AINHOLLY

7Y

o
e
M
o
)
ST
o O
- -
EZ
s O
T 3
P X

SQURCE 10
OF CLOCK 12

PULSE
SIGNALS

CLOCK
PULSE
SHAPER

170
172 | 176 - 182

ERROR
—JCORRECTO

¢ 9Old Ol-

DIRECTION
CONTROL
MEANS

INPUT MEANS-. ~ - - _ o
_ _ e — i _ L
= 154 156, 158 162 |
h‘] LfNE ’ COUNT
= LINE | - TRANSITION] 1 PERIOD |° ‘
g SIGNALS DETECTOR S MEANS R, crnp } ;
3 ! 7 —
—_— e ——— — —_— e ——

T96T ‘62 UOIBN DPOTTJ

T 109US-8100YS ¥

YALJVAY SNONONHONAS
VL3 IMSMONIOHD T '3

- $961 ‘1 ‘1dog

ShELYIE



3,147,342

Sept. 1, 1964

E. J. CHOJNOWSKI ETAL

SYNCHRONOUS ADAPTER

[ = ™
O | O6i
)
SNV3IN_ ¢6l |
1353477} | g
gy
ag-~ 1353 A "\ 13534

o
4
Q
D
P
T
2,
o+
)
D
P
N
4 L 0 sk TR 0 SN kel SR
|
|
y obl
| 86 8¢l
| SNY3N
| ul 0¥1INOD
~ | NOILO3INMIA B
_ ool HONu3
_“ oS¢l
_
|
|
|
r—
O
»
- r=~4
R _ STYNDIS
B 35S 1INd 3I80Hd
[
|
=3
=t
o
D
—
-
'

INVENTORS.
E.J CHOUNOWSKI

R.J. Woopwarp

L FROM FIG.1

ATTORNEY



Sept. 1,1964 £, cHoJNowski ETAL 3,147,342
. SYNCHRONOUS ADAPTER ' o
Filed March 29, 1961 B - - 4 Sheets-Sheet 3

FIG.3

+ | 3 - : { |
COUNT .| . | ' - | |
INDICATED S N\ ) I l
BY ERROR O | _ , . |
DETECTOR | AN | N |
MEANS 64 : | | , | |
- P | P P |
" | Y | v
STAGE 26
S. TERMINAL __
| | | | ' I | |
_ A1 A
STAGE 24
S. TERMINAL |
| { | l | | , I | | ! I |
| | I | l I | | f
STAGE 26 | b | |
R. TERMINAL . | o I . )
' ' I B L |
_ - B IS NN R ISEOY ORI S R |
- STAGE 24 |} 1 1 |
R. TERMINAL I B Y R . _ |
I TR T e N e T e N S EE T
COUNT K N I D S NNt AT (U T DR T
DIRECTION  rt&) | mt=) |- Fi&} | Rty | rt9) - R=) Fld)
CONTROL  COUNT COUNT |- COUNT 1 COUNT |  COUNT COUNT COUNT
MEANS ’ 'PEBIGD i QEBIOD PERIOD 'PE_RI_QD'_ - PERIQD PER'IDD - - PERIOD
S. TERMINAL I e S T R B B
. - ' e -~
RECEIVED | ;. o |
LINE SIGNAL | B |
| l ] | | | | . I |
COUNT N _

PERIOD MEANS | | ' 1 fNe l | |
S. TERMINAL te = - | - ]
- | | | | | |
Sy | ~ I o

ADVANCE ADV.

CONTROL RETARD -l |c | .vl | ] | | |

MEANS 0 RETARD | | -
S. TERMINAL - N |- o ' I l
o | |
| B |
H | | |

- 4 I | ! | i . | l

A B € D E F 6 H I J K L M

| TIME——» | .
INVENTORS.
) E.J CHouNOWSKI
BY - R.J. Woobwarp

 ATTORNEY



Sept. 1, 1964 E. 4 cHOJNOWSKI ETAL 3,147,342
' ' - SYNCHRONOUS ADAPTER

Filed March 29, 1961 | 4 Sheets-Sheet 4

FIG.4

210 2l2ﬁ\ —6V /246 . 244
~18V ' —— ' , -8V
4 |
N N g
CBRAMNAL TERMINAL
264 o
4 238
240
/ . 15
. ' 262 | 234
202 T - . 236
- 27_8 _
BV /218 - f 252\ +HIEY
_ _ o 250
-8V - ‘ — ' -8V
- 222 ] 226, _258 J_-256 '
220~ ), 22~ — | 254

" SET INPUT - CLOCK  RESET INPUT
TERMINAL PULSE TERMINAL

T p " p'
o F ‘V 1 1. F l i F L |
| | |
N ! | _
- - oot 0 * CORRECTION
400 ' - i | _
12 | | -
: i

V | .

BIAS | 0=CORRECTION BUT FIRST COUNT

so0 STORTION | 3F |2R ! INDICATER IR CORRECTION

— ]

PHASE ¢ BIAS . _
1 2FsCORRECTION BUT FIRST COUNT

600 ol aF 2R ~ INDICATER O CORRECTION

| l-l-——r—: | |
| | | ‘ . INVENTORS.
- E. J. CHOuNOWSK!
BY R.J. WoopwarD
El Hoa

ATTORNEY



United States Patent Office

1

3,147,342
SYNCHRONOUS ADAPTER
Fdward J. Chojnowski, Valley Stream, N.Y., and Robert
J. Woodward, E"emmuﬁs, N.J., assignors fo The Western
Union 'Eeleempﬁ Company, New York, N.Y., a corpo-

ration of New York
Filed Mar. 29, 1961, Ser. Neo. 99,164
19 Clzims. (CI 178—23)

This invention relates to a synchronous adapter and
more particularly to a device which generates a piobe
pulse signal synchronized to indicate the occurrence of a
received intelligence bearing pulse signal.

Frequently, intelligence is transmitfed from one station
to another by means of a signal capable of assuming a
selected first or a second desired state. For example, in
one commonly used procedure a first state or condition is
represented by a negative potential and is referred to as a
spacing pulse, and a second state or condition is repre-
sented by a ground potential and is referred to as a mark-
ing pulse. The arrangement of the pulse spacing and
marking signals determine the contents of the message
transmitted.

In systems which utilize signals having two states or
conditions the operation of the receiving equipment
be synchronized with the intelligence signals being re-
cetved. Synchronization can be accomplished easily by
means of indexing signals which are transmdtted along
with the infelligence signals. Unfortunately, however, in
most systems the transmission of indexing signals is ob-
jectionable and other means must be provided to syn-
chronize the operation of the receiving equipment to the
inteliigence bearing line signals.

The structure of this invention examines and utilizes
the i1ntelligence bearing line signals to generate probe
pulse signals which are used to synchronize the opera-
tion of the receiving equipment to the received line
signal. The generated probe signals must be aligned with
the midpoint of each incoming line signal if reliable oper-
ation is to be obtained. However, the position of the
generated probe pulse signal must be examined continu-
ously and controlled automatically to compensate for
changes in the time position of the line signals which are
caused by phase distortion; and to also compensate for
variation in the time duration of the received line signals
caused by bias distoriton. 'The complexity of the solu-
tion of this problem becomes even more apparent when
it is realized that each form of distortion can appear
either alone or in combination and each in varying
degrees.

It is an object of this invention to provide a device
which can generate probe pulse signals to index received
line signais.

1t is also an object of this invention to provide a device
which can generate a probe pulse signal which can be
controlled to compensate for changes in the time position
of the line signals caused by phase distortion.

It 1s another object of this invention to provide a device
which can generate a probe pulse signal which can be con-
trolled to compensate for changes in time duration of
the received line signals caused by bias distortion.

It is still another object of this invention to provide a
device which is reliable in operation and economical to
build.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the apparatus
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings wherein:

FIG. 1 1s a partial bleck diagram of structure in ac-
cordance with the principles of this invention;

FIG., 2 1s another partial block diagram of structure
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in accordance with the principles of this invention which,
when coupled to FIG. 1 as indicated, illustrates a com-
plete device;

FI1G. 3 1s a graph of wave forms present in the struc-
ture of this invention;

FIG. 4 is a wiring diagram: of the bistable or flip-flop
network used in the structure of this invention; and

FIG. 5 illustrates the effect of distortion on the line
signals.

Similar reference characters refer to similar parts
throughout the several views of the drawing.

