
WO 97/17697
PCT/1B96/01166        Method and apparatus for recording a binary signal
onto a record carrier.                         The invention relates to a
method of recording a binary signal onto a magnetic     record carrier, the
method comprises the steps of:     (a) receiving the binary signal, the
binary signal comprising bits of a first polarity and bits of     a second
polarity, the second polarity being opposite to the first polarity, 5 (b)
writing bits of the first and the second polarity onto the record carrier,
and relates to an      apparatus for recording the binary signal onto the
record carrier. A method and apparatus as      defined above is known from
JP Kokai 57-181,420.                     In the known method, a binary
signal is recorded by generating write pulses at 10 the location of leading
and trailing edges of the binary signal, in order to decrease recording
current and to avoid a too large current consumption and thus an
overheating of the write      head.                     The invention aims
at improving the writing of a binary signal. The method in 15  accordance
with the invention is characterized in that the writing step comprises the
step of      generating at least two write pulses for each bit to be
written, and that, when writing a first 



sequence of at least two bits of the first polarity followed by a second
sequence of at least      two bits of the second polarity, the writing step
comprising the substeps of      (i) generating at least two write pulses of
a third polarity for the first bit of the first polarity 20  in the first
sequence,      (ii) genertng a write pulse of the third polarity and a
write pulse of a fourth polarity for the      at least second bit of the
first polarity occurring in the first sequence, the third polarity being
opposite to the fourth polarity,      (iii) generating at least two write
pulses of the fourth polarity for the first bit of the second 25  polarity
in the second sequence,       (iv) generating a write pulse of the third
polarity and a write pulse of the fourth polarity for       the at lest
second bit of the second polarity occurring in the second sequence.
The invention is based on the following recognition.       First, a write
equalization is carried out during recording of a binary signal. More
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cally, when writing a second or further bit of the first polarity (a '1'
bit) in a sequence of     bits of the first polarity to be written on the
record carrier, a first write pulse of the second     polarity (a negative
write pulse) is generated, followed by a write pulse of the first polarity
(a positive write pulse). In an identical way, when writing a second or
further bit of the 5 second polarity(a 'O' bit) in a sequence of bits of
the second polarity to be written on the     record carrier, a first write
pulse of the first polarity (a positive write pulse) is generated,
followed by a write pulse of the second polarity (a negative write pulse).
This results in a     lower low frequency content of the signal written in
the record carrier. Further, equalization     during reproduction becomes
easier. 



10                As a second measure, when writing the first bit of the
first polarity (a '1' bit) in      the sequence of bits of the first
polarity to be written on the record carrier, two write pulses      of the
first polarity (two positive write pulses ) are generated. In an identical
way, when      writing the first bit of the second polarity (a '0' bit) in
the sequence of bits of the second      polarity to be written on the
record carrier, two write pulses of the second polarity (two 13  negative
write pulses ) are generated. Further, when single bits of the first
polarity directly      surrounded by bits of the second polarity should be
written, normally, only one write pulse      of the first polarity is
generated for each bit of the first polarity. In accordance with the
present invention, however, two write pulses of the first polarity (two
positive write pulses)      are generated. Moreover, when single bits of
the second polarity directly surrounded by bits 20  of the first polarity
should be written, normally, only one write pulse of the second polarity
is generated for each bit of the second polarity. In accordance with the
invention, however,      two write pulses of the second polarity (two
negative write pulses ) are generated. The      reason for this is the
following.                    Suppose a long sequence of bits of the first
polarity. As has been explained 25 above, for the second and further bits
in the sequence to be written, two pulses of opposite      polarity are
generated for each bit. In a long sequence of subsequent bits of opposite
polarity      (...0101010...), in accordance with the prior art, only one
write pulse need to be generated      for each bit. As a result, there is a
large difference in dissipation, as for the long sequence of      bits of
the first polarity a writing power of a factor of 2 higher is needed than
for the long 30  sequence of subsequent bits of opposite polarity. Those
variations in dissipation, in depend-       ence of the signal to be
written, results in a thermical crosstalk between the write head and a
