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L. 3,369,223
INCREMENTAL TAPE RECORDER AND
DATA RATE CONVERTER i

Hugh L. Dryvden, Deputy Administrator of the National

Aeronautics and Space Administration, with respect to

an fovention of David A. Ehvenfeld, South Pasadena,

and Irvine Karsh, Los Angeles, Calif.. .

: Filed Nov. 16, 1965, Ser. No. 508,170
7 Claims. (CL 340--172.5)

Origin of the invention

The invention described herein was made in the per-
formance of work under 2 NASA contact apd is subject
to the provisions of Section 305 of the MNatiopal Aero-
nautics and Space Act of 1958, Public Law 85-568 (72
Stat. 435; 42 USC 2457).

‘The present invention relates to means and technigues
useful in recording data in digital form and 10 reproduc~
tion of such data so recorded.

Briefly, the system described herein involves an im-
.proved data storage system capable of storing digital data
in a high density format on magnefic tape notwithstand-
ing that the incoming data which is to be recorded occurs
at a slow rate, the system having the further capability of
reproducing the recorded data at an output rate selectable
by the user. )

There are many instances in which it is desirable to
record incoming data on 2 number of magnetic tape chan-
nels, with the incoming data rate being from 2 few bits
per second or even per hour 0 perhaps a thousand or
two thounsand bits per second tonsidered on a per chan-
nel basis. Conventional recording means for doing so are
of necessity very wasteful of recording tape, since a large
amount of tape may be used in storing a small amount
of information, particularly so becauvse of the start and
* stop characteristics of the tape trapsport, In an aticmpt
to minimize tape requirements, there have heretofore
been developed recorders, usually referred to as incre-
mental recorders, emplcvmg means for mtexmlttenﬂy
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moving the recording taps, and such means usually in-

volves the use of stepping motors.

In such prior art arrangements, when the incoming data
is detected, a signal is developed for actuaung the step-
ping motor and during its operation the data is recorded.
A limitation on arrangements of this character arises
from limitations on the spsed with which such stepping
motors can be reliably actuated—normally 100 to 200
steps per second. On the other hand, there are many in-
stances where it is desited to accommodate variable data
rates whith on otcasion may exceed 100 bits -per second.
In this area no satisfactory egiipment cxists which will
accommodate these higher rates and which will at the
same time efficiently handle much slower data input rates
present in the same input signal system. A further limita-
tion or disadvantage of conventional incremental re-
corders is that difficulties arise in playing back the previ-
ously recorded data incrementally becanse of problems

arising out of registration, and. thus, tapes recorded on.
incremental recorders are uvsually played back continu-

ously, with the output rate.of data from such tape bemg
dependent on playback tape speéed. In many cases, it.is
desirable to clock ont the recorded data at a rate select-
able by the user, and one feature of the piesent invention
involves provision of means whereby this result may be
accomplished.

In accordance with the present mvenuan, data is re- -

corded on a magnetic tape without requiring the taps fo

start and stop for each data bit of information recorded,

Each record or information chamnel includes a pair of
buifer siorage reglsters,
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In the typical embodiment of the present invention de-
signed for an incoming data rate of up to 1000 bits per
second per channel and using an electrostatic digital tape
drive having a start-stop-reverse time of, for example, 5
milliseconds, each of such two buffers in each data chan-
nel may have a storage capability of 40 bits. The tape
speed generated by the digital tape drive system in the
record and playback modes or functions may then be
chosen with reference to incoming data clock rate to

provide a high data bit packing density of, for example,
556 bits per inch on the recording tape. To obtain the
greatest possible data storage for a given Iength of tape,
the present invention has as one of its features the provi-
sion of means whereby a combination of reproduce and
recording operations ate performed during the record
mode using a2 magnetic tape head which has record and
reproduce windings on the same gapped core for ace
complishing either reading or writing at the same location.