Briefly, it is the function of this invention to generate
probe or indexing pulse signals which are aligned cen-
trally relative to received spacing and marking pulse
signals generated at a remote source. |

In this mvention a train of pulse signals from a source
of clock pulse signals are fed continuously to a first
counter. Fach instance that the counter is cycled a probe
pulse signal is generated and appears as a positive going
signal at the output terminal of the last stage. A second
counter which can be urged to count in either a forward
or a reverse direction is also coupled to count pulse
signals from the source of clock pulse signals. A count
direction control means coupled to the second counter
divides the count penod of the second counter into two
parts by first urging the second counter to count in
forward or positive manner, and then urging the secend
counter to count in a reverse or negative manner. Addi-
tionally, the second counter is first conditioned tc count
the pulse signals from the source of clock pulse signals at
the occurrence of a line signal transition (mark to space
or space to mark), and continues to count the pulse
signals until the occurrence of an mterna‘ly generated
probe pulse.

‘The accumulated count present on the second counter
at the termination of two successive count periods (one
full cycle) represents the error present between the time
occurrence of the probe pulse signal relative io the mid-
point of the received line signal, and it is this signal which
is fed to the first counter to advance or retard the occur-
rence of the proble pulse signal to synchronize it with
For example, the presence of a
signal which indicates a “negative” sum on the second
counter indicates that there was a short positive count
cycle and this information is used to retard the operation
of the first counter to delay the occurrence of the probe
pulses. A delay in the generation of the probe pulses will
shift them towards the center of the received line signais
and away from the initial signal transition. In a like
manner, if the signal on the second counter indicates a
“positive” sum, then the operation of the first counter is
accelerated to advance the occurrence of the probe pulse
relative to the received line signal to attain synchronism.

Reset means i1s provided to reset the second counter
after each of its cycles of operation to permit examination
of the next received line signal.

With reference to FIGS. 1 and 2 there is illustrated
structure in accordance with the principles of this inven-
tion. A source of clock pulse signals 190 is coupled to feed
pulse signals through a clock pulse shaper 12 to a correc-
tor means 28 which functions as a unidirectional binary
counter. The corrector means is composed of seven
stages 14, 16, 18, 20, 22, 24, and 26—each stage being a
bistable network commonly referred to as a flip-flop.
The structure and operation of the flip-flops will be de-
scribed in detail in another portion of this specification,
however, for the present it will be sufficient to state that
each flip-flop network supports a clock pulse input termi-
nal, a set input terminal, a reset input terminal, a set out-
put terminal and a reset output terminal,

The clock pulse terminal 3@ of flip-flop 14, and the
clock pulse terminal 32 of flip-flop 16 are each coupled
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to receive clock pulse signals from the shaper 12. The
set output terminal 34 of flip-flop 14 is coupled to in-
put terminal 36 of AND gate 38 which supports another
input terminal 40 and an output terminal 42. The reset
output terminal 44 of fiip-flop i4 is not utilized. The
output terminal 42 of AND gate 38 is coupled through
an OR gate 46 to the set 48 and reset 50 input terminals
of flip-flop 26. The set output terminal 52 of flip-flop
16 is coupled to the clock pulse terminal 54 of fiip-flop
18. The set input and reset input terminals of flip-flop
18 are left in an open state. In this manner there is pro-
vided a flip-flop which will operate each instant that a
signal is fed to its clock pulse terminal. 'This mode of
operation will become apparent after that portion of this
description which relates to the construction and opera-
tion of the bistable network utilized here 1s read and un-
derstood. The output set terminal 56 of flip-flop 18 is
coupled to feed a signal to the clock pulse terminal &8 of
the flip-flop 20. The electrical connections provided be-
tween the flip-flop 16 and the fiip-flop 18 are similar to
those connections provided between the remaining fiip-
flops of the corrector means and, thersfore, a recitation
of the actual connections is not here required.

The probe pulse signal, the signal that is synchronized
to the occurrence of the received line signals appears at
the set output terminal 68 oithe flip-fiop 26.

A count direction control means 62 which is capable
of assuming a first or a second state i1s energized by the
corrector means 28 and coupled to conirol the mode of
operation of an error detector means 64 which functions
as a bidirectional counter capable of operating in cither
a forward direction or a reverse direction.

The count direction control means 62 can be a flip-flop
similar to that disclosed in FIG. 4 and described in detail
further on in this description, and supports a clock pulse
input terminal 63, a set input ferminal 79, a reset mput
terminal 72, a set output terminal 74, and a reset output
terminal 76. The clock pulse input terminal 638 is coupled
to the reset output terminal of fiip-flop 24, set input termi-
nal 70 is coupled to the reset output terminal of flip-flop
26, and reset input terminal 72 is ccupled to the set output
terminal of flip-flop 26—that terminal on which the probe
pulse signals appear.

The set output terminal 74 is coupled to input terminal
76 of AND gate 80 to initiate operation cof the error
detector means $4 to its forward counting mode of opera-
tion; and reset oufput terminal 76 1s coupled to input
terminal 82 of AND gate 84 to initiate operation of the
error detector means &4 to its reverse counting mode of
operation. |

The error detector means 64 which functions as a bi-
directional counter supports seven stages of fiip-flops &6,
88, 00, 92, 94, 96 and 98—the last stage being an error
direction control means. Each stage can be a bistable
network which is similar to the flip-flop disclosed in FIG.
4 and described below. The set terminal 90 of stage 86
is coupled to feed a signal to input terminal 02 of AND
cate 80; and reset terminal 1&4 is coupled to feed a signal
to input terminal 166 of AND gate 84. | |

'The output terminal 168 of AND gate 8% is coupled to
feed a signal to an inpuf terminal 11§ of AND gate 112,
and also through an OR gate 114 to the set 116 and resct
118 input terminal of flip-flop 83. The output terminal
120 of AND gate 84 is coupled to feed a signal to0 an input

terminal 122 of AND gate 124, and also through CR gate
114 to the set 116 and reset 118 input terminals of flip-
flop 88. The set output terminal 126 of flip-flop 88 is
coupled to input terminal 128 of AND gate 1312, and the
reset output terminal I39% of flip-flop 83 is coupled to
input terminal 132 of AND gate 124. Continuing, the
connections to all succeeding stages $8, 92, 24, ©6 and 85
are similar to the connection to stage 88 just described
and, therefore, further description of the interstage con-
nections would only be repetitious and is not thought to
be necessary.
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In the error detector means €4 two buffer networks 132,
134 are nositioned between the stages 90 and 2. These
buffer networks compensate for undesired deterioration
of the signal being fed through the error detector means.

The st 130 and reset 233 input terminals of the last
stage of the error detector means are coupled to reczive
signals from stage 9¢ through the AND gates 140, 142
and the OR gate 44, |

The clock input terminal of cach stage &6, 83, 94, 92,
C4 06, and 25 are coupled to receive pulse signals from
the cicclc pulse chaper 32.

The reset output terminal 146 of stage 93 Is coupled
to feed a signal to an input terminal 148 of AIND gate
128 having an output terminal i5Z coupled to an mput
terminal of OR gate €0,

The line signails received and which contain toth spac-
ing and marking pulse signals are detected by and fed
through a buffer network £54 and a line transition defec-
tor 155 to the set input terminal 158 of a count period
means 15% which can be a bistable network similar to
the flip-flop disclosed in FIGG. 4 and described below.
The set cutput terminal 162 of the count pericd means
initiates or controls the count period duraticn and is cou-
pied to feed a sizgnal simulianeocusly to the set and reset
input terminals of stage 86, the input terminal I€4 of
AND gate 80, the input terminal 86 of AND gate 84,
and the input terminal 268 of AMD gate 17%. The out-
put terminea! of the buffer 154 is coupled to fzed a signal
to the other input terminal 172 of AND gate 173. The
cuiput terminal of AND gate 176 is coupled to feed a
signal to an error corrector means 174. The error cor-
recter means 174 can be a bistable network similar {o the
flin-fop disclosed in FIG. 4 and described below. In
that instance where the error corrector means is a bistable
network, the set input terminal 176 1s coupled to receive
sicnals from the cutput i{erminpal of AND gate 178 and
the reset input terminal is connected to receive clock pulse
signals from the clock pulse shaper £Z, |

‘The set output termunal 282 of the error corrector
means 174 is coupled to the mnput terminal 133 of AND
gate £5%; and the reset output terminal 183 of the error
corrector means 174 is coupled to fced the set 184 and
reset 186 input terminals of the stage 14.

The reset terminal 183 is also coupled through a reset
means 163 to the reset output terminal of each stage
&6, 88, 90, 92, 84, 96, and 28.