read head in a combined read-write head construction. Such read-write head
construction can       be used to realize a read-while-write or a
read-after-write function, or to realize a tracking       function. The
variations in dissipation result in a distortion component in the signal
read out         
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by the read head, so that read-after-write, read-while-write or tracking
functions less      properly.                    By generating two write
pulses of the same polarity for the first bit of the first      polarity in
the sequence of bits of the first polarity and for each bit in a sequence
of bits of  5  subsequenty opposite polarity, the power dissipation remains
substantially the same,      resulting in practically no distortion in in
the signal read out.                      These and other aspects of the
invention will be apparent from and elucidated      with reference to
embodiments described hereafter. In the following  figure description shows
10             figure 1 an embodiment of the method of recording a binary
signal,                    figure 2 the method of recording another binary
signal,                    figure 3 an embodiment of the recording
apparatus    15             The signal (a) in figure 1 is a clock signal
applied to a writing apparatus in      accordance with the invention and to
be described hereafter. (b) in figure 1 is an example of      a binary
signal that should be written on a record carrier. (c) in figure 1 is the
write current      with which the binary signal  will be written on the
record carrier. (d) of figure 1 is the      mangetic pattern in a track on
a record carrier in which the binary signal as given in(b) of 20  figure 1
has been written. The binary signal in (b) of figure 1 has a sequence of
bits .... 11      1 0 1 .... The bit directly preceding first '1' bit in
(b) of figure  was a '0' bit. This can      be concluded from the fact that
the magnetisation prior to the first pulse in the time interval
(t[err],t[err]) is given by minus-signs, see (d) in figure 1.
The first '1'-bit in the sequence of three consecutive '1'-bits shown in
(b) of 25  figure 1 results in the generation on of two positive pulses
P[err] and P[err] in this time interval (t[err],t[err]).      The
subsequent '1'-pulse leads to a negative pulse P[err] followed by a
positive pulse P[err] in the      time interval (t[err],t[err]). The last
'1'-pulse in the sequence leads again to a negative pulse P[err]
followed by a positive pulse P[err] in the time interval (t[err],t[err]).
The subsequent 'O'-pulse leads to 



two negative pulses P[err] and P[err] in the time interval (t[err],t[err]).
Next, comes a '1'-pulse which 30  again results in the generation of two
positive pulses P[err] and P[err] in the time interval (t[err],t[err]).
Prior to the occurrence of the write pulse P[err], the magnetisation is in
the      negative direction, as is shown in (d) of figure 1. Upon the
occurrence of the pulse P[err], the      direction of magnetisation changes
into the positive direction. The second pulse P[err] does not
influence the magnetisation pattern on the record carrier but the power
dissipation in the              WO 97/17697
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write head now remains substantially constant, as has been explained above.
The magnetisation direction reverses upon the occurrence of the pulse
P[err] and      reverses again upon the occurence of the pulse P[err]. This
is the result of the write equaliz-      ation described above in order to
lower the low frequency contents of the signal written in 5  the record
carrier.                    The magnetisation direction further reverses
upon the occurrence of the pulse P[err]      and reverses again upon the
occurrence of the pulse P6.                    Upon the occurrence of the
pulse P[err], the direction of magnetisation changes      into the negative
direction. The second pulse P[err] again does not influence the
magnetsation 10  pattern on the record carrier, but result in a smaller
variation in power dissipation. The      magnetisation direction changes
again upon the occurrence of the pulse P[err].                    It should
be noted that the moment of occurrence of the pulse pairs (P[err],P[err]),
(P[err],P[err]) and (P[err],P[err]) in their corresponding time intervals
(t[err]t[err]), (t[err],t[err]) and (t[err],t[err]) respective-      ly,
are delayed compared to the moment of occurrence of the pulse pairs
P[err],P[err]) and (P[err]P[err]) 15  in their corresponding time intervals
(t[err],t[err]) and (t[err],t[err]) respectively. As an example, the rising
edge of the pulse P[err] in figure 1 concurs with the rising edge of the
third clock pulse in the 



time interval (t[err],t[err]), whereas the falling edge of the pulse P[err]
concurs with the rising edge of      the second clock pulse in the time
interval (t[err],t[err]).                     More specifically, the rising
edge of the pulse P[err] in the interval (t[err],t[err]) occurs at 20  a
time instant in this time interval which lies exactly half way in between
the moments of      occurrence of the falling edge of the pulse P3 and the
rising edge of the pulse P[err] in the time      interval (t[err],t[err]).