The sequence of operations during the record mode
involves generally the use of the above mentioned two
buffer storage sections, one of which stores the incoming
data at the incoming data clock rate until it is filled at
which time, in response 10 the clock pulses counted by a
counter, the incoming data is switched over for reception
to the other buffer storage section of the same data chan-
nel. Substantially simultaneosly a programmer within the
recorder begins a sequence of commands which transfers

-the information from the filled buffer storage onto the tape.

When such one buffer storage section is emptied, the tape

drive is given a stop command, and the clock track record

head current is locked in the state it went to when re-

cording the 40th data bits. The clock track on tape is

thereby erased as the tape comes to a2 stop. The tape

direction is reversed, the record function stops, and the

clock track is sensed by the playback .electronics. When
the clock signal is semsed, the recorder is given a stop

command and the tape is stopped with the head resting

neat the center of the 40 bit block of data just recorded.

When the other bufler storage section fills, the tape starts

forward again, and the process is repeated. When the

tape thus starts forward, the blank space in the clock
track is again detected, and in accordance therewith, the
data in such other buﬂfer storage section is docked out-and
recorded on the tape. -

This provision of reverswg the tape movement after
each buffer storage section has its data recorded on the
tape resuits in efficient use of the tape since then only a
very small gap exists between “blocks” of recorded data,
the blocks ti_:'emsel'ves being,characterized by a high bit
packing density, since the data is clocked at a high rate
without tape stoppage between adjacent recorded bits in
the same block.

The present invention also has. as one of ils features
that during playback for transferring the recorded data fo,
for cxamplc a paper tape, punched card converter, mag.
netic tape converter, or 16 a different magnetic taps, the

“output rate of such transfer may be selected by the op-
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eraior by adjusiment of an oscillator which determines
essentially the clock rate at which data is sp transferred.
The sequence of operations during such playback mozde.
involves generally the foliowing. The tape is moved fors
ward at. substanticily constant speed and a block of data
is. transferred from the tape {0 one of the previously men- -
tioned buffer storage sections, the same being clecked’
therein using the clock &msk prevmusly récorded on the
tape, As the clock-track is read by its reproduce lead,
the programmer logic senses ibe blunk space at the end of
the data block, referred to herein as a “Block-mark” angd
commadids the recorder-to stop, During the stop interval,
the hend will travel into the next data block, The recorder
widl be given a reverse command and the “block-mnrk”
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is semsed again, which commands the recorder to stop.
The recorder now stops with the head resting near the
center of the block of data just read out. In the meantime,
the other buffer storage section is having its stored data
clocked ount by an aéjustab}e oscillator “which may be set
at a clock rate appropriate for the particular readout de-
vice being driven. -

Thus, by providing a pair of buffer storage sections and
control logic together with a digital fape drive system
having this feature of auiomatic tape reversal, the ef-
fective “incremental” operation up to the equxval nt of
1000 start-stops per second or more may be achieved.
Actual 1ape starts and stops are on the order of 25 per
second when dual forty-bit storage elements on each data
track are employed and the incomning data rate is 1000
bits per second. .

The arrangement is thus particularly useful in applica-
tions involving, for example, a2 magnetic tape to paper
tape or punched card converters, punched card or paper
tape to magnetic tape converters, and generally whenever
inpnt data is to be stored efficiently and conversely when
stored data is to be played back to an output device re-
quiring a specific data rate to operate satisfactorily, The

present arrangement is believed also to be well suited

to integration with comgpaters because of the much denser
data storage accomplished by the unit as compared with
conventional data recorders. It is also possible for com-

puters to be programmed to prepare output tapes having -

a very high packing density which can then be used to
drive lower speed print-out devices, and this would enable
more efficient use of the compuier time since ordinarily
much computer time is lost, waiting for the input-output
devices to divulge or accept information.

¥t is therefore a general object of the present invention
to provide improved means and techniques for ovefcom-
ing the disadvantages and limitations in the prior art ar-
rangements discussed above, and further, to achieve the
new functions and results also indicated above.

A specific object of the present invention is to provide
an improved arrangement of this character capable of
storing digital data in a high depsity format and sub
stantially independént of the incoming data rate.

