of the magnetic tape is  70 to the
depth and data display circuits of  synchronized to the recorder film
drive, i.e. Figure 19 via the mode selector switch 70E  the RDP position of
the mode selector switches to enable the data being read out of the tape
70A-70G, the recorder drive pulse generat- read register to be entered into
the depth  ing circuits 87 of Figure 1 will generate 



10  display circuits. During the receive mode, on  depth pulses in response
to the rotation of  75 the other hand, the fourteenth, fifteenth and  the
optical slotted drum  86 of Figure 1. sixteenth stages of the receive
buffer register  These depth pulses are then substituted for are
interrogated by an OR gate 306 to set the  the output signal X[err] from
the bit counter 184 "depth command flip-flop" 308 which prduces  to again
generate the timing control pulses 15 the "command shift depth display"
signal by  X[err]. The tape is then moved and the  80 way of the receive
position of the mode selec-  data shifted between subsystems in the same
tor 70E to enable the data to be entered into  manner as in the internal
oscillator mode. the depth display circuits.                Since the well
logging data written on the The data being transmitted or received can
tape is evenly distributed along the tape as a 20  be recorded on film by
the playback circuits  function of borehole depth and the magnetic  85 of
Figure 20. To this end, a "playback  tape movement is synchronized with the
film window" is generated during the timing inter-  movement, the analog
well logging signals will val Xs by way of the AND gate 261 to cause  be
recorded on the photographic film as a the data to be shifted into the
entry register  function of borehole depth. 25  265 of Figure 20. The
digital data word con-    The transmission equipment of the present  90
tained in the entry register 265 is then con-  invention also has the
capability of transmit- verted to an analog signal and supplied to the
ting, receiving and playing back dipmeter proper storage condensers 279
through the  tapes derived from the so-called "continuous action of the
parallel decommutator gates 271. dipmeter tool" and "high resolution
dipmeter 30  The proper decommutator gate is selected  tool". The various
features of the so-called  95 through the action of the sequence signals
EDM  tool are described in U.S. Patents from  the sequence counter matrix
194 of  2,427,960 and 2,746,162. The various features Figure 15B energizing
the proper decom-  of a high resolution dipmeter type of tool are mutator
gate. The playback circuits of Figure  described in U.S. Application Serial
No. 35  20 will cause a zero voltage to be placed on  219,629 filed August
27, 1962, in the name 100 the particular capacitor 270 of the sign bit  of
A. Vezin and granted under Patent No. stage indicates a negative quantity
by reset-  3,423,671. First concerning the CDM  tapes, ting the data in the
entry register 265 by way  with the selector switch 181 in the CDM posi- of
the AND gate 266. In the receive mode of  tion, the operation will be
substantially the 40  operation, the "even line parity receive flip-  same
as when the selector switch is in the 105 flop" 262 of Figure 15 will
inhibit the "play-  regular logging position. However, the CDM back window"
from  being generated if the  tapes have sync marks recorded every "odd
parity of the received data word is wrong. In  frame" instead of every
frame. Thus, an this event, the playback circuits will effectively  "even
frame flip-flop" 195 causes the "tape 45 use the last received data word
for that par-  sync sequence" signal to be generated in the 110 ticular
channel since new data will not be  dataphone interface circuits only
during every entered into the entry register 265 of Figure  "odd frame".
This is accomplished through the 20, i.e., the capacitor 270 for that
channel  operation of the OR gate 314 which produces will not be undated.
a "1" output only during "odd frames" as 50    The transmission apparatus
of the present  indicated by the "even frame flip-flop" 195. 115 invention
also has the capability of playing  In the tape control circuits of Figure
5, this !back a tape to make a film recording and/for  "tape sync sequence"
signal enables the AND display the depth and data words. To accom-  gate
326 to place the sync marks in tracks plish this playback, either an
"internal oscil-  5 and 6 only during "odd frames" in the 55  lator
circuit" contained within the transmis-  CDM  mode.