As a result, the short areas of negative magnetization A[err] and A[err] in
(d) of      figure 1, resulting from the negative pulses P[err] and P[err],
lie symmetically between the large      areas of negative magneization
A[err] and A[err]. 25             The signal (b) in figure 2 is another
example of a binary signal that could be       written on a record carrier.
(c) in figure 1 is the write current with which the binary signal
will be witten on the record carrier (d) of figure 1 is the mangetic
pattern in a track on a       record carrier in which the binary signal as
given in (b) of figure 1 has been written. The       binary signal in (b)
of figure 2 has a sequence of bits .... 0 0 0 1 0 .... The bit directly 30
preceding the first '0' bit in (b) of figure 2 was a '1' bit. This can be
concluded from the       fact that the magnetisation prior to the first
pulse in the time interval t[err],t[err] is given by plus-       signs, see
(d) in figure 2.                     The first '0'-bit in the sequence of
three consecutive '0'-bits shown in (b) of       figure 2 results in the
generation of two negative pulses P[err]' and P[err]' in the time interval
t[err],t[err].                WO 97/17697
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The subsequent 'O'-pulse leads to a positive pulse P[err] followed by a
negative pulse P[err]' in the      time intervl t[err],t[err]. The last
'O'-pulse in the sequence leads again to a positive pulse P[err]'
followed by a negative pulse P[err]' in the time interval t[err],t[err].
The subsequent '1'-pulse leads to      two positive pulses P[err]' and
P[err]' in the time interval t[err],t[err]. Next, comes a 'O'-pulse which 



5 again results in the generation of two negative pulses P[err]' and
P[err]' in the time interval t[err],t[err].                     The
magnetism directions in the track on the record carrier behave as shown
in (d) of figure 2 and need no further explanation.                     It
should again be noted that the moment of occurrence of the pulse pairs
(P[err]',P[err]'), (P[err]',P[err]') and (P[err]',P[err]') in their
corresponding time intervals (t[err],t[err]), (t[err],t[err]) and 10
(t[err],t[err]) respectively, are delayed compared  to the moment of
occurrence of the pulse pairs      P[err]',P[err]') and (P[err]',P[err]'
in their corresponding time intervals (t[err],t[err]) and (t[err],t[err])
respectively.                     Figure 3 shows an embodiment of the
recording apparatus. The apparatus has      an input terminal 30 for
receiving the binary signal. The binary signal could have been
obtained by channel encoding an information signal. The binary signal thus
can have the 15  form of (b) of figure 1 or (b) of figure 2, where the
binary signal is 'high' when being logic       'one', and 'low' when being
logic 'zero'. The binary signal in (b) of figure 1 is thus 'high'
during the time interval from t=t[err] to t=t[err], 'low' during the time
interval (t[err],t[err]) and again       'high' starting with the time
instant t[err]. The input terminal 30 is coupled to an input of a shift
register 32 having two storage locations 32.1 and 32.2. A clock signal
generator 34 is 20  present having an output 36 for supplying the clock
signal shown in (a) of the figures 1 and      2. This clock signal is
supplied to a clock signal inputs of generators 38.1 to 38.4. Further,
the output of the clock signal generator 34 is coupled, via a frequency
divider 60, to a load      input 62.1 of the storage location 32.1 and
further via a delay 64 to the load input 62.2 of      the storage location
32.2. The frequency division by the divider 60 is such that in each time 25
interval (t[err],t[err]), (t[err],t[err]) (t[err],t[err]), .... a load
pulse is generated. Such load pulse could be      generated at the time
instants t[err],t[err], t[err], t[err], .... or eg. one clock pulse of the
clock signal of      (a) in the figures 1 and 2 later. Outpus 40.1 to 40.4
of the generators 38.1 to 38.4 respect-      ively are coupled to
respective inputs of a multiplexer 42. An output of the multiplexer 42 is
coupled to an input of a write unit 44. The write unit 44 comprises at
least one write head 43 30  for writing the binary signal on a magnetic
record carrier 45. The niagnetic record      can be in the form of a
longitudinal record carrier on which racks are written in the
longitudinal direction of the reord carrier or in a slant direction on the
record carrier.                     Outputs of the storage locations 32.1
and 32.2 are coupled to inputs of an AND      gate 46 and to inputs of a
NOR gate 48. Furter, the outputs of the storagr locations 32.1    
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and 32.2 are coupled to inputs of an AND gate 50 via an inverter 52 and to
an AND gate 54      via an inverter 56. An output of the AND gate 46 is
coupled to a tigger input 58.1 of the      generator 38.1. An output of the
NOR gate 48 is coupled to a trigger input 58.2 of the      generator 38.2.