Another specific object of the present invention is to
provide an improved arrangement of this character where-
in data recorded in a high demsity format may be re-
produced at an output rate seleciable over a wide range
of rates by the user.

Another specific object of the present invention is to
. provide an improved arrangement of this character fea-
tured by the fact that data is recorded in. blocks with
only a small space between such recorded blocks.

_Anopther specific object of the present invention is to

provide an improved arrangement of this character where-
ina recordmg of a clock signal is used to cantfol tape
movement.
. Another specific object of the present m-remmn is to
. provide an improved arrangement 3s- set forth in the
‘preceding paranraph in which a blank space. in the clock
signal recording is used to effect either ipitiation of a
recording operation or a reproduce operation, or in gen-
eral to stop movement of the tape.

Another specific object of the present mvemmn is to
provide an improved arrangement of this character fi fea-
tured. by the fact that blocks of information' are -se-
quennaﬂy tecorded and that after a block of informa-
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by reference to the fc.lowmg descnpﬁon taken in con-
nection with the accompanying drawings, in which:

FIGURE 1 illustraies a system emboaymg featares
of the present invention.

Description of circuitry

The circuit as illustrated includes ten smgle pole, double
throw switches SI-S16, inclusive, which in some forms.
of the invention may be the switches of relays or in other
forms of the invention may be solid state switching efe-
ments with in each case the switches being operated in
accordance with signals developed in the master cop-
trol-unpit 7.

As illustrated, these switches S1-S18 are each in one
of their two possible conditions wherein in each data

channe] (orly data channel 1 being specxﬁcal]y illustrated -

to avoid redundancy) an “A” storage unit is receptive for
filling with incoming data, and 3 compaznion “B” storage
unit in the same channel is conditioned for recording data
previously stored therein. :

For convenience of exp}anatlon the switches 51510
are each designated as having 2 pair of stafionary con-
tacts X and Y, and the movable switch arm cooperating .
with such contacts are designated by the same character
which designates the particular switch. Thus, for ‘ex-
ample, S1 is used to designate the entire swiich 28 we‘n as
the movable arm thereof.

The system has its input circuit connected to a source .

"9 of data and clock signals, The general nature of these

signals is shown at 33 aund 14, respeciively, and is corre-
spondingly applied to the input circuit of amplifiers 15

- and 16 in clock channel 17 and daia channel 1, respec- -
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tion is recorded, the tape has its direction of movement .’

automatically reversed and then stopped, in accordance
with information in a recording of a clock signal used in
effecting the recording.

The features of the present invention which are belmved
to be novel ure set forth with particolarity in the ap-
pended claims, This invention itself, both as to jts argani-
zation, and manner of operation, together with furiher
objects and advantages thereof, may b best understood
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tively, the output circuits of these amplifiers being con-
nected respeciively to the X contact of switch S1 and the-
Y contact of switch S5. The Y contact of switch S1 is

connected to. the output circuit of a variable frequency -

clock source 23 used during 2 playback function. The X
contact of switch S5 is ccunected to the input circoit of a
playback amplifier 22 having its ontput circuit conmected
to a playback winding 24 on an azr—gapped core 26 of a
combined record-reproduce head 28.

The movable arm of switch 81 is connected to a wire
23 which is connected to: the X contact of switch 52; the
Y contact of switch 53; and the input circuit of a counter-
circuit 25 which, as described herein, functions to per-
form a control operation after it receives a predetermined
number of pulses comprising the clock signal 13,

The interconnected X and Y contacts of switches S2
and 83, respectively, are connected to a wire 27 con-
nected to: the movable contact of switch 84 having its
stationary contact X connected to 2 fixed frequency clock
source 29; the input circuit of a counter 31 for perfqrm-
ing a control operation described herein after its recep-
tion of 2 prede&ermmed nnmber of pulses; and the inpot
circuit of a clock signal record amplifier 33 having its
output circuit connecied to a center tapped recording
winding 35 on an air-gapped core 37 of a combined rec-
oxsd—rspmduce head 39, the center tap of winding 35 be-
ing conpected to a wire 81 which is copnected to an ON-
OFF control cirgnit 43 for rendering the recording head
ineffective under certain conditions.