120 sion equipment can be utilized for advancing    Now concerning the
operation of the equip- the tape or advancement of the tape can be ment in
the HDT mode, the dataphone inter- synchronized to the movement of the film
face circuits of Figure 15 operate in the recorder drive. Taking first the
internal oscil-  same manner as in the Regular logging mode. 60  lator
mode, the "internal oscillator one-shot"  However, the transmitted HDT tape
utilizes 125 240 of Figure 5 is responsive to the third and  a two
character per word format instead of last character inscribing pulse PW3
for gener-  three. Thus, the character counter 135 of ating a pulse which
is substituted for the  Figure 5 is responsive to the HDT signal from
output X. of the bit counter 184. This  the dataphone interface to alter
its operation 65  "internal oscillator pulse" causes the genera-  so that
the data is read from and written on  130    32
1,345581                                         32 magnetic tape in
accordance with this HDT  tape moves and terminating movement of said  65
format.                                     tape after writing data in a
predetermined The transmission circuits of the present  number of
successive side-by-side positions invention also have the capabi ity of
transmit-  on said tape. 5  ting every "odd word" of a ape, instead of  3.
The apparatus of claim 1 wherein said every word, to substantially speed up
the  tape has data gaps recorded thereon and  70 transmission of the tape.
Thus with the selec  further characterized by means coupled to tor switch
181 in the "odd word"  position, the  said control means for detecting the
relative character counter 135 of Figure 5 is respon-  length of a data gap
as the tape moves and 



10  sive to the "odd word" signal from the data-  generating at least one
signal representative phone interface to cause the tape to step  thereof,
means for periodically generating a  75 through six characters before
stopping while  synchronization word having a given coding only reading or
writing during  the first three  pattern and transferring said
synchronization characters. Since word 12 is utilized as the -word to said
transmission link at said given 15  tape sync word in all tapes, the sync
strobing  bit rate for transmission to the remote loca- pulse PW3 + 6 is
generated in response to the  tion, and means responsive to said at least
80 sixth "detected character pulse  so that word  one signal presentative
of a data gap for 12 will be the sync word on    tape recreated  inhibiting
the generation of a selected syn- at the receiver.
chronization  word  in  dependence on the 20    The reset signals for
REgular logging,  detected length of said gap to thereby inform CDM, and
HDT tapes as well as"odd word"  the remote location of the length of the
data  85 transmission differ from one another because  gap. of the
different formats used.                4. The apparatus of claim 1 wherein
said tape includes well logging data words and WHAT I CLAIM  IS:-
depth words and further characterized by 25    1. An  apparatus for
transmitting  data  means for peiodically shifting a synchroniza-  90
derived from a data supporting tape over a  tion word, in exclusion of a
data word, to the transmission link at a given  it rate wherein
transmission link  for transmission  to  the each data word is recorded
a given num-  remote location, said synchronization word ber of successive
side-by-side  character posi-  being adaptel to synchronize the
transmitting 30  tions thereon and a clock si   representative  and
receiving ends of the transmission link  95 of the transmission bit rate
derived from   with each other, means for periodically interro- the
transmission link, comprsing: a buffer  gating the data read from the tape
to deter- memory, control means ada      for moving  mine the presence of a
depth word, and means the tape and reading the data bits of succes-  for
substituting a detected depth word for a 35  sive characters on the tape is
it moves and  synchronization word if a depth word is 100 transferring said
read data bi for each char-  detected for transmission to the remote loca-
acter to selected positions of said buffer  tion. memory in a manner to
produce a transmis-    5. The apparatus of claim 3 and further sion word
suitable for transmission over said  characterized by including receiving
apparatus 40  transmission link, and mean  responsive to  for receiving
data from the transmission link  105 said clock signal for shifting said
stored data  for recording on tape, which receiving appar- in said buffer
memory to said transmission  atus includes, means for receiving the data
link at a rate dependent on said transmission  from  the transmission link
at the given bit bit rate for transmission to a remote loca- -rate, means
for interrogating the received data 45  tion, chaarcterized in that said
control means  for the presence of the coding pattern which  110 includes
means responsive to a given number  signifies  a synchronization  word,
means of cycles of said clock signl for initiating  adapted for moving the
tape, writing means movement of said tape and teminating move-  adapted for
writing, the received data on the ment of said tape after a pre-determined
num-  tape as the tape moves, and means respon- 50  ber of said successive
side-b -side characters  sive to a selected one of the synchronization  115
have been read.                             words for disabling the writing
means from 2. The apparatus of claim 1 characterized  writing data on the
tape until a selected by further including receivin  apparatus for
cumulative number of bits have been received receiving the transmitted data
from the trans-  including means for counting said received 55  mission
link for recording on tape, said receiv-  bits to enable the writing means
to write 120 ing apparatus including means responsive to  data on the tape
upon the selected number of a given number of cycles of a clock signal bits