The reset means 188 supports a reset driver 190 and
an CR gate 192. |

Wiih reference to FIG. 4 there is illustrated in sche-
matic form a bistable network of the Eccles-Jordan type
of flip-flop network which can be utilized for each stage
4, 16, 18, 26, 22, 24, 26 of the corrector means; for
each stage 865, 82, €5, 62, 24, 44§, 28 of the error detector
means; for the error corrector means %74; for the count
direction control means 62; and for the count period
means 1G3,

A PNP type of transistor ZEE supports an emitter ter-
minal 222, a collector terminal 284, and a base terminal
234, The emiiter terminal 282 is connected to a ground
terminal and the collector terminal 2€4 is connected to
the set output terminal 298. A resistor 238 is interposed
between an eighteen volt source of negative potential and
the collector terminal 234; and a crystal diode 212 is
interposed belween a six volt source of negative poien-
tial and the collector terminal 2894, An eighteen volt
source of posifive potential is coupled through a resistor
Z2:4 to the base terminal Z66; and an eighteen volt source
of n2gative potenual is coupled through the series com-
bination of a resistor 2i% and a capacitor 218 to the base
terminal Z96. A set input terminal 228 is coupled
through a crystal diode 222 to the terminal common 10
the resistor 216 and the capacitor Z18. A clock pulse
terminal 2Z4 is coupled to the base terminal 206 of
fransistor 286 throuzh the series combination of crystal
dioges 225, 223 connected in series with the parallel




3,147,349

.

combination of a resistor 238 and a capacitor 232.

In a similar manner, a PNP type of transistor 234
supports an emitter terminal 236, a collector terminal
238, and a base terminal 248. The emitter terminal 236
is connected to a ground terminal and the collector ter-
minal 238 is connected to the reset output terminal 242,
A resistor 244 is interposed between an eighteen voit
source of negative potential and the collector terminal
238; and a crystal diode 246 is interposed between a six
volt source of negative potential and the collector ter-
minal 238. An eighteen volt source of positive potential
18 coupled through a resistor 248 to the base terminal
243; and an eighteen volt source of negative potential 1s
coupled through the series combination of a resisior 258
and a capacitor 252 to the base terminal 248. A reset
input terminal 254 is coupled through a crystal diode 254
to the terminal common to the resistor 25§ aund the

capacitor 252. The clock pulse terminal 224 is also

coupled to the base terminal 248 of transistor 234
through crystal dicdes 228, 260 connected in series with
each other and with the parallel combination of a resis-
tor 262 and a capacitor 264. The junction common to
the diocdes 226, 228 is connected to the junction common
fo the resistor 216 and capacitor 218; and the junction
common to the diodes 258, 26¢ is connected to the junc-
tion common to the resistor 25¢ and the capacitor 252.
The terminal common to the diode 26 and the parallel
combination of the resistor 262 and the capacitor 264 is
comnected to the set output terminal 208: and the ter-
minal common to the diode 228 and the parailel com-
bination of the resistor 230 and the capacitor 232 is con-
nected to the reset output terminal 242,

In operation, the bistable network disclosed in FIG. 4
and described above can be urged, by triggering signals,
to assume a desired one of three distinct modes of opera-
tion further identified as follows: (A) Self-steering;
(B) Self-steering with Inhibitor action; and (C) Exter-
nal steering. .

The first mode of operation, Self-steering is identical
to standard flip-flop operation wherein the mnetwork
switches alternately from its set state to its reset state in
response to successive clock pulse signals fed to the clock
pulse input terminal. Thus, it can be stated that succes-
sive 1nput clock pulse signals fed to the clock pulse mput
terminal are automatically “steered” alternately to the
set and reset transistors. In this mode of operation the
set mput terminal 22¢ and the reset input terminal 254
are each left unconnected to prevent the occurrence of
signals on these terminals from influencing the operation
of the network, |

In the second mode of operation, Self-steering with
inhibitor action the circuit fed by the set input terminal
228 and the circuit fed by the reset input terminal 254
are each employed as inhibitor gates. Application of
ground potential to set input terminal 226 and to reset in-
put terminal 254 blocks further activation of the network
by means of a clock pulse signal applied to terminal 224.
However, removal of the ground potential from either or
both of the input terminals 220, 254 condiiions the net-
work to permit the next appearing clock pulse signal to
activate or trigger the network. This mode of operation
utilizes inhibitor-gate action whereby detection of the
transition of one diode from a nonconductive to a conduc-
tive state can be selectively blocked by maintaining a
second diode coupled in parallel with the first diode in a
continuous state of conduction during the transition pericd
of the first diode.

Actually, this mode of operation can be considered to
be composed of two sub-modes of operation. The effect
of the presence of clock pulse signals on the clock pulse
terminal 224 can be controlled by the signals fed to the
set input terminal 228 and the reset input terminal 254 to
block completely or intermittently, or to permit the con-
iinuous operation of the network in either its set or reset

condition. Thus, briefly, self-steering action of the clo;:k
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pulse signals in this miode of operation is similar {0
that of the first mode of operation, however, the effect
of the presence of the clock pulse signals can be blocked
seiectively.

In the third mode of operation—External steering,
clock pulse signals are not employed. In this mode of
operation the clock pulse terminal 224 is left open—clock
pulse signals are not fed to it, and the network is driven
selectively fo either its set or reset state by the application
of a pulse signal to the appropriate set input terminal 226
or the reset input terminal 254. The network, after hav-
ing been driven to a selected state, will remain in that
state until a pulse signal is fed to the other input termi-
nal—however, successive pulse signals fed to the same
input terminal will have no effect on the condition of the
network or its output signals.

In operation, the second and third modes of operation
are essentially supplemental to the first mode of opera-
tion. Therefore, to simplify the explanation of the de-
tailed operation of the network of FIG. 4, the explana-
tion which follows will assume operation in the first mode.

Proceeding, with reference to FIG. 4, it shall be as-
sumed that the network is inifially in the reset state—tran-
sistor 2090 1s conductive, transistor 234 is nonconductive,
and a negative potential is present on the reset output ter-
minal 242. In the period between clock pulses, the clock
pulse input terminal 224 will be maintained at ground po-
tential and, since first mode operation has been assumed,
the set input terminal 228 and reset input terminal 234
will not have any effect on the network. During this pe-
riod the negative potential of six volts is fed through the
diode 246 and the resistor 244 to the negative potential
of eighteen volts (diode 246 thus being biased in the for-
ward direction) to feed a negative potential of six volts
to the reset output terminal 242 and to the collector
terminal 238 of the transistor 234, The negative poten-
tial of six volts which i1s present on the resef output fer-
minal 242 is also fed to the right hand side of resistor
230 located in the base circuit of transistor 208, and the
drop of potential present across the resistors 214 and
230 from the positive potential of eighieen volts to the
negative potential of six volts is sufficient to maintain the
base 286 of transistor 288 which is coupled to the junc-
tion common to the resistors 214 and 23§ slightly negative
to maintain transistor 26Q in a conductor state. When the
transistor 2080 is in a conductive state the grounded emitter
282 attempts to hold the collecter 264 and the set output
terminal 208 at ground potential and, therefore, ground
potential is applied to the left hand side of resistor 262
located in the base circuit of fransistor 234. However,
here the potential drop from the positive potential of
eighteen volts to ground potential across the resistors 243,
262 attempts to maintain the base 249 of transistor 234

‘which is coupled to the junction common to the resistors

262 and 248 slightly positive to maintain transistor 234
in a nonconductive state.

Proceeding with the examination of the network of
FIG. 4, during the interval between clock pulses it will
be observed that a ground potential fed to the clock pulse
terminal 224 will be applied to the source of eighteen
volt negative potential through the series combination of
the forward biased dicde 226 and resistor 216 coupled I
parallel with the series combination of the forward biased
diode 258 and resistor 258 to hold the lower terminals of
capacitors 218 and 252 and the cathode terminals of crys-
tal diodes 228 and 260 at ground potential. At this
instant the anode terminal of diode 228 will be at the same
negative potential as the reset output terminal 242, and
the anode terminal of diode 260 will be at the same’
potential (ground) as the set output terminal 208. At
this instant the diode 228 will be biased in the reverse
direction and wiil be nonconductive, and diode 26§ will
be coupled to ground potential at each of ifs terminals

and will pass a very small ground current through re-
sistor 250 to the source of neﬂatwe potential of eighteen
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volts. The upper terminal of capacitor 218 is counled to
the base terminal 286 of transistor 268 and wiill dispiay
a poiential which corresponds to the potential differential
between the base terminal 283 and ground. 'The upper
terminal of capaciior 252 is coupled to the base terminal
249 of transistor 234 and will display a potential which
corresponds to the potential differential between tiie base
teriminal 2405 and ground.

Now, upon the occurrence of a ciock puise signal a
negative poiential is fed to the clock pulse terminal 224
and applied through diode 223 and resisior 216 to the
source of necative potential of eighieen volts, and thae
potential on the lower terminal of capacitor Zi3 is re-
duced to the magnitude of the negative value of the ciock
pulse signal. However, since the upper terminal of the
capacitor 218 will remain for the momeant at the poien-
tial of the base terminal 206 of trangistor 293, the capaci-
tor 218 will assume a charee whicix will corresgond to ths
difference between the {wo potentials with tae upper ter-
minal being positive with respect to the lower terminal

The negative clock pulse signal drives dicde 258 to 1ts
nonconductive state because diode Z46¢ continues fo pass
current from ground through resisior 259 to the source
of negative potential of eighteen volts, and the lower ter-
minal of capacitor 252 will be maintained at ground po-
tential and the very slight charge on capacitor 2352 will
remain unchanged.