A reproduce winding 47 on core 37 is connhected to the
input circuit of a playback ampiifier 51 illustrated as -
having its output circuit connected to » skew delay net- - -
work 53, the output of such network being connected to:
the s;atmaary contact of switch 84; and the master control
wvnit

Explaining further the illustrated circvitry of data
channel % which is represcmatwe also of other duta
channels, for example, comprising a total of six in num-
ber, the movable arms of switches S8 and S§ are inter-
connected with the stationary contacts X and Y of switch
86 being connected respectively to the stationary contact
X of awitch 87 aad the stntionary contact X of switch
S8, Coninct X of switch 87 Is interconnected with con-
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- tact Y of switch S8, these two contacts being grounded.

The movable contacts of switches 87 and 58 are con-
nected respectively to an mpuz cirenit of a com:spondmg
one of the “A” storage unit 32 and “B” storage uoit 34,
sespectively, A second input terminal of storage uaits 32
and 34 is connected respectively to the corresponding
movable arm of switches S2 and 83 via 2 corresponding
wire 36 and 38 which wires sre connected to like data
channels, as indicated by the drtows at the lower ends of
wires 36 and 38.

The output circuit of “A” and “B” storage units 32 and
34 is connected respectively to the Y and X contacts of
switch 89 having its movable arms connected to the mov-
able arm of switch S20. Switch $10 has its stationary con-
tact X connecied to the input circnit of amplifier 38 hav-
ing an output terminal 40 on which appear data signals
of the charatcer illustrated at 42 during the playback
function, the other contact Y of switch 510 being con-
pected to
ing its output circuoit connected to a center tapped. wind-
ing 48 on core 26, the center tap of winding 48 being
connected to the previously mentioned wire 41 which like-
wise is connected to }ike center taps on a record winding
in each of the other data channels, as indicated by the
arrow at the Jower end of wire 41.

Description of record mode or function

While the record mode is described specifically under
this heading, the following Switch Position Chait may
facilitate an uvnderstanding of the operation described
hereunder as well as the operation during the playback
mode or function described under the next heading.

SWITCH POSITION CHART

Condition......... L o S1 52 53 S4 S5 86 S7 58 89 Si0

Record Mode:
A’ Storage Fills ... IX
“B” Storage Emptys.... §
“A" Storage Emptys.... }X
““B" Storage Fills. ...

Playback Mode:

A" Storage Fills........

*B'" Storage Emptys.-..
“A" Storage Emptys....
“B* Storage Flis.___...

XXX YXYYX
YYXYYXXY

v
Y
-
5

}YYYYXLYY.’X
}YXXYXYXXY

In explanation of the above- chart, the various X and
Y designations correspond to those contacts engaged by
the movable arm of the related switches designated in like
manner by Si~518 under the various conditions set forth
therein.

In the record mode spec:ﬁcaliy exemplified in the draw-

_ings, the following description begins with the assump-

el

tion that initially no data is storeéd in either one of the
two “A” and “B” storage units 32, 34.

It will be demonstrated that first the “A” storage unit
is filled with information after which such information
is recorded; and while such information is being recorded,

10

the inpuot eircuit of a record amplifier 46 hav- .

8

During the time that information is being thus trans-
ferred from the B storage unit for recording purposes at
a high rate, the A storage unit is refilling itself with new
information at' a lower rate, as indicated in the zbove
chart and now described in detail under the specific con-
dition illustrated.