being received. from said transmission link for initiating move-    6. The
apparatus of claim  1 wherein well ment of the tape, a buffer memory, means
logging datawords and depth words are trans- 60  responsive to said clock
signal for shifting the  mitted and further including receiving appar- 125
received data to the buffer memory at said  atus having Means for receiving
data from the given bit rate, means for writing said data transmission link
at said given bit rate for contained in said buffer memory on tape in
recording on tape which receiving apparatus successive side-by-side
positions while said  is characterized by means -for periodically    32
1,345,581                                         32 magnetic tape in
accordance with this HDT   tape moves and terminating movement of said  65
format.                                  tape after writing data in a
predetermined The transmission circuits of the present  number of
successive side-by-side positions invention also have the capability of
transmit-  on said tape. 5  ting every "odd word" of a tape, instead of
3. The apparatus of claim  1 wherein said every word, to substantially
speed up the  tape has data gaps recorded thereon and  70 transmission of
the tape. Thus, with the selec-  further characterized by means coupled to
tor switch 181 in the "odd word" position, the  said control means for
detecting the relative character counter 135 of Figure 5 is respon-  length
of a data gap as the tape moves and 



10  sive to the "odd word" signal from the data-  generating at least one
signal representative phone interface to cause the tape to step  thereof,
means for periodically generating a  75 through six characters before
stopping while  synchronization word having a given coding only reading or
writing during the first three  pattern and transferring said
synchronization characters. Since word 12 is utilized as the  word to said
transmission link at said given 15  tape sync word in all tapes, the sync
strobing  bit rate for transmission to the remote loca- pulse PW3 + 6 is
generated in response to the  tion, and means responsive to said at least
80 sixth "detected character pulse" so that word  one signal representative
of a data gap for 12 will be the sync word on the tape recreated
inhibiting the generation of a selected syn- at the receiver.
chronization  word  in  dependence on  the 20    The reset signals for
Regular logging,  detected length of said gap to thereby inform CDM, and
HDT tapes as well as "odd word"  the remote location of the length of the
data  85 transmission differ from one another because  gap. of the
different formats used.                4. The apparatus of claim  1 wherein
said tape includes well logging data words and WHAT I CLAIM  IS: -
depth words and further characterized by 25    1. An  apparatus for
transmitting  data  means for periodically shifting a synchroniza-  90
derived from a data supporting tape over a  tion word, in exclusion of a
data word, to the transmission link at a given bit rate wherein
transmission link for transmission  to  the each data word is recorded in a
given num-  remote location, said synchronization word ber of successive
side-by-side character posi-  being adapted to synchronize the transmitting
30  tions thereon and a clock signal representative  and receiving ends of
the transmission link  95 of the transmission bit rate is derived from
with each other, means for periodically interro- the transmission link,
comprising: a buffer  gating the data read from the tape to deter- memory,
control means adapted for moving  mine the presence of a depth word, and
means the tape and reading the data bits of succes-  for substituting a
detected depth word for a 35  sive characters on the tape as it moves and
synchronization word if a depth word is 100 transferring said read data
bits for each char-  detected for transmission to the remote loca- acter to
selected positions of said buffer  tion. memory in a manner to produce a
transmis-    5. The apparatus of claim  3 and further sion word suitable
for transmission over said  characterized by including receiving apparatus
40  transmission link, and means responsive to  for receiving data from the
transmission link 105 said clock signal for shifting said stored data  for
recording on tape, which receiving appar- in said buffer memory to said
transmission  atus includes, means for receiving the data link at a rate
dependent on said transmission  from  the transmission link at the given
bit bit rate for transmission to a remote loca-  rate, means for
interrogating the received data 45  tion, chaarcterized in that said
control means  for the presence of the coding pattern which  110 includes
means responsive to a given number  signifies  a  synchronization  word,
means of cycles of said clock signal for initiating  adapted for moving the
tape, writing means movement of said tape and terminating move-  adapted
for writing, the received data on the ment of said tape after a
pre-determined num-  tape as the tape moves, and means respon- 50  ber of
said successive side-by-side characters  sive to a selected one of the
synchronization  115 have been read.                             words for
disabling the writing means from 2. The apparatus of claim 1 characterized
writing data on the tape until a selected -  by further including receiving
apparatus for  cumulative number of bits have been received receiving the
transmitted data from the trans-  including means for counting said
received 55  mission link for recording on tape, said receiv-  bits to
enable the writing means to write 120 ing apparatus including means
responsive to  data on the tape upon the selected number of a given number
of cycles of a clock signal  bits being received. from said transmission
link for initiating move-    6. The apparatus of claim  1 wherein well ment
of the tape, a buffer memory, means  logging data words and depth words are
trans- 60  responsive to said clock signal for shifting the  mitted and