An output of the AND gate 50 is coupled to a trigger input 58.3 of the  5
generator 38.3. An output of the AND gate 54 is coupled to a trigger input
58.4 of the      generator 38.4. Further,the outputs of the storage
locations 32.1 and 32.2 are coupled to      selection inputs of the
multiplexer 42.                    Assuming the time instant t[err] in
figure 1, and that the '0'-bit preceding the '1'-      bit of the time
interval (t[err],t[err]) is stored in the storage location 32.2. At the
time instant t[err], t[err] 10  load pulse is supplied by the divider 60.
Thus, the 'bit stored in the location 32.2 is stored      in the location
32.1. A delayed load pulse is supplied to the storage location 32.2, so
that the      first '1'-bit is loaded in the storage location 32.2. As a
result, a 'high' output signal is      supplied by the AND gate 50 so that
the generator 38.3 is triggered to generate the positive      pulses P[err]
and P[err] in response to the clock signal and further timing signals (not
further 15  shown), such as eg a delayed version of the output signal of
the delay unit 64, so that only a      pulse pair is generated after the
contents of the storage locations have their correct bit values.      Tbe
2-bit word supplied to the selection inputs of the multiplexer 42 controls
the multiplexer      to select the output of the generator 38.3 so that two
positive pulses are supplied to the write      unit 44. 20             At
the time instant t[err], another load pulse is supplied by the divider 60.
Thus,      the 'l'-bit stored in the location 32.2 is shifted into the
location 32.1. A delayed load pulse is      supplied to the storage
location 32.2, so that the second '1'-bit is loaded in the storage
location 32.2. As a result, a 'high' output signal is supplied by the AND
gate 46 so that the      generator 38.1 is triggered to generate the pulse
pair (P[err],P[err]). The 2-bit word supplied to the 25 selection inputs of
the multiplexer 42 controls the multiplexer to select the output of the
generator 38.1 so that the pulse pair(P[err],P[err]) is supplied to the
write unit 44. Atthetime      instant t[err], another load pulse is
supplied by the divider 60. Thus, the '1'-bit stored in the 



location 32.2 is shifted into the location 32.1. A delayed load pulse is
supplied to the storage      location 32.2, so that the third '1'-bit is
loaded in the storage location 32.2. As a result, 30  again 'high' output
signal is supplied by the AND gate 46 so that the generator 38.1 is
triggered again so as to generate the pulse pair (P[err],P[err]). The 2-bit
word supplied to the      selection inputs of the multiplexer 42 controls
the multiplexer to select the output of the      generator 38.1 so that the
pulse pair (P[err],P[err]) is supplied to the write unit 44.
At the time instant t[err], another load pulse is supplied by the divider
60. Thus,                WO 97/17697
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the '1'-bit stored in the location 32.2 is shifted into the location 32.1.
A delayed load pulse is      supplied to the storage location 32.2, so that
the 'O'-bit is loaded in the storage location 32.2.      As a result, a
'high' output signal is supplied by the AND gate 54 so that the generator
38.4      is triggered so as to generate the pulse pair (P[err],P[err]).
The 2-bit word supplied to the selection  5  inputs of tie multiplex  42
controls the multiplexer to select the output of the generator  38.4
so that the pulse pair (P[err],P[err]) is supplied to the write unit 44.