In the recording condition illustrated, “A” storage nmit
32 has its terminal 32A connected to receive clock pulses
13 through a circuit which includes switches 52, 81 and
amplifier 51 and its terminal 32B connected to receive
data information through a circuit which includes switches
§7, 86, S5 and amplifier 16, Information is thus stored in
“A” storage 32 in accordance with an “and™ condition,
i.e., in accordance with presence simulianeously of both
a clock and a data pulse to establish either a 0 or'a 1 in-
formation bit, depending upon the absence or presence
of a data pulse at the time of ozcurrence of 2 clock pulse,
The clock palses are applied also through switch S1 and
wire 23 to an input counter 25 which counts the number
of such clock pulses, and when 2 predetermined nomber
has been so counted, for example, 40 in number corre-

" sponding to 40 bits of information, the counter 25 func-
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the other companion’ stm-age unit “B” is accepting and

storing information which is subsequent!y recorded dur-
ing that time when the “A” storage unit is accepting and

storing data under the condition shown in FIG. 1. The.

“A” and “B” units thus alternately transfer information
stored therein to a recording tape 61, with such informa.
tion stored therein to a recarding tape 61, with such in-

-formatién appearing thereon in the form of a recording

in the channel designated thereon as DATA 3, such re-
cording being produced by the recording head 28, as in-
dicated by the dashed line 63, Also recorded on tape 61
at the same time is clock signal data in the form of a
gecording in the channel designated “CLOCK TRACK
6,” such recording being produced by the recording hcad
52, as indicated by the dashed line 68, - .

Dats iz also simultaneously recorded in the other data
channels, designnted a5 DATA 2, 3, 4, 3 and 7, msing

80
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tions to develop z signal applied, for example, 1o ener-
gize relay coils for switches §2, 83, S6, S7, S8 and $9
to change each of their condxtxons shown to its other con-
dition.

In this changed cmadmon actomplished for emptying
“A” storage urit of its previously stored information and
to record such information in the process of emptying,
the switches 82, S3, $6, S7, 58 and S9, all mentioned in
the previous paragraph, now perform different functions.
Switch 82 now applies clock pulses of a higher rate to.
terminal 32A from source 29 through a cu'cmt which in-
cludes switch 54 (unaltered from its previous condition},
wire 27, and switch S2 in its altered condition; switch 83
in its now altered condition connects clock terminal 34A
of the other storzge unit 34 to clock source # via wire 23
and swiich 81 which remains in its unaltered condition
for again supplying the next series of pulses from source
9 to counter 25; switches S6 and S8 in their altered posi-
tions now condition the B storage unit 34 for recepfion
of data pulses from source ¢ through a circuit which in-
cludes switches 85, $6 and 88; switch 87 in its altered -
condition grounds terminal 328 so that the clock signals

. pow applied to terminal 32A from séurce 29 result in the

seguential transfer of stored information to the recording
head 28 via a circnit that includes: switch 89 in its altered
condition, switch 818, the record amplifier and record
winding 48. A block of data corresponding to 40 bits of
information are thus recorded in DATA 1 channel; and
also clock signals are simultanecusly recorded in Clock
Track 6, these clock signals corresponding to the system
clock signals which are apphed from sounrce 29 via switch
54 (unaltered from its previous condition), and record

. amplifier 33 to record wmdmg 35 on head 39, This re-

cording of a block of data signals and corresponding
clock signais occurs at a rate higher than the rate at which
data is stored in storage unit 34.

©f course, during the time that such recording is taking
place, the magneuc tape 61 is moving forwardly and the
common lead 41 is so connected as to render the heads
%8 and 39 effective for accomplishing this recording. For
these two latter purposes, the master control unit 7 func-
tions 1o issue a forward command signal to the tape drive
means 65 via lead 67 and also issues a signal via lead

. 69 10 a “Record Heads OM-OFF" control 71 which, for -

70

channels indicaied with and co:mected i channel 1 as -

previously indlcateﬂ

5

example, may be in the form of a relay which when ener.
gized causes the lead 41 to be connected to minus.§ volis,
to render thé recording heads effective. :
After-a block of data dnd: accompanying cleck signals
are thus recorded, the master conirol unit 7 issues n
stop command via lead 75 to the tape drive meuns 65 to
siop tape movement, and also issues a signal io the Jead
62 1o inhubit record current in windings 35 and 48 from
changing. After the 1ape movement is thus stopped and
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the recording heads are disabled, the master control unit
7 issues a tape reverse command via lead 77 to the tape
drive means 65 to cause the tape to .move in a reverse
direction after which it is automatically stopped, with the
previously recorded portion of the tape now being posi-
tioned adjacent to the heads 26 and 39.