further including receiving appar- 125 received data to the buffer memory
at said  atus having means for receiving data from the given bit rate,
means for writing said data  transmission link at said given bit rate for
contained in said buffer memory on tape in  recording on tape which
receiving apparatus successive side-by-side positions while said  is
characterized by means for periodically    33
1,345,581 generating a plurality of control pulses after a  in that said
means for writing the received selected number of bits have been received,
data in successive side-by-side positions on the sequencing means
responsive to a periodically  tape and terminating tape movement includes
recurring one of said control pulses for gener-  means for detecting said
prerecorded indicia 5  ating sequence signals representative of which  on
said tape while it moves and generating  70 words are being received and
recorded, means  one detection signal for each character posi- responsive
to another periodically recurring  tion, means for counting said detection
signals one of said control pulses for moving the tape,  and generating
control signals representative means for writing the well logging data
words  of the number of counted detection signals 



10  and the depth words on the tape, the tape  since tape movement was
initiated, and means  75 format for a well logging data word differ-
responsive to certain ones of said control sig- ing from the tape format
for a depth word, nals for writing data in increments along said and means
responsive to the sequence signals  tape and stopping tape movement after
data for changing the writing format of the data  has been written in a
predetermined number 15  written on the tape in accordance with whether  of
successive side-by-side positions on said  80 a well logging data word or
depth word is  tape. being recorded.                               11. The
apparatus of claim 3 characterized 7. The apparatus of claim 1
characterized  in that said means for detecting the length of in that said
means for terminating movement  a gap includes a first timing means respon-
20  includes counter means, means responsive to  sive to the absence of
said read data bits  85 at least one data bit for each character read  for
a first time period for generating a first from said tape for incrementing
said counter  gap signal, and second timing means respon- means, and means
responsive to the state of  sive to the absence of said read data bits for
said counter means for energizing said tape  a second period of time for
generating a 25  moving means to terminate movement of said  second gap
signal; and that said means for  90 tape after a predetermined number of
succes-  inhibiting the. generation of a synchronization sive side-by-side
characters have been read.    word include means responsive to only one 8.
The apparatus of claim 2 wherein said  of said gap signals for inhibiting
the genera- tape for the receiving apparatus has pre-  mon of a selected
synchronization word, the 30  recorded indicia thereon characterized in
that  generation of the other gap signal allowing  95 said means for
writing data and terminating  said selected synchronization word to be
gener- tape movement is responsive to said pre-  ated. recorded indicia for
writing data in successive    12. The apparatus of claim 4 further char-
side-by-side positions on said tape and ter-  acterized by receiving
apparatus including a 35  ininating tape movement                    buffer
memory, means for receiving the data  100 9. The apparatus of claim 1
characterized  from the transmission link at said given bit in that said
control means includes program-  rate for entering into said buffer memory,
ming means responsive to said clock signal for  means for periodically
generating a plurality repetitively producing a plurality of control  of
control pulses each time after a selected 40  signals after a predetermined
number of cycles  number of bits have been received, sequenc- 105 of said
clock signal have been generated, said  ing. means responsive to a
periodically recur- movement initiating and terminating means  ring one of
said control pulses for generating including means responsive to at least
one  sequence signals representative of which words of said repetitively
produced control signals  are being received atany given time, means 45
for initiating movement  of said tape, means  responsive to a periodically
recurring one of 110 for reading the data on the tape as it moves said
control pulses for interrogating the con- and producing tape read signals
representa-  tents of said buffer memory for a coding tive of the read
data; means responsive towat  pattern which signifies the presence of a
syn- least one of said tape read signals for each  chronization word  and
generating  a syn- 50  tape character for producing other control
chronization signal whenever such a coding  115 signals representative of
which characters of  pattern is detected, means for detecting said each
data word are being read at any given  sequencing means to a predetermined
state in time; and means responsive to selected ones  response to said
synchronization signal, and of said other control signals for transferring
at  means responsive to the sequence signal gener- 55  least a portion of
said read data to said  ated during the time period, when a syn- 120 buffer
memory in a manner to produce trans-  chronization word is expected for
interrogat- mission words suitable for transfer to said  ing a
predetermined portion of the contents of transmission link, said movement
initiating and  said buffer memory for the presence of a cod- terminating
means further including 'means  ing pattern which signifies a depth word
and 60  responsive to at least one of said other con-  generating a depth
indication signal to indi- 125 trol signals for terminriating movement of
said  cate the reception of such a depth word upon tape after data from a
