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©  Apparatus  for  recording  and/or  reproducing  an  electric  signal  on/from  a  magnetic  record  carrier. 

pression  or  expansion  is  effected  by  a  factor  of 
an/1  8O.(M  +  1  ),  where  n  is  the  number  of  head  pairs 
and  M  is  the  number  of  times  within  a  specific  time 
interval  that  a  head  pair  which  comes  in  contact  with 
a  record  carrier  during  said  time  interval  does  not 
record  a  signal  in  the  record  carrier,  which  time 
interval  is  defined  by  those  instants  at  which  two 
consecutive  track  pairs  are  recorded  by  one  or  two 
head  pairs. 

Moreover,  an  apparatus  is  described  for  repro- 
ducing  the  signal  recorded  by  means  of  said  record- 
ing  apparatus. 

©  An  apparatus  for  recording  an  electric  signal  (A) 
on  a  magnetic  record  carrier  (1)  comprises  at  least 
one  pair  of  write  heads  (Ki,  K2)  having  a  mechani- 
cally  rigid  coupling  to  each  other  and  arranged  on  a 
head  drum  (40).  The  record  carrier  (1)  is  wrapped 
around  the  head  drum  through  a  wrapping  angle  a. 
The  pair  of  heads  (K1  ,  K2)  writes  pairs  of  tracks  (T1  , 

T"T2;  T3,  T+;  ...)  on  the  record  carrier.  The  apparatus 
^further  comprises  a  signal  separator  (4)  for  dividing 
fwthe  electric  signal  into  consecutive  blocks,  after 
fs,  which  the  signal  blocks  having  odd  sequence  num- 
O>ber  (B1,  B3,  ...)  are  applied  to  a  first  output  (5)  and 
(Qthe  signal  blocks  having  even  sequence  number  (B2, 
^"B*...)  are  applied  to  a  second  output  (6).  In  a  time- 
W  base-correction  circuit  (7)  the  signal  blocks  (A1,  A2) 
©are  time  expanded  or  compressed,  a  Differs  from 

rt  180°.  Signal  blocks  having  odd  sequence  number 
^jare  delayed  in  time  relative  to  signal  blocks  having 

even  sequence  number  (16).  Subsequently,  the  sig- 
nal  blocks  thus  processed  are  recorded.  Time  com- 
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Apparatus  for  recording  and/or  reproducing  an  electric  signal  on/from  a  magnetic  record  carrier. 

The  known  apparatus  has  the  disadvantage 
that  during  operation  it  produces  a  high  acoustic 
noise  level,  that  only  very  dimensional  tolerances 
of  the  components  are  permissible,  and  that  some- 

5  times  the  reproduction  quality  is  not  satisfactory. 
The  invention  aims  at  mitigating  these 

drawbacks  and  therefore  proposes  an  apparatus  for 
recording  an  electric  signal  which  is  characterized 
in  that  the  write  heads  of  a  pair  of  write  heads  are 

w  are  arranged  close  to  each  other  and  have  a  me- 
chanically  rigid  coupling  to  each  other,  and  in  that 
the  time  base  correction  circuit  is  adapted  to  pro- 
vide  a  time  expansion  or  time  compression  of  the 
signal  blocks  by  a  factor  of  a.n/180.(M  +  1),  where  a 

75  is  the  wrapping  angle  of  the  record  carrier  around 
the  head  drum  and  differs  from  180°,  n  is  the 
number  of  head  pairs,  and  M  is  the  number  of 
times  within  a  specific  time  interval  that  a  head  pair 
which  comes  in  contact  with  the  record  carrier 

20  during  said  time  interval  does  not  record  a  signal  in 
the  record  carrier,  which  time  interval  is  defined  by 
those  instants  at  which  two  consecutive  track  pairs 
are  recorded  by  one  or  two  head  pairs.  The  ap- 
paratus  for  reproducing  an  electric  signal  is  char- 

25  acterized  in  that  the  read  heads  of  one  pair  of  read 
heads  are  arranged  close  to  each  other  and  have  a 
mechanically  rigid  coupling  to  each  other,  and  in 
that  the  time-base-correction  circuit  is  adapted  to 
provide  a  time  compression  or  time  expansion  of 

30  the  signal  blocks  applied  to  the  first  and  the  sec- 
ond  input  by  a  factor  of  18O.(M  +  1)/a.n,  where  a  is 
the  wrapping  angle  of  the  record  carrier  around  the 
head  drum  and  differs  from  180°,  n  is  the  number 
of  head  pairs  and  M  is  the  number  of  times  within 

35  a  specific  time  interval  that  a  head  pair  which 
comes  in  contact  with  the  record  carrier  during  said 
time  interval  does  not  read  a  signal  from  the  record 
carrier,  which  two  track  pairs  are  read  consecu- 
tively  by  one  or  two  head  pairs. 