For this latter purpose, in this composite recording
operation wherein saccessive blocks of data are recorded,
the clock signals are recorded in blocks having 2 length,
as indicated, of 40 bits (corresponding to the individual
storage capacity of each unit 32, 34), with a 4 bit spacing

therebetween, such latter 4 bit spacing being designated

- as a block marker 83 and which is used for controlling the
operation of the tape drive means 65.

Thus, when the tape is-being moved in its reverse direc-

tion by means 68 operatively copnected thereto as indi-

15

cated by the dashed line 79, the presence of the previously

recorded clock signals are detected by reproduce winding

47 on head 39 to produce a.signal in accordance with .

the block marker 83 which is applied throngh amplifier 51
and delay network 53 to the master conirol unit 7 for
issuing a stop command signal via lead 75 to the tape
drive means 65 to thereby automatically position a previ-

ously recorded portion of the tape adjacent to the heads,

26 and 39.

In other words, after a recurdmg of each biock of data
(40 bits), the tape movement is stopped, reversed and
then stopped again. The first tape movement stopping
function is accomplished using counted 29 which counts
the system clock signals and prodiuces a stop signal via
lead 67 to means 65 and also a reverse signal via lead

25

30

-77. The second tape movement stopping function is ac-

complished in accordance with a signal developed on lead
85 when, in the reverse movement of the tape, the clock
recording is detected by head 39.

Since the tape is stoppad with a previous recording ad-
jacent the recording heads, the control logic is such that
a subsequent recording is made only after the tape in its
subsequent forward movement travels 2 predetermined
distance. This distance is established in accordance with
a signal developed on lead 85 as a result of detection of
a bleck marker &3 after which the recording windings 35
and 48 are rendered effective, and the output of A storage
unit 32 ¢ B storage unit 34, as the case may be, to-
gether with the system clock signals are applied to these
windings 48 and 35, respectively.

Description. of playback mode or function

In playback, the varioss switches in FIG. 1 are con-
sidered gs indicated in the above chart.

The record plavback swiiches 51, §4, 85 and S10 are
now in their playback position and may be so condi-
tioned by enmergizing a coil of a relay having these
switches. It will be seen from the above chart that there
is an ahernate filling and empt)mg of the storage units
during the playback function as is also the case in the
above described record mode. It will be understood that
during the playback mode the record windings 47 and
48 are rendered ineffective as a result of the “Record
Heads ON-OFF” control 43 being in its OFF condition
80 that érasure of the tape is prevented.

At the beginning of a playback cycle, preparatory to
the reproduction of a block of data at terminal 40 and
the corresponding reprodoction of a block of clock sig-
nals at terminal 59, the reproduce heads 28 and 39 are

adjacent to the stationary tape, and more particolarly -

adjacent to a block of data immediately preceding that
block of data reproduced in the next cycle of operations,
In this condition, it will also be sssumed for the follow-
ing description that the B storage unit 34 is in a filted
conditiun and the circvitry is conditioned to fill the empty
A storage unit 32 In this latter condition, as indicated
by the nbove chart: switch arm 52 engages its 'Y contact;
83 engages itz 'Y contact; SE engages its X contact; 87
engages §1s Y contact: S8 engages ils Y contact and §9-

35

49

45

50

55
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engages its X contact. As a result of prior emptying
of storage unit A, the input counter 25 develops a control
signal which commands the tape to move forwardly at a
constant speed and 2 block of data is transferred from the
tape to the A storage unit 32, the same being suitably
clocked into unit 32 in accordance with information on
the Ciock Track 6. Transfer of such data is prevented
until the marker block on the tape is sensed in which
latter case a data transfer circuit is enabled using 2 puise
derived- at head 39 from the block marker on the clock

“track.