The load pulse at the time      instant t[err], supplied by the divider 60,
results in storing the '0'-bit into the location 32.1 and      the
corresponding delayed load pulse results in loading a '1'-bit into the
storage location      32.2. As a result, a 'high' output signal is supplied
by the AND gate 50 so that the generator 10  38.3 is triggered so as to
generate the pulse pair (P[err],P[err]). The 2-bit word supplied to the
selection inputs of the multiplexer 42 controls the multiplexer to select
the output of the      generator 38.3 so that the pulse pair
(P[err],P[err]) is supplied to the write unit 44.                    In an
equivalent way, the write current as shown in (c) of figure 2 can be
generated. We assuming that the '1 '-bit preceding the 'O'-bit of the time
interval (t[err],t[err]) is 15  stored in the storage location 32.2. At the
time instant t[err] a load pulse is supplied by the 



divider 60. Thus, the '1'-bit stored in the location 32.2 is shifted into
the location 32.1. A      delayed load pulse is supplied to the storage
location 32.2, so that the first 'O'-bit of the      sequence of three
'0'-bits is loaded in the storage location 32.2. As a result, a 'high'
output      signal is supplied by the AND gate 54 so that the generator
38.4 is triggered to generate the 20  negative pulses P[err]' and P[err]'
in response to the clock signal and further timing signals (not
further shown), such as ega delayed version of the output signal of the
delay unit 64, so that      only a pulse pair is generated after the
contents of the storage locations have their correct bit      values. The
2-bit word supplied to the selection inputs of the multiplexer 42 controls
the      multiplexer to select the output of the generator 38.4 so that two
negative pulses are supplied 25  to the write unit 44.
At the time instant t[err], another load pulse is supplied by the divider
60. Thus,      the 'O'-bit stored in the location 32.2 is shifted into the
location 32.1. A delayed load pulse is      supplied to the storage
location 32.2, so that the second 'O'-bit is loaded in the storage
location 32.2. As a result, a 'high'  output  signal is supplied by the NOR
gate 48 so that the 30  generator 38.2 is triggered to generate the pulse
pair (P[err]',P[err]'). The 2-bit word supplied to      the selection
inputs of the multiplexer 42 controls the multiplexer to select the output
of the      generator 38.2 so that the pulse pair (P[err]', P[err]') is
supplied to the the write unit 44. At the time      instant t[err], another
load pulse is supplied  by the divider 60. Thus, the 'O'-bit stored in the
location 32.2 is shifted into the location 32.1. A delayed load pulse is
supplied to the storage               WO 97/17697
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location 32.2, so that the third '0'-bit is loaded in the storage location
32.2. As a result,      again 'high' output signal is supplied by the NOR
gate 48 so that the generator 38.2 is      triggered again so as to
generate the pulse pair (P[err]',P[err]'). The 2-bit word supplied to the
selection inputs of the multiplexer 42 controls the multiplexer to select
the output of the  5  generator 38.2 so that the pulse pair
(P[err]',P[err]') is supplied to the write unit 44. 



At the time instant t[err], another load pulse is supplied by the divider
60. Thus,      the 'O'-bit stored in the location 32.2 is shifted into the
location 32.1. A delayed load pulse is      supplied to the storage
location 32.2, so that the '1'-bit is loaded in the storage location 32.2.
As a result, a 'high' output signal is supplied by the AND gate 50 so that
the generator 38.3 10  is triggered so as to generate the  pulse pair
(P[err]',P[err]'). The 2-bit word supplied to the      selection inputs of
the multiplexer 42 controls the multiplexer to select the output of the
generator 38.3 so that the pulse pair (P[err]',P[err]') is supplied to the
write unit 44. The load pulse      at the time instant t[err], supplied by
the divider 60, results in storing the 'l'-bit into the      location 32.1
and the corresponding delayed load pulse results in loading a '0'-bit into
the 15  storage location 32.2. As a result, a 'high' output signal is
supplied by the AND gate 54 so      that the generator 38.4 is triggered so
as to generate the pulse pair (P[err]',P[err]'). The 2-bit word
supplied to the selection inputs of the multiplexer 42 controls the
multiplexer to select the      output of the generator 38.4 so that the
pulse pair (P[err]',P[err]') is supplied to the write unit 44.
It will be clear that the skilled man will find possible embodiments of the
20  generators 38.1 to 38.4 very easily without any inventive ingenuity.
Whilst the present      invention has been described with respect to
preferred embodiments thereof, it is to be      understood that these are
not limitative examples. Thus, various modifications may become
apparent to those skilled in the art, without departing from the scope of
the invention. as      defined in the appended claims. As an example, the
embodiments described show the 25 generation of two pulses for each bit of
the binary signal to be written. One could have      chosen to generate
more than two pulses for each bit of the binary signal, eg. three. More
specifically, in the embodiment of figure 1, the signal as per (c) of
figure 1 could have      resulted in three positive pulses in the interval
(t[err],t[err]), one negative pulse followed by two      positive pulses in
each of the time intervals (t[err],t[err]), (t[err],t[err]), three negative
pulses in the 30 interval (t[err],t[err]) and three positive pulses in the
time interval (t[err],t[err]).         