The negative potential present at the clock pulse termi-
nal 224 returns fo ground level at the termination of
the clock pulse signal to again effectively clamp to ground
the lower terminal of capacitor 218. At this mstant the
capacitor 218 is discharged and the upper-positive terminal
of capacitor 218 momentarily raises the base 246 of tran-
sistor 2868 to a positive potential which corresponds in
magnitude to the charge assumed by the capacitor. This
positive potential fed to the base of the transistor 200
drives the transistor to a nonconductive state which per-
mits the collector terminal 284 and set output terminal
208 to assume a six volt negative potential through the

application of the potential from the source of negative =

six volts fed through diode 212, and resistor 219 to the
source of eighteen volts negative potential.

The left hand terminal of resistor 262 which 1s coupled
to the set output terminal 208 will also be coupled to the
negative six volts potential and the electrical path formed
between the negative six volis and the positive eighteen
volts by resistor 262 and resistor 248 will lower the value
of the potential at the base terminal 24§ of transistor 234
to a very small negative potential which is sufhicient to
drive the transistor 234 to its conductive state. When the
transistor 234 is driven to its conductive state it will apply
ground potential to its collector terminal 238 and, there-
fore, to the reset output terminal 242, which raises the
potential on the base terminal 286 of transistor 299 to a
very small positive value which maintains transistor 269
in its nonconductive state.

At this instant in the description, the bistable or flipfiop
network has changed from its reset to set state presenting
one-half of a cycle of operation.

Now, in the operation of this bistable network in ifs
second mode of operation—self-steering with inhibitor
action, negative potential sguare wave pulse signals having
durations which are at least slightly longer than the dura-
tions of the clock pulse signais and which vary in mag-
nitude from a base of ground potential to a negative po-
tential which is equal to that of the clock pulse signals are
fed to either one or both of the set and reset input ter-
minals 228, 254 at the same time that a clock pulse signal
is fed to the clock pulse terminal 224. 1t is here indicated
that the wave shape of the signal fed to the set and/or
reset input terminals is not critical and satisfactory oper-
ation can be obtained with wave shapes which are other
than square in shape. Application of a ground potential
to the set and/or reset input terminals 2286, 254 permits
the associated diodes 22Z and/or 256 to be biased to the
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conductive state by the source of eighteen volt negative
potential fed to the resistors 216, 230; and the lower ter-
minals of the associated capacitors 218§ and/or 252 will
be maintained at ground potential regardless of the pres-
ence or absence of clock pulse signals at the clock pulse
terminal 224. Thus, the clock pulse signals fed to the

clock pulse terminal 224 are effective and can trigger the
transisiors of the bistable network only at those intervals
when the set and/or reset input circuits are in an “opened”
condition by the presence of a negative potential applied
to the set and/or reset input terminals 228, 259 to drive
dicdes 222 and/or 256 {o the nonconductive state.

Application of a ground potential signal to the set
input terminal 220 and the reset input terminal 254 simul-
taneously will prevent the bistable network from switch-
ing in either direction on application of a clock pulse input
to terminal 224. However, application of a ground po-
tential signal to the set input terminal 22¢ will prevent the
bistable network from switching to the set condition and,
in a like manner, application of a ground potential signal
to the reset input terminal 254 will prevent the bistable
network from switching to the reset condition. Continu-
ing, if the bistable network is in 1its reset state and a
ground potential 1s fed to the set input terminal 220 at
the same instant that a clock pulse signal is fed to ter-
minal 224—the bistable network will not change its state
of operation but will remain in its reset state. However,
if the bistable network is in 1ts set state and a negative
potential is fed to the set imput terminal 220 at the same
instant that a clock pulse signal is fed to terminal 224
then the bistable network will change its state of opera-
tion and will assume the reset state. Application of a
negative potential signal to the reset input terminal 254
will condition the bistable network to operate in the
manner described above with respect to the reset state
instead of the set state.

The third mode of operation—external steering, the
set and reset input terminals 220, 254 are used to trigger
the bistable network, clock pulse signals are not emploved
and, therefore, the clock puise terminal 224 is left in an
unconnected condition. Thus, the diodes 226 and 258 are
not utilized and have no effect on the operation of the net-
work. In this mode of operation trigger pulse signals
which are similar to the clock pulse signals distributed
above are fed to either the set input terminal 220 or the
reset input terminal 254, the terminal selected determines
the direction in which the network will be driven. How-
ever, once the network has assumed a given state, fur-
ther application of trigger pulse signals to that input ter-

iinal will not have any further effect on the output condi-
tions unless a trigger pulse signal is first fed to the other
input terminal. Continulng, in operation, if the set transis-
tor 208 is inifially in its nonconductive state—the bistable
network, being in its set condition—and a trigger pulse
signal 1s fed to the set input terminal 220, then the result-
ing charge on capacitor 218 will momentarily drive the
base terminal 286 of transistor 280 to a more positive
condition and, therefore, would drive transistor 280 fur-
ther into its nonconductive state. However, if a trigger
pulse signal were fed to the reset mnput terminal 254, then
the bistable network would assume its other conductive
state and set transistor 269 would become conductive while
reset transistor 234 would become nonconductive.

Fxamination of the bistable network illustrated in
FIG. 4 will disclose an output clamping circuit which
comprisss the diodes 212, 246 and the source of six volt
negative potential. Without this combination the mag-
nitude of the output signal of the network would be de-
termined by the magnitude of the potential which ap-
pears across the resistors 218, 244. In this instance, a
negative potential of eighteen voits. The clamping cir-
cuit improves the configuration of the negative-going
transitions of the outpnt signals of the bistable network
by clamping premptly the negative potential of the out-
put signal at a negative potential of six volts as the bi-
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stable network transistors switch from their conductive
to nonconductive states,

Returning now to the block diagrams illustrated in
FIGS. 1 and 2, in the corrector means stages 14 and 16
are bistable networks similar to that illustrated in FI1G.
4 and coupled to operate in the second mode of opera-
tion—self steering with inhibitor action; and stages 18,
29, 22, 24 and 26 are bistable networks as disclosed in
FIG. 4 coupled to operate in the first mode of opera-
tion—Self Steering. The Error Corrector Means 174
and the count period means are bistable networks similar
to that illustrated in FIG. 4 and coupled to operate in
the third mode of operation—external steering, clock
pulse signals not being employed. The count direction
confrol means 62 is a bistable network similar to that
ulustrated in FIG. 4 and coupled to operate in the sec-
ond mode of operation. In the Error detector means
64 each stage 8&, 88, 96, 92, 94, and 96, and the Error
direction confrol means 98 are each bistable networks
stnilar to that illustrated in FI1G. 4 and coupled to op-
erate in the second mode of operation.

With reference to the operation of the structore of
this invention as disclosed in FIGS. 1 and 2 there is
ilustrated a first chain of fiip-flop or bistable network
stages referred to as corrector means Z8, and a second
chain of flip-flops or bistable networks referred fo as
Error detector means 64. The Error detector means 64
i1s coupled to the corrector means 28 through auxiliary
flip-fiop and gate circuits, and a source of clock pulse
signals 1s coupled to drive the system. The corrector
means 28 functions as a binary counter capable of indi-
cating the occurrence of 128 clock pulse signals before
being recycled. The error detector means functions as
a reversible binary counter capable of indicating the oc-
currence of 128 clock pulse signals before recycling oc-
curs when operating in any one direction. Thus, with
each means, the corrector means 28 and the error de-
tector means 64 only sixty-four clock pulse signals are
required to trigger the last stage to its other state. The
frequency of the signals from the source of clock puise
signals is set at exactly 128 times the bit frequency of
the line signals being received. Therefore, since the sev-
enth stage 26 of the correcior means 28 will change its
state of conduction only after 64 clock pulse signals
have been fed to the corrector means 28, the seven-stage
corrector means 28 which is driven directly by clock
pulse signals from the source of clock pulse signals gen-
erates sguare wave pulse signals at the output terminal
of the last stage which is 1495 that of the clock pulse fre-
quency and is exactly equal to the bit frequency.

The square wave output signal of the last stage 26 of
the corrector means 28 generaies one posifive going {ran-
sition for each occurring line signal bit, and it is these
transitions which are utilized as probe pulse signals {o
synchronize the operation of auxiliary equipment which
detect the presence or bits in the line signal.