In this transfer of data from the tape to storage unit
32, the data puises detectad by reproduce winding 24
after amplification in amplifier 22 are applied through
switches S5, 6 and S7 t0 storage unit terminal 32A; and
clock signals -detected by r°produce winding 35 after am-
pliﬁcagion in amplifier 33 are applied through switch 52
to the other storage unit terminal 32B to thereby achieve
a storage of this information in unit 32. The clock sipnals
thus transferred are counted in the output counter 29
which, after counting 40 such clock pulses, issues a tape
reverse command to the tape driving system. Due to
inertia and other effects, the tape does not reverse in-
stantaneously, but travels a distance comparable to at
least a four bit spacing on the tape corresponding to the
distance of the block marker. In the following reverse
movement of the tape, the reproduce winding 35 detects
this block mearker, produces a pulse in accordance there- .
with, and such pulse, after amplification in amplifier 81,
is applied throngh skew delay network 83 and lead 85
as a stop command signal to the tape driving system
whereupon the tape movement is stopped with the repro-
duce windings being adjacent to a recording of the data
which had just been transferred to unit 32,

During the transfer of this data to unit A, i.e. during
its filling, the B storage uvnit 34 is emptied as follows. In- -
this condition, one storage unit terminal 34B is grounded
and clock signals from variable frequency clock source
21 are applied to the other terminal 34A through switches
51 and 83; and also clock signals are applied to input
counter 25 which issues a start command to the tape driv-
ing system after it counts 40 clock pulses. As the informa-
tion is clocked out of unit 34 by clock source 21, the out-
put of unit 34 is opplied to output terminal 4¢ throngh a
circuit which includes switch 89, switch §18 and amplifier
38; signals generated by the input-counter and amplified
in amplifier 55 appear on output termiinal 59, The fre-
quency of the clock source 21 may be adjusted or varied
automatically.

After the A storage unit is thus filled, it is emptied
and B storage unit is filled, these umnits being switched for
this purpose in accordance with the output signal devel-
oped by input counter 25 after it counts 40 pulses. In
this switched condition, as indicated by the above chart:
the switch arm 82 engages its contact X; 83 engages its
contact X; 56 engages its contact Y; S7 engages #s con-
tact X; 58 engages its ccmaci X; and 82 engages its con-

tact Y,

In this latter case the information previously recorded
in unit A now appears at output terminal 46 at a rate
dependent upon the frequency of source 21 and clock
signals developed by the playback variable frequency clock
and the input counfer appear at output terminal 59,

It will be appreciated that the art is familiar with vari-
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of this character where the tape is advanced on & con-
tro} signal, is stopped on a control signal and, also in
some instances. a control signal is used to stop forward
movement ang to automatically cause the tape to then
reverse s prior dzrcct:oa of movement with the tape being
thereafter stopped in response to another control sienal
and for that reason such meuns need not hc described in
detail herein,

In this instance 'a pulse counter is used o coniro} ﬁm
tape transport mechanism snd such counter may he of



3,369,223

S
many dxﬁereni types. For esample, an eight flip Sop
counter may be used capable of counting from zero t0
31 inclusive. Such counter, when used, initiates commands
to the tape transport in proper seguence and stops count-
ing on even pumbers until such time as commands previ-
onsly issued have been acted ppon. Commands are issued
on odd pumbers. For example, after giving a command
to move tape in the forward command, the counter will
wait on an even number until it receives a signal from

" the transport that tape is moving in the forward direction..