predetermined number  such a coding pattern being detected. of successive
side-by-side character positions    13. The apparatus of claim 1
characterized has been read.                              in that said
control means includes means 65    10. The apparatus of claim 8
characterized  adapted for moving said tape, a plurality of 130    34
1,345581                                        34 sensing means located in
a line across said  chronization  word  in  dependence on  the tape for
sensing indicating on  said tape as  detected length of said gap to thereby
inform it moves and producing a read  pulse in  the remote location of the
length of the data response to each sense indication, means  gap. 5
esponsiv to the first generate  read pulse    17. The method of claim  14
wherein said  70 for producing a delayed pulse, and means  tape includes
well logging data words and responsive to said delayed pulse for inhibiting
depth words and further characterized by substantially all of said sensing
means from   periodically shifing a synchronization word, detesting other
indications on said tape in a  an exclusion of a data word, to the
transmis- 



10  time period proximate to said first indica-  sion link for transmission
to a remote location,  75 tin detection, and means for transfering read
said synchronization word being adapted to pulses from  at least some of
said sensing  synchronize the transmitting  and receiving means to selected
positions of said buffer  ends of the transmission link with each other,
memory.                                      periodically interrogating the
data read from 15    14. A method of transmitting data derived the tape to
determine the prsece of a depth  80 from  a tape over a trasmission link at
a  word, and substituting a detected depth word given bit rate wherein each
data word is  for a synchronization word if a depth word is recorded in a
given number of successive  detected for transmission to the remote loca-
snde-by-side chracter positions thereon and  tion. 20  a clock signal
representative of    transmis    18. The method   of claim  16 and further
85 sion bit rate is derived from the transmission  including receiving data
from  the transmis- link, comprising: moving the tape reading   sion link
at the given bit rate characterized the data bits for each character on the
tape  by interrogating the received data for the pre-. as it moves and
transfering said read data  sence of the coding between which signifies a
bits for each character to selected positions     synchronization word,
writing the received  90 of a buffer memory in a manner to produce a  data
on a second tape as the second tape transmission word suitable for
transmisn  moves, and counting received bits to enable over said
transmission link, and shifting said  the writing of data on the second
tape upon stored data in said buffer memory to said  a selected number of
bits being received. transmission link at a rate dependenton said    19. An
apparatus for receiving data trans-  95 transmission bit rate for
transmission to a  mitted over a transmission link it a given bit remote
location, characterized by the steps of  rate and writing the received data
on a tape incrementally moving said tape  y initiating  having prerecorded
indicia thereon, including movement of said tape after a given number
means responsive to a given number of cycles 35  of cycles of said clock
signal have been pro-     of a clock signal from said transmission link
100 duced and terminating movement of said tape  for initiating movement of
the tape, a buffer after a pre-determined number of said succes-  memory,
means responsive to said clock sig sive side-by-side characters have been
read.    nal for shifting received  data to the buffer 15. The method of
claim 14 further includ-  memory at said given bit rate, means for 40  ing
receiving the transmitted data from  the  detecting said prerecorded
indicia as the tape  105 transmission link for recording a second tape,
moves, and means responsive to said detected characterized by incrementally
moving said  precorded indicia for writing said data con- second tape by
initiating movement of the  tained in said buffer memory on tape in suc
second tape upon receiving a given number  cessive side-by-side positions
while said tape 45  of cycles of a clock signal from said transmis-  moves
and terminating movement of said tape  110 sion link, shifting the
received data to a  after writing data in a predetermined number buffer
memory at said given bit rate writing  of successive sie-by-side positions
on said said data contained in said buffer memory on tape. the second tape
in successive side-by-side pisi-        20. The apparatus of claim 19
wherein said 50   tions until said second tape moves and ter-         means
for detecting said  precorded indicia on  115 minating movement of said
tape after  said tape while is moves is operative for writing data in a
predetermined number of     generating one detection signal for each char-
successive side-by-side position on said   acter position, and said writing
and terminat- second tape.                               ing means includes
means for counting said 55   16. The method of claim  14 wherein  said
detection signals and generating control sig 120 tape has  data gaps
recorded and  nals representative of the number of counted further
characterized by detecting the relative  detection signals since tape
movement was length Of a data gap as the tape and  initiaed, and means
responsive to certain generating at least one signal representative ones of
said control signals for writing data .60. thereof ,periodically generating
a synchroniza  in increments along said tape and stopping  125 tion word
having a gwen coding pattern and  tape movement after data has been written
transferring said synchronization word to said  in a predetermined number
of successive side- transmission link at said given bit rate for  by-side
positions on said tape. transmission to  the remote  location, and    21.