It is here, again observed that while the corrector
means 28 and the error detector means 64 each perform
separate and distinct functions—the standard or univer-

sal flip-flop or bistable network illustrated in FIG. 4 and

described above is used throughout—the mode of opera-
tion desired being obtained by the proper selection of
the input and output terminals. The set output terminal
of the flip-flops indicated by means of an “S” display a
negative potential, and the reset output terminal of the
flip-flops indicated by means of an R display a ground
poitential when the flip-fiop network is in ifs set condi-
tion or state. Naturally when the flip-flop network is in
its reset condition or state the output signals are reversed
and a ground potential appears on the set terminal and
a negative potential appears on the reset terminal. ur-
thermore, in accordance with the clock pulse logic as
used in this invention the positive-going transitions of all

signals are utilized to perform the actual triggering of
the flip-flop networks—-that is, a signal which approaches
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a ground potential from an initial negative potential will
attempt to trigger the flip-flop networks. Additionally,
in this invention all signals assume either a negative po-
tential or a ground potential and are essentiailly rectan-
gular in shape. The signal from the line transition de-
tector 156, and the signal from the reset driver 1980 are
positive-going spikes generated from signal transitions.
The use of generated spikes in these two instances is dic-
tated by the need to avoid subsequent blocking of the
flip-flop network being driven; blocking being character-
ized by the situation where a first triggering pulse signal
continues to occur during a time interval which would
conflict with a second triggering pulse signal intended to
change the state of the flip-fiop.

Returning to the FIGS. 1 and 2, and with reference to
FIG. 3 which 1s a graph of wave forms present during the
operation of this invention—at a time interval immedi-
ately after the occurrence of a probe pulse signal when
the line is in a marking condition (the probe pulse sig-
nals second and third from the left on wave form for
Stage 26—S terminal and further identified as occurring at
time F), all seven stages 86, 88, 20, 92, 24, 96, and 98 of
the error detector means 64 are in the set condition (a
negative potential is present on the set (s) terminal) and
the count period means 160 is in its reset or “stop” condi-
tion (a negative potential is present on the reset (R) termi-
nal). At this instant the corrector means 28 which is
stepped continuously by the clock pulse signals from the
clock pulse shaper 12 is just starting a new cycle—all of
the flip-flop stages having been driven to their reset state
by the last occurring clock pulse. At the count of 32
the flip-flop 24 will be driven to its set state, and at the
count of 64 the flip-fop 26 will be driven to its set state.
The error detector means 64 which is also coupled to re-
ceive the clock pulse signals is held in an inoperative state
by the application of a ground potential which is fed from
the set output terminal of the count period means to the
set and reset input terminals of the first stage 86 and to
each of the AND gates 89, 84. - |

All line signals, both spacing and marking are fed to the
buffer 154. It shall now be assumed that the next ap-
pearing line signal is a spacing signal. This spacing sig-
nal is fed through the buffer 154 to the line transition de-
tector 156 which generates a positive going trigger pulse
signal at its output terminal. The line transition detector
1s a differentiator and an inverter in combination, and
generates positive-going trigger spike signals for both
negative and positive going line signal transitions. Thus,
it could be stated that each instant the signal present on
the line changes from a spacing signal to a marking signal
or from a marking signal to a spacing signal a positive
trigger spike signal is generated by the line transition de-
tector 156. The trigger signal from the detector 156 is
ted to the set input terminal of the count period means
160 to drive it to its set state—and a negative potential sig-
nal is fed to the set and reset input leads of the stage 86

and 1s also fed to an input terminal of each of the AND
gates &0, 84.

Energization of the set and reset input leads of the stage
&6 permits the next occurring clock pulse signal to drive
the stage 86 to its other state of conduction—and it is at
this instant that the error detector means 64 starts to count.
The error detector means 64 is a bidirectional counter and
the direction in which it first starts to count is determined
by the count direction control means 62.

Th_e presence of a negative potential on the set output
terminal 74 of means 62 will condition the error detector

means to count in a forward direction, and the presence of
a negative potential on the reset output terminal 76 will
condition the error detector means to count in a reverse
direction. The direction in which the error detector
means 64 will count with the occurrence of clock pulse
signals is indicated on the curve for the count direction
control means 62-S terminal in FIG. 3 by means of
and — signs. The count direction confrol means 62 is
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fed by the set and reset output terminals of the stage 286
and by the reset terminal of stage 24 of the corrector
means 28 to generate a square wave signal on 1ts set output
terminal 74 which is identical to but leads by 90 degrees
the probe pulse signals generated on the set output termi-
nal of stage 26. Thus, the count direction control means
assumes a reset state 20 degrees in advance of each probe
pulse and a set state 90 degrees behind each probe pulse.
This relationship of the output signals of the count direc-
tion control means 62 relative to the probe pulse signals
cenerated by the stage 26 of the corrector means 23 is 1l-
Justrated in FIG. 3.

At the interval when the count direction control means
62 is in its set state a negative potential signal 1s fed from
the set outnput terminal 74 to the AMND gate 80, and this
signal in combination with the negative potential signal
from the set output terminal 162 of the count period
means 164 primes the AND gate 80 to permit the error de-
tector means ¢4 to count in a forward direction. In a
similar manner, when the count direction control means 1s
in its reset state the negative poetential present on its reset
output terminal 75 cooperates with the negative potential
signal present on the set output terminal 162 of the count
period means 162 to prime the AND gate 84, and the
error detector means ¢4 is conditioned to count in a re-
verse direction. Positioned between the stages 9¢ and 92
of the error detector means &4 are two buifer networks
132, 134, These buffer stages do not effzct the operation
of the error detector means 64, they merely compensate
for deterioration of the signal caused by diodes present
in the series coupled AND gates.

Initially, prior to the priming of the stage 86 by the ap-
plication of a negative pulse signal from the set output
terminal of the count period means 160 to the set and
reset input terminals of stage 86, each stage &6, 88, 94,
82, 94, 2§, and 98 1s in a sst condition or state, and this
is the initial or zero condition of the error detector means.
Thus, each stage in the error detector means 64 is driven
to its set state prior to the counting of clock pulse signals.
Now, immediately after the count direction control means
&2 and the count period means 168 each have been driven
to a set condition (the occurrence of a negative potential
signal on the set output terminal) the next appearing
clock pulse signal fed to the error detector means 64 wiil
drive each stage 86, 88, 98, 92, 894, 96, and 98 simulfa-
neously from a set state to a reset state. The very next
appearing or second clock pulse signal will affect only the
first stage 86 because, at this instance, the signal fed from
the set output terminal of stage 86 to the AND gate is at
ground potential and, therefore, the AND gate 280 blocks
the feeding of negative potential signals to the set 116 and
reset 118 input terminals of the next appearing stage £8.

Thus, immediatcly after each stage of the error detec-
tor means 64 has been driven from a set condition to a
reset condition—or immediately after the occurrence of
the first clock pulse signal after the error detector means
64 has been enabled to count in a forward direction—
the error detector means 64 counts in a positive direc-
tion from left to right in the manner similar to that of
a standard bmmary counter., When operating 1n the for-
ward direction binary zero is represznted by driving a
stage to its reset state and binary one is represented by
driving a stage to its set state. Furthermore, when the
count direction control means 62 1s driven to assuine
its reset state, then a negative potential signal will be fed
trom the reset outpui terminal 76 to enable or prime
the AND gate 84 and the error detector means 64 will
then operate according to reverse logic—that being that
when a stage is in its set state 1t will now be the equivalent
of binary zero instead of binary one, and that when the
stage is In its reset state it will be the eguivalent of
binary one instead of binary zero. Accordingly, when
the error detector means 64 is conditioned to count in
a reverse direction after having counted im a forward
direction it will pass in succession through each of the
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pocitions assumed during the forward count but in reverse
time sequence. If, however, the reverse count interval
is greater than the forward count interval then the error
detector means ¢4 will pass through the initial condi-
tion and continue to count in a reverse direction. In
this invention the error detector means 64 is in ifs Ini-
tial state when each stage simuitaneously is in a set state.

At this instant it shonld be noted that the last stage
€8 functions as an error direciion control means; the
error of the occurrence of the probe pulse signal relative
to the linz signal being in a leading direction if stage 99
is in one stage, and the error being in a lagging direc-
tion if stage 92 is in 1its other state.

Operation of the error detector means 64 continues
in the appropriate direction until the bistable network
163 is driven to its reset state by a positive-going transi-
tion of the signal from the set terminal of stage 24 in
the corrector means 28. This signal, which 15 in phase
with the probe pulse signals but is of twice 1iis ire-
guency, stops the operation of the error deiector means
&4 either on a probe pulse signal or at a point positioned
nidway between two probe pulse signal, depending upon
which condition occurs first. An examination of the
wave form from the set output terminal of stage 24
with the eriror detector means response curve (the third
and rst appearing waveshapes from the top of FIG. 3)
wiil indicate that the whole periods befween stop pulse
signals of the waveshape from the set output terminal of
stage 24 (occurring at time intervais B, D, F, H, and
s on) corresoond to periods of exactly one-half negative
and one-half positive count directicn and, thereiore,
count information is not lost by not counting during tnese
pericds since the first half count would only be cancelled
by tne second half count.