Such counter may also funttion such that substantially
‘the same commands are given to the tape transport in
both record and piayback modes of operation to thereby.
~reduce the cost and improve the reliability of the system.
While the particular embodiments of the present inven-
tion have been shown and described, it will be obvious
to those skilled in the art that changes and modifications
may be made without departing from the invention in its
broader aspects and, therefore, the- aim in the appended
claims is to cover all such changes and modifications as
fall within the troe spirit and scope of this invention.
‘We claim:
. 1. In a data handiing and recording system ‘of the
character described, a first data storage means; a second
data storage means; a first source of clock sngnaIS' 2 sec~
ond source of clock signals; transducer means associated
with a recording medium; control means for moving said
recording medium forwardly, for stopping movement of
said recording mediam and for reversing the direction of
. movement of said recording medium with respect to said
transducer means; first clock signal counting means for
developing 2 first signal in accordance with the number
of signals from said first source; second clock signal count-
ing means f¢o producing a second signal in accordance
with & number of pulses from said second clock signal
source; connecting means, in a first condition thereof,
being effective to connect szid first source of clock signals.
to said first data storage meuns and also to connect said
second source of clock signals to said second storage
means; said connecting means, in a second condition there-
of, being effective to connect said first source of ¢lock
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signals to szid second storage means and zlso to connect

said second souree of clock signals to said first storage
means; said connecting mezns being changed from said
first condition to said second condition in accordance with
said first signal; forward movement of said recording me-
dium being initiated in accordance with said first signal
effecting operation of szid control means; said forward
movement of said medium being stopped and reversed in
accordance with said second signal effecting operation of
said control means; said transducer cooperating with a
recording of clock signals on said medium for developing
a third signal; said reverse movement of said medium be-
"ing stopped in accerdance with said third sxgual effecting
operation of said control means.

2. A data handling and recording system as set forth in
claim 4, in which said first source of clock signals is an
exiernal source associated with an external source of data

“signals which are applied contemporaneously to said first
data storage means in said first condition of said connect-
ing means and which are apphcd contemporaneously to
said second storage means in said second condition of said
connecting means.

3. A data handling and recording system as set forth
in claim 1 in which one of said sources of clock signals
are signals prerecorded on said recording medium and are
effective to develop said third signal, .

4. In a data handling and recording system of the.
character described, a source of data sxgnalar a first source
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of data clock signals; first mformauon storage means;
second information storage means; recording means; con-
necting means, operative in a first condition, to connect
said first storage means to said first source of clock sig-
nals and to said data signals to store information in said
first storage means; said connecting means, in said first
condition, being also operative to connect said second
storage means to said recording means for the transfer
of data from said second storage means to said record-
ing means; 2 second source of clock signals connected to
said second storage means in said first condition of said
connecting means for effecting transfer of data from said
storage means to said recording means; said recording
means being effective to record clock signals from said
secend clock seurce in said first condition of said con-
neiting mear. whereby said recording means' produces
a recording of data signals from said second siorage
means and also clock s:gnals from said second spurce;
szid connecting means, in-a second condition thereof,
being effective to connect said second étorage means to'
said data source and said first clock source; said con-
necting means, in-said second condition, being effective
also to connect said second source of clock signals to
said first storage means and to transfer data previopsly
recorded in sa;d first storage means together with clock
signals from said second clock source to said recording
means to produce a recording of said previously recorded
data-in said first storage means togetber with clock sig-
nals from said second clock source.

5. A data handling and recording system as set forth in
claim 4 in which ccunmg means are incorporated for
changing said connecting means from said first condition

"to said second condition in respomse to the number of

clock signals from said first clock signal source.
6. A data handling and recording sysiem as set forth

_in claim § in which said recording means incorporates a

recording medium and also means for moving said me-
dium in a forward direction, for stopping movement of
said medium and for reversing the direction of movement
of said medium; a second clock signal counting means;
forward movement of szid medium being initiated in re-
sponse to the number of clock signals counted by said
first counting means; the movement of said medium being
stopped and reversed in response to the number of clock
pulses from said second clock source and counted by said
second clock signal counting means; said recording means
incorporating tramsducer means for developing a signal
ir accordance with previously recorded clock signals';
said reverse movement of said medium being stopped in
accordance with said signal developed by saui transducer
means.

7. A data handling and recording system as set forth in
claim 6 in which said transducer means inccrporates a
single structure for recording and reproducing clock sig-
nals on and from said medium.
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