The apparatus of claim  19 or 20 for .65  inhibiig the generation of a
selected syn-  receiving data including periodically trans- 130    35
1,345,581                                       35 mitted synchronization
words, further includ-  coding pattern which signifies a depth word  55 ing
means for interrogating the received data  and generating a depth
indication signal to for the presence of a coding pattern which  indicate
the reception of such a depth word signifies a synchronization word, and
means  upon such a coding pattern being detected. 5  responsive to a
selected one of the syn-    24. A method for receivingdata transmitted
chronization words for disabling the writing  over a transmission link at a
given bit rate  60 means from writing data on the tape until a  and writing
the data on a tape having pre- selected cumulative number of bits have been
recorded indicia thereon including receiving the received, including means
for counting said  transmitted data from the transmission link, 



10  received bits to enable the writing means to  incrementally moving said
tape by initiating write data on the tape upon the selected num-  movement
of the tape upon receiving a given  65 ber of bits being received
number of cycles of a clock signal from said 22. The apparatus of claim  19
or 20 for  transmission link, shifting the received data to receiving
transmitted data including well log-  a buffer memory at said given bit
rate, 15 ging data words and depth words, the tape  detecting said
prerecorded indicia as the tape format for a well logging data word
differing  moves, writing said data contained in said  70 from the tape
format for a depth word, further  buffer memory on tape in successive
side-by- including means for periodically generating a  side positions
while said tape moves, in plurality of control pulses after a selected
response to said detected indicia, and ter- 20  number of bits have been
received, sequencing  minating movement of said tape after writ- means
responsive to a periodically recurring  ing data in a predetermined number
of succes-  75 one of said control pulses for generating sive side-by-side
positions on said tape. sequence signals representative of which words
25. A method of claim  24 for receiving are being received and recorded;
and means data including periodically transmitted syn- 25 responsive to the
sequence signals for chang- chronization words, further incuding interro-
ing the writing format of the data written on  gating the received data for
the presence of  80 tape in accordance with whether a well log-  a coding
pattern which signifies a synchroniza- ging data word or depth word is
being  tion word, and counting received tape bits to recorded.
enable the writing of data on the tape upon 30    23. The apparatus of
claim 19 or 20 for  a selected number of bits being received. receiving
transmitted data including well log-    26. Apparatus for transmitting data
substan-  85 ging data words, depth words and  syn-  tially as hereinbefore
described with reference chronization words, further including means  to
and as illustrated in the accompanying for periodically generating a
plurality of con-  drawings. 35  trol pulses each time after a selected
number    27. Apparatus for receiving data substan- of bits have been
received, sequencing means  tially as hereinbefore described with reference
90 responsive to a periodically recurring one of  to and as illustrated in
the accompanying said control pulses for generating sequence  drawings.
signals representative of which words are    28. A data transmitting and
receiving sys- 40  being receieved at any given time, means  tem
substantially as hereinbefore described responsive to a periodically
recurring one of  with reference to and as illustrated in the  95 said
control pulses for interrogating the con-  accompanying drawings. tents of
said buffer memory for a coding    29. A method of transmitting data
substan- pattern which signifies the presence of a syn-  tially as
hereinbefore described with reference 45  chronization  word and generating
a syn-  to and as illustrated in the accompanying chronization signal
whenever such a coding  drawings.                                 100
pattern is detected, means for resetting said    30. A method of receiving
data substan- seqeuencing means to a predetermined state  tially as
hereinbefore described with reference in response to said synchronization
signal, and  to and as illustrated in the accompanying 50  means responsive
to the sequence signal gener-  drawings. ated during the time period when a
syn- chronization word is expected for interrogat-         K. G. W. SMITH,
ing a predetermined portion of the contents         Chartered Patent Agent
of said buffer memory for the presence of a Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa 1974. Published by
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