After the error detector means 64 is first stopped fol-
lowing the initial count at the beginning cf a line signal,
it is restarted and siepped in the same manner for a second
count interval at the end of the line signal. Thus, for
each line signal there are two couni periods one for
the positive going transition of the iline signal and another
for the negative going transition of the line signal. The
necessity of two count periods instead of one will be
cxplained at the conclusion of this exnlanation of the
operation of the invention.

At the end of the second count interval the error direc-
tion control means 98, the last stage of the error detec-
tor means €4, indicates whether the total count was 2
positive number or a negative number—the sign of the
number being indicated by the state assumed by the stage
58. Ii the final count 1s a positive number—that is that
the total positive count was gieater than the total nega-
tive couiit, then at the end of the second count interval the
stage 98 wiil be In 1is set state. If, however, the nega-
tive count was greater than the positive count, then a
negalive number would have been obtained and stage 9§
will be 1n its reset state,

The structure of this invention will always indicate
either a positive or a negative error because the stage
3 can assume only two states, a set state and a reset
state. Therefore, 1n this invention the indication for the
occurrence of a “no correction reauired condition” is the
same as the ndication for a negative error.

With reference to the waveforms illustrated in FiG. 3,
it will be noted that a negative count indicates that the
probe pulse signals are advanced relative to their proper
positien, and that a pogitive count indicates that the
probe pulse signals are retarded relative to their proper
position.

The corrector means 23 is driven by the error direc-
tion conirol means 93 to either retard or advance the
time occurrence ofthe probe pulse signal. Thus, if the
stage 98 15 1n 1ts set state which indicates a negative count
or that the probe pulse signals lead their proper position
then the corrector means 28 is driven by the stage 98 to

- retard the time of occurrence of the next occurring probe
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pulse signal. In a like manner, if the stage 98 is in its
reset state which indicates a positive count or that the
probe pulse signals lag their proper position then the
corrector means 28 is driven by the stage 98 to advance
the time of occurrence of the next occuiring probe pulse
signal.

The corrector means 28 is driven continuously by clock

pulse signals fed from the source of clock pulse signals

10 through the clock pulse shaper 1Z. However, since
the corrector means 28 is composed of seven bistable net-
works coupled together to function as a binary cousnter,
one hundred and twenty eight clock pulse signals must
be fed to the first stage 14 to cause the last stage 26 to
cycle once. The probe pulse signals are identified as
the positive going pulse signals which appear on the set
output terminal of the stage 26. Therefore starting from
the generation of a probe pulse signal, one hundred and
twenty eight clock pulse signals are required to generate
the next appearing probe pulse signal. The phase or
time occurrence of the probe pulse signals are controlled
by the error direction control means and is advanced or
retarded a time duration equal to 14ss of its cvcle or one
clock pulse signal. The phase of the corrector means
28 1s controlled directly by the Error corrector means
174 which, being driven continuously by the application
of clock pulse signals fed to its reset input terminal
attempts to remain in its reset state or retard position.

" When the bistable network 174 is in its retard position

it permits the normal operation of the corrector means
through the enabled AND gate 38. However, the set
mnput terminal 176 of the Error corrector means 174
is fed through the two input AND gates 178 by line
signals which appear at the output of the buffer 154 and
by the signals which appear on the set output terminal
162 of the count period means 189. Comparison of the
line signals with the wave form on the set output terminal
162 of the count period means or bistable network 169
(F1G. 3) illustrates that these two signals, in combina-
tion, vary from a negative condition to a positive-negative
condition only once for each occurrence of a line signal;
this transition occurring at the end of the second count
interval when there i1s a marking (negative) signal present
on the line and the bistable network 16§ is driven from
a set (count) condition to a reset (stop) condition. This
positive-going transition is fed through the AND gate
178 to the set input terminal of the bistable network 174.
‘The network 174 is driven momentarily to its set state
and as the potential signal on its reset output terminal
goes from negative potential to ground potential this
positive-going pulse signal is fed from the reset output
terminals 183 to the set and reset input t{erminals 184,
186 ot stage 14 to block the triggering of stage 14 by
the next appearing clock pulse signal. Thus, in this
manner the application of a clock pulse signal to the
corrector means 28 has been blocked and, in effect, the
generation of the probe pulse signal which appears at
the set output terminal of stage 26 bas been delayed a
time duration which corresponds to the length of one
clock pulse signal—a time duration equivalent to 14sgth
of the frequency of the probe pulse signal.

The rate of correction at which the position of the
probe pulse signals are either advanced or retarded is
2sth of a probe pulse signal cycle as only one step
correction is made, either forward or backward, for each
received line signal regardless of the total actual error
presenf. The time increment of 14a5th of the probe pulse
sighal was chosen because this time duration appears to
be most adaptable fo satisfying the requirements of

counter design, accuracy of alignment, and speed of

correction. |
It should be noticed that the above-described retarding

~effect will occur at the end of every second count interval

regardless of the final condition of the error direction
control means 98. This method of operation was chosen
for 1ts economy in cost and reliability in operation. To
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compensate for the retarding effect when the time occur-
rence of a probe pulse signal must be advanced as indi-
cated by the occurrence of a positive error count, the
presence of a negative signal on the reset output terminal
of the bistable network 98, the corrector means 28 is
advanced two steps as it is simultaneously retarded one
step thus producing a total change of one step forward,
and the occurrence of the probe pulse signal will be ad-
vanced 425th of its cycle. |

A simple binary counter can be advanced two steps
by altering directly the second stage of the counter—the
first stage being left unaltered. This is exactly what is
accomplished by means of the advance AND gate 150.
Through this AND gate there is fed, in combination,
directly fo the set and reset input ferminals of the bi-
stable network the negative potential signal which is
present on the set output terminal of the bistable net-
work 174 and the negative potential signal present on
the reset output terminal of the bistable network 98.
Now, if the error direction control means 28 is in its reset
state (which indicates a positive error count) at the
termination of its total count interval, a negative poten-
tial signal will be fed from its reset output terminal to
the input terminal 248 to enable AND gate 153. At
the instant that the Error corrector means 174 transfers
from its set to ifs reset state and generates the corrector
means retard pulse signal, the advance AND gate 150
enabled by the stage 98 also passes a negative potential
from bistable network 174 to permit the stage 16 to be
driven to its other state to effectively advance the cor-
rector means one clock pulse position. The next occur-
ring clock pulse signal, that clock pulse signal which
follows immediately the triggering of the Error corrector
means 174 to its set state occurs while the set and reset
input terminals 184, 186 of stage 14 are maintained at
ground potential by the reset output terminal of bistable
network 174 and while the set and reset input terminals
45, 59 of stage 16 are maintained at a negative potential
tarough the enabled AND gate 150 coupled in series
with the OR gate 46. Therefore, stage 16 will be trig-
gered to assume its other state by the directly applied
clock pulse signal. However, the triggering of stage 14
wiil be blocked and its state will not be altered: and the.
corrector means 28 will assume a condition which corre-
sponds to a jump of one position ahead of its normal
position for that received clock pulse signal.

At the same instant that the bistable network 174 is
driven from its reset state to its set state for the retard/
advance cycle, the positive-going transition of the signal
present on the reset output terminal of network 174 is
fed to the reset driver 199. A positive-going reset trigger
puise signal is generated by the driver 129, and is fed
to the reset gate 192 to cause the reset OR gate 192 to
render common, at ground potential, the reset output ter-
minals of each stage 886, 88, 90, 82, 94, 06, and 98
momentarily to urge each stage to assume a set state
at the next clock pulse signal. At this instant the error
detector means 64 is in its initial or zero condition—
that being when each stage is in its set state.

It is to be nocted that the single clock pulse signal -

~which is utilized to effect the required advance or retard

effect of the corrector means 28 is also utilized to drive
the error detector means 64 to its initial condition.

Thus, immediately after the occurrence of a correc-
tion procedure the structure of this invention is condi- |
tioned to receive and examine a next appearing line
signal.

With reference to FIG. 5, there is illustrated the effect
of distortion on line signals and, in simplified form, the
necessity that two count periods be utilized to determine
accurately phase error between line signals and probe
signals. | | :

In FIG. 5 the position of the probe pulse signals is in-
dicated by the dotted vertical lines P, and the direction
of count is indicated by “F” for forward and “R” for
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reverse. The forward and reverse count cycles are sepa-
iated by vertical dash lines.