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PCT/1B96/01166        CLAlMS            1.           Method of recording a
binary signal onto a magnetic record carrier, the method      comprises the
steps of:      (a) receiving the binary signal, the binary signal
comprising bits of a first polarity and bits of      a second polarity, the
second polarity being opposite to the first polarity,  5  (b) writing bits
of the first and the second polarity onto the record carrier, characterized
in      that the writing step comprises the step of generating at least two
write pulses for each bit to      be written, and that, when writing a
first sequence of at least two bits of the first polarity      followed by
a second sequence of at least two bits of the second polarity, the writing
step      comprising the substeps of 10  (i) generating at least two write
pulses of a third polarity for the first bit of the first polarity      in
the first sequence,      (ii) generating a write pulse of   third polarity
and a write pulse of a fourth polarity for the      at least second bit of
the first polarity occuring in the first sequence, the third polarity being
opposite to the fourth polarity, 15 (ii) generating at least two write
pulses of the fourth polarity for the first bit of the second      polarity
in the second sequence,      (iv) generating a write pulse of the third
polarity and a write pulse of the fourth polarity for      the at least
second bit of the second polarity occurring in the second sequence.      2.
The method as claimed in claim 1, characterized in that the substep (ii) 20
comprises generating a write pulse of the fourth polarity and a write pulse
of a third polarity      thereafter, for the at least second bit of the
first polarity occurring in the first sequence.      3.           The
method as claimed in claim 1 or 2, characterized in that the substep (iv)
comprises generating a write pulse of the third polarity and a write pulse
of the fourth 



polarity thereafter, for the at least second bit of the second polarity
occurring in the second 25  sequence.      4.           The method as
claimed in anyone of the preceding claims, chaacterized in that      the
substep (i) further comprses delaying the at least two write pulses of the
third polarity      generated for the first bit of the first polarity in
the first sequence.      5.           The method as claimed in anyone of
the preceding claims, characterized in that               WO 97/17697
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the substep (iii) further comprises delaying the at least two write pulses
of the fourth polarity     generated for the first bit of the second
polarity in the second sequence.     6.           Apparatus for recording a
binary signal onto a magnetic record carrier, the     apparatus comprises:
5  - input means  for receiving the binary signal, the binary signal
comprising bits of a first     polarity and bits of a second polarity, the
second polarity being opposite to the first polarity,     - writing means
for writing bits of the first and the second polarity onto the record
carrier,     characterized in that the writing means are adapted to
generate at least two write pulses for     each bit to be written, and
that, for writing a first sequence of at least two bits of the firt 10
polarity followed by a second sequence of at least two bits of the second
polarity, the writing      means comprising      - generator means for
(i) generating at least two write pulses of a third polarity for the first
bit of the first polarity      in the first sequence, 15 (ii) generating a
write pulse of the third polarity and a write pulse of a fourth polarity
for the      at least second bit of the first polarity occurring in the
first sequence, the third polarity being 



opposite to the fourth polarity,      (iii) generating at least two write
pulses of the fourth polarity for the first bit of the second      polarity
in the second sequence, 20 (iv) generating a write pulse of the third
polarity and a write pulse of the fourth polarity for      the at least
second bit of the second polarity occurring in the second sequence.      7.
The apparatus as claimed in claim 6, characterized in that the generator
means      are further adapted to generate a write pulse of the fourth
polarity and a write pulse of a      third polarity thereafter, for the at
least second bit of the first polarity occurring in the first 25 sequence.
8.           The apparatus as claimed in claim 6 or 7. characterized in
that the generator      means are further adapted to generate a write pulse
of the third polarity and a write pulse of      the fourth polarity
thereafter, for the at least second bit of the second polarity occurring in
the second sequence. 30  9.            The apparatus as claimed in anyone
of the claims 6 to 8, characterized in that      the generator means
further comprises delay means for delaying the at least two write pulses
of the third polarity generated for the first bit of the first polarity in
the first sequence.      10.        The apparatus as claimed in claim 9,
characterized in that the delay means are      further adapted to delay the
at least two write pulses of the fourth polarity generated for the 35 first
bit of the second polarity in the second sequence.    