The graph 498 illustrates the ideal condition where
the probe pulse signals P are centered relative to the
line signals. Here it will be observed that the first
count period consists of two vnits forward and two units
reverse;, and that the second count period consists of
two units forward and two units reverse. Adding the
first count period to the second count period produces
a total of zero—an indication that the probe pulse signal
1s posifioned properly.

However, graph 50 illustrates the cfiect of bias on
the received line signal. In this instance the first count
period consists of one unit forward and two uniis reverse;
and the second count period consists of three units for-
ward and two units reverse. Addition of the first count
period to the second count period produces a total cf
zerc—an accurate indication that the probe pulse signal
1s posifioned properly. But—if only the frst count peri-
od were considered, the second count period being 1gnored,
then there would be a resultant count of one reverse—
an inaccurate indication that an error exists.  In this last
instance the properly nositioned probe pulse signal would
bz urged to assume an improper pesition.

Continuing, craph 689 illustrates a wave form which
can be obtained when both vhase and bias distortion are
present. In this instance the first count period only
would indicate that a correction 1s not necessary, an
erronsous conclusion. However, the two count perinds
when added together do indicate accurately that an error
1s present and that a correction is required to properly
position the probe pulse signal relative to the line signais.

Obviously many modifications and variations of the
present invention are pcssible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than is specifically described.

- What is claimed is:

1. A synchronous adapter comprising a source of clock
pulse signals, a corrector means ied by said source of
clock pulse signals to generate prcbe pulse signals, an
error detector means having a forward mode of operation
and a reverse mcde of operation, an input means en-
ergized by received line signals to couple selectively satd
error detector means to said source of clock puilse sig-
nals, a count directicn control means fed by said corrector
means coupled to condition said error detecior means
to its forward mode of operation or ifs reverse mode of
operation, and an error corrector means fed by said source
of clock pulse signals and said input means coupled to
biock a sienal fed from said source of clock pulse signals
to said corrector means to retard the occurrence of a
probe pulse signal and to feed selectively a signal from
the error detector means to said corrector means to ad-
vance the occurrence of a probe pulse signal.

2. A synchironous adapter comprising a source of clock
pulse signals, a binary adder fed by said source of clock
nulse signals to generate probe pulse signals, an error de-
tector means having a forward mode of operafion and a
reverse mode of coperation, an input means energized
by received line signals to couple selectively said error
detector means to said source of ciock pulse signals, a
count direction conirol means fed by said corrector means
coupled to condition said error detector means fo its for-
ward mode of operation or its reverse mode of overation,
and an error corrector means fed by said source of clock
pulse signals and said input means coupled to block a
signal fed from said source of clock puise signals to said
binary adder to retard the occurrence of a probe puise
sienal and to feed selectively a signal ircm the error
detector means to said binary adder to advance the oc-

currerce of a probe pulse signal.

3. A synchronous adapter comprising a source of clock
pulse signals, a unidirectional binary adder fed by said
source of clock pulse signals to generate probe pulse sig-
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nals, an error dstector means having a ferward mode of
operation and a reverse mode of operation, an input
means energized by received line signals to couple selec-
tively said error detector means to said source of clock
pulse signals, a count direction control means fed by said
unidirectional binary adder coupled to condition said
error detector means to its forward mode of operation or
its reverse mode of operation, and an error corrector
means fed by said source of clock pulse signals and said
input means coupied to block a signal fed from said
source of clock pulse signals to said unidirectional binary
adder to retard the occurrence of a probe pulse signal and
to feed selectively a sipnal from the error detector means
to said unidirectional binary adder to advance the occur-
rence of a probe pulse signal.

4, A synchronous adapter comprising a source of clock
sulse signals, a corrector means fed by said source of
clock pulse signals to generate probe pulse signals, a bi-
directional binary adder having a forward mode of op-
cration and a reverse mode of operation, an input means
encrgized by received line signals to couple selectively
said bidirectional binary adder to said source of clock
pulse signals, a count direction control means fed by said
corrector means coupled to condition said bidirectional
binary adder to its forward mode of operation or its re-
verse mode of operation, and an error corrector means
fed by said source of clock pulse signals and said mnput
means counled to block a signal fed from said source
of clock pulse signal to said corrector means to retard
the occurrence of a nrobe pulse signal and to feed selec-
tively a signa! from the bidirectional binary adder to said
corrector means to advance the occurrence of a probe
pulse signal.

5. A synchronous adapter comprising a source of clock
nulse signals, a binary adder fed by said source of clock
pulse signals to generate probe pulse signals, a bidirec-
tional binary adder having a forward mode of operation
and a reverse mode of operation, an input means ener-
gized by received line signals to couple selectively said
pidirectional binary adder to said source of clock pulse
signals, a count direction control means fed by said binary

dder coupied to condition said bidirectional binary adder
to its forward mode of operation or its reverse mode of
operation, and an error corrector means fed by said
source of ciock pulse signals and said input means cou-
pled to block a signal fed from said source of clock pulse
signals to said binary adder to retard the occurrence of a
probe pulse signal and to feed selectively a signal from the
error detector means to said binary adder to advance the
occurrence of a probe pulse signal.

6. A synchronous adapter comprising a source of clock
pulse signals, a unidirectional binary adder fed by said
source of clock puise signals to generate probe pulse sig-
nals, a bidirectional binary adder having a forward mode
of operation and a reverse mode of operation, an mput
means energized by received Iine signals to couple selec-
tively said bidirectional binary adder to sa:d source of
clock pulse signsals, a count direction control means fed
by said corrector means coupled to condition said bi-
directional binary adder to its forward mode of operation
or its reverse mode of operafion, and an error corrector
means fed by said source of clock pulse signals and said
input means counied to block a signal fed from said source
of clock pulse signals to said unidirectional binary adder
to retard the occurrence of a probe pulse signal and to
feed selectively a signal from the bidirectional binary
adder to said unidirectional binary adder to advance the
ccuirence of a probe pulse signal.

7. A synchronous adapter comprising a source of clock
pulsz signals, a corrector means fed by said source of
clock puise signals to generate probe pulse signals, an
error detector means having a forward mode of opera-
tion and a reverse mode of operation, an input means
energized by received line signals to couple selectively
said error detector means to said source of clock pulse
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signals, a first bistable network fed by said corrector
means coupled to condition said error detector means to
its forward mode of operation or its reverse mode of
operation, and a second bistable network fed by said
source of clock pulse signals and said Input means cou-
pled to block a signal fed from said source of clock
pulse signals to said corrector means fo retard the oc-
currence of a probe pulse signal and to feed selectively
a signal from the error detector means to said corrector
means to advance the occurrence of a probe pulse signal.

8. A synchronous adapter comprising a source of clock
pulse signals, a binary adder fed by said source of clock
pulse signals to generate probe pulse signals, an error de-
tector means having a forward mode of operation and
a reverse mode of operation, an input means energized
by received line signals fo couple selectively said error
detector means to said source of clock pulse signals, a
first bistable network fed by said corrector means cou-
pled to condition said error detector means to its forward
mode of operation or its reverse mode of operation, and
a second bistable network fed by said source of clock
pulse signals and said input means coupled to block a
signal fed from said source of clock pulse signals to said
binary adder to retard the occurrence of a probe pulse
signal and to feed selectively a signal from the error de-
tector means to said binary adder to advance the occur-
rence of a probe pulse signal.

9. A synchronous adapter comprising a source of clock
pulse signals, a unidirectional binary adder fed by said
source of clock pulse signals to generate probe pulse sig-
nals, an error detector means having a forward mode of
operation and a reverse mode of operation, an input
means energized by received line signals to couple selec-
tively said error detector means to said source of clock
pulse signals, a first bistable network fed by said uni-
directional binary adder coupled to condition said error
detector means to its forward mode of operation or iis
reverse mode of operation, and a second bistable network
fed by said source of clock pulse signals and said input
means coupled to bleck a signal fed from said source of
clock pulse signals to said unidirectional binary adder to
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retard the occurrence of a probe pulse signal and to feed

selectively a signal from the error detector means to
said unidirectional binary adder to advance the occur-
rence of a probe pulse signal,

10. A synchronocus adapter comprising a source of
cleck pulse signals, a corrector means fed by said source
of clock pulse signals to generate probe pulse signals, a
bidirectional binary adder having a forward mode of
operation and a reverse mode of operation, an input
means energized by received line signals to couple selec-
tively said bidirectional binary adder to said source of
- clock pulse signals, a first bistable network fed by said
corrector means coupled to condition said bidirectional
binary adder to ifs forward mode of operation or its
reverse mode of operation, and a second bistable network
fed by said source of clock pulse signals and said input
means coupled to block a signal fed from said source of
clock pulse signals to said corrector means to retard the
occurrence of a probe pulse signal and to feed selectively
a signal from the bidirectional binary adder to said cor-
rector means 1o advance the occurrence of a probe pulse
signal.

11. A synchronous adapter comprising a source of
clock pulse signals, a binary adder fed by said source of
clock pulse signals to generate probe pulse signals, a bi-
directional binary adder having a forward mode of opera-
tion and a reverse mode of operation, an input means
energized by received line signals to couple selectively
said bidirectional binary adder to said source of clock
pulse signals, a first bistable network fed by said binary
adder coupled to condition said bidirectional binary adder
to its forward mode of operation or its reverse mode of

operation, and a second bistable network fed by said -

source of clock pulse signals and said input means cou-

45

o0

55

60

65

70

75

8 . |

pled to block a signal fed from said source of clock pulse
signals to said binary adder to retard the occurrence of a
probe pulse signal and to feed selectively a signal from
the bidirectional binary adder to said binary adder fo
advance the occurrence of a probe pulse signal. | |
12. A synchronous adapter comprising a source of
clock pulse signals, a unidirectional binary adder fed by
said source of clock pulse signals to generate probe pulse
signals, a bidirectional binary adder having a forward
mode of operation and a reverse mode of operation, an
input means energized by received line signals to couple
selectively said bidirectional binary adder to said source
of clock pulse signals, a first bistable network fed by said
unidirectional binary adder coupled to condition said bi-
directional binary adder to its forward mode of operation
or. its reverse mode of operailon, and a second bistable
network fed by said source of clock pulse signals and said
input means coupled to block a signal fed from said source
of clock pulse signals to said umdirectional binary adder
to retard the occurrence of a probe pulse signal and to
feed selectively a signal from the bidirectional binary
adder to said unidirectional binary adder to advance the

occurrence of a probe pulse signal.
13. A synchronous adapter comprising a source of

clock pulse signals, a unidirectional binary adder fed by

said source of clock pulse signals fo generate probe pulse
signals, an error detector means having a forward mode
of operation and a reverse mode of operation, an input
means energized by received line signals to couple selec-
tively said error detector means to said source of clock
pulse signals, a count direction control means fed by said
unidirectional binary adder coupled to condition said
error detector means to its forward mode of operation
or its reverse mode of operation, an error corrector means
fed by said source of clock pulse signals and said input
means coupled to block a signal fed from said source of
clock pulse signals to said unidirectional binary adder to
retard the occurrence of a probe pulse signal and to feed
sclectively a signal from the error detector means to said
unidirectional binary adder to advance the occurrence of
a probe pulse signal, and a reset means fed by said error
corrector means coupled to drive said error detector
means to an initial condition.

14. A synchronous adapter comprising a source of
clock pulse signals, a unidirectional binary adder fed by
said source of clock pulse signals to generate probe pulse
signals, a bidirectional binary adder having a forward
mode of operation and a reverse mode of operation, an
input means energized by received line signals to couple

‘selectively said bidirectional binary adder to said source

of clock pulse signals, a count direction control means
fed by said corrector means coupled to condition said
bidirectional binary adder to its forward mode of opera-
tion or its reverse mode of operation, an error correcior
means fed by 'said source of clock pulse signals and said
input means coupled to block a signal fed from said
source of clock pulse signals to said unidirectional binary
adder to retard the occurrence of a probe pulse signal and
to feed selectively a signal from the bidirectional binary
adder to said unidirectional binary adder to advance the
occurrence of a probe pulse signal, and a reset means fed
by said error corrector means coupled to drive said bi-
directional binary adder to an initial condition.

15. A synchronous adapter comprising a source of
clock pulse signals, a unidirectional binary adder fed by
said source of clock pulse signals to generate probe pulse
signals, an error detector means having a forward mode
of operation and a reverse mode of operation, an input
means energized by received line signals to couple se-
lectively said error detector means to said source of clock
pulse signals, a first bistable network fed by said unidi-
rectional binary adder coupled to condition said error
detector means to its forward mode of operation or its
reverse mode of operation, a second bistable network

fed by said source of clock pulse signals and said input
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means coupled to block a signal fed from said source of
clock pulse signals to said unidirectional binary adder to
retard the occurrence of a probe pulse signal and to feed
selectively a signal from the error detector means to said
unidirectional binary adder to advance the occurrence of
a probe pulse signal, and a reset means fed by said
second bistable network coupled to drive said error de-
tector means to an 1nitial condition. |

16. A synchroncus adapter comprising a source of
clock pulse signals, a unidirectional binary adder fed by
said source of clock pulse signals to generate probe pulse
signals, a bidirectional binary adder having a forward
mode of operation and a reverse mode of operation, an
input means energized by received line signals to couple
selectively said bidirectional binary adder to said source
of clock pulse signals, a first bistable retwork fed by
said unidirectional binary adder coupled to condition
said bidirectional binary adder to its forward mode of
operation or its reverse mode of operation, a second bi-
stable network fed by said source of clock pulse signals
and said input means coupled to block a signal fed from
said source of clock pulse signals to said unidirectional
binary adder to retard the occurrence of a probe pulse
signal and to feed selectively a signal from the bidirec-
tional binary adder to said unidirectional binary adder
to advance the occurrence of a probe pulse signal, and a
reset means fed by said second bistable network coupled
to drive said bidirectional binary adder to an initial con-
dition.

17. A synchronous adapter comprising a source of
clock pulse signals, a multiple stage unidirectional bmary
adder fed by said source of clock puise signals to gener-
ate probe pulse signals, a multiple stage bidirectional
binary adder having a forward mode of operation and a
reverse mode of operation, an input means energized by
received line signals to couple selectively said bidirec-
tional binary adder to said source of clock pulse signals,
a first bistable network fed by said unidirectional binary
adder coupled to condition said bidirectional binary adder
to its forward mode of operation or its reverse mode of
operation, a second bistable network fed by said source
of clock pulse signals and said mput means coupled to
block a signal fed from said source of clock pulse sig-
nals to said unidirectional binary adder to retard the oc-
currence of a prebe pulse signal and to feed selectively a
signal from the bidirectional binary adder to said unidi-
rectional binary adder to advance the occurrence of a
probe pulse signal, a reset gate coupled to each stage of
said multiple stage direction binary adder, and a reset
driver interposed between said second bistable network
and said reset gate to drive said bidirectional binary
adder to an initial condition. |

18. A synchronous adapter comprising a source of
clock pulse signals, a multiple stage unidirectional binary
adder fed by said source of clock pulse signals to gener-
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ate probe pulse signals, a multiple stage bidirectional
binary adder having a forward mode of operation and a
reverse mode of operation, an error direction control
means coupled as the last stage of said multiple stage
bidirectional binary adder, an input means energized by
received line signals to couple selectively said bidirec-
tional binary adder to said source of clock pulse signals, a
first bistable network fed by said unidirectional binary
adder coupled to condition said bidirectional binary adder
to its forward mode of operation or its reverse mode of
operation, an AND gate, a second bistable network fed
by said source of clock pulse signals and said input means
coupled to block a signal fed from said source of clock
pulse signals to said unidirectional binary adder to retard
the occurrence of a probe pulse signal and to feed selec-
tively a signal from the error direction control means
through said AND gate to said unidirectional binary
adder to advance the occurrence of a probe pulse signal,
a reset gate coupled to each stage of said multiple stage
bidirectional binary adder, and a reset driver interposed
between said second bistable network and said reset gate
to drive said multiple stage bidirectional binary adder to
an initial condition.

19. A synchronous adapter comprising a source of
clock puise signals; a multiple stage unidirectional binary
adder fed by said source of clock pulse signals to gener-
ate probe pulse signals; a muliiple stage bidirectional
binary adder having a forward mode of operation and a
reverse mode of operation; an error direction control
means coupled as the last stage of said multiple stage
bidirectional binary adder; a buffer energized by received
Iine signals; a line transition detector fed by said buffer;
a count period means fed by said line transition detector
to couple selectively said bidirectional binary adder to
said source of clock pulse signals; a first bistable network
fed by said unidirectional binary adder coupled to con-
dition said bidirectional binary adder to its forward mode
of operation or its reverse mode of operation; an AND
gate; a second bistable network fed by said source of
clock pulse signals, said buffer and said count period
means coupled to block a signal fed from said source of
clock pulse signals to said unidirectional binary adder
to retard the occurrence of a probe pulse signal and to
feed selectively a signal from the error direction control
means through said AND gate to said unidirectional
binary adder to advance the cccurrence of a probe pulse
signal; a reset gate coupled to each stage of said multiple
stage bidirectional binary adder; and a reset driver in-
terposed between said second bistable network and said

reset gate to drive said multiple stage bidirectional binary
adder to an 1nitial condition.
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