40  As  the  heads  of  one  pair  of  read  or  write  heads 
are  arranged  at  one  location  on  the  head  drum 
these  heads  hit  against  the  record  carrier  only  once 
every  revolution  of  the  head  drum  during  recording 
and  reproduction,  which  enables  the  acoustic  noise 

45  level  to  be  reduced.  In  the  case  of  head-level 
variations  which  manifest  themselves  similarly  dur- 
ing  every  revolution  of  the  head  drum,  for  example 
as  a  result  of  wobbling  or  hunting  of  the  head 
drum,  the  tracks  written  by  the  two  heads  of  one 

so  pair  of  heads  are  yet  recorded  parallel  to  each 
other  on  the  record  carrier.  The  tracks  may  then  be 
warped.  However,  if  the  apparatus  comprises  posi- 
tioning  means  for  positioning  the  head  pair  in  a 
direction  transverse  to  the  track  said  tracks  can  still 
be  read  correctly.  Moreover,  if  the  positioning 

The  invention  relates  to  an  apparatus  for  re- 
cording  an  electric  signal  on  a  magnetic  record 
carrier  in  tracks  which  are  inclined  relative  to  the 
longitudinal  direction  of  said  record  carrier,  and  to 
an  apparatus  for  reproducing  a  signal  recorded  by 
means  of  such  a  recording  apparatus. 

European  Patent  Application  210,773  reveals  a 
recording  apparatus  as  defined  in  the  opening 
paragraph,  comprising 
-  an  input  terminal  for  receiving  the  electric  signal, 
-  a  signal  separator  having  an  input  coupled  to  the 
input  terminal,  for  dividing  the  electric  signal  into 
consecutive  blocks  having  a  specific  length  of  time 
and  for  applying  the  consecutive  blocks  to  a  first 
and  a  second  output  in  such  a  way  that  blocks 
having  odd  sequence  numbers  are  applied  to  the 
first  output  and  blocks  having  even  sequence  num- 
ber  are  applied  to  the  second  output, 
-  a  time-base-correction  circuit  which  is  construct- 
ed  to  provide  time  compression  or  time-expansion 
of  the  consecutive  blocks,  to  delay  blocks  having 
odd  sequence  number  relative  to  those  having 
even  sequence  number  and  to  supply  the  two 
signals  thus  processed  to  a  first  and  second  output 
respectively, 
-  at  least  one  pair  of  write  heads  having  different 
azimuth  angles  and  arranged  on  a  rotatable  head 
drum,  one  write  head  of  a  pair  being  arranged  to 
be  coupled  to  the  first  output  of  the  time-base- 
correction  circuit  and  the  other  write  head  of  the 
same  pair  being  arranged  to  be  coupled  to  the 
second  output  of  the  time-base-correction  circuit. 
The  two  write  heads  of  a  pair  of  write  heads  are 
regularly  spaced  along  the  drum  circumference. 
The  known  apparatus  can  also  be  used  as  a  re- 
producing  apparatus,  in  which  case  it  comprises 
-  at  least  one  pair  of  read  heads  having  different 
azimuth  angles,  and  arranged  on  a  rotatable  head 
drum, 
-  a  time-base-correction  circuit  having  a  first  and  a 
second  input  arranged  to  be  coupled  respectively 
to  one  read  head  and  to  the  other  read  head  of  the 
pair  of  read  heads,  which  correction  circuit  is  con- 
structed  to  provide  a  time  compression  or  time 
expansion  of  the  signal  biocks  applied  to  the  first 
and  the  second  input  respectively,  to  delay  the 
signal  blocks  applied  to  one  input  relative  to  those 
applied  to  the  other  input, 
-  a  signal-combination  unit  having  a  first  and  a 
second  input  and  an  output,  for  combining  the 
signal  blocks  applied  to  the  first  and  the  second 
input  in  order  to  restore  the  electric  signal  and  for 
feeding  the  electric  signal  to  the  output,  which 
output  is  coupled  to  an  output  terminal  for  sup- 
plying  the  electric  signal. 
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one  pair  of  heads  records  adjoining  tracks  on  the 
record  carrier.  For  the  parameters  n  and  M  this 
means  that  n  =  2  and  M  =  1  .  At  a  tape  speed  which 
is  twice  as  high  a  spacing  will  be  obtained  between 

5  two  tracks  recorded  directly  after  each  other  by 
one  pair  of  heads,  in  which  spacing  the  other  pair 
of  heads  can  record  exactly  one  track.  At  this 
speed  both  pairs  of  heads  consequently  record 
tracks  on  the  record  carrier.  For  the  parameters  n 

w  and  M  this  means  that  n  =  2  and  M  =  0. 
Obviously  the  same  applies  during  reproduc- 

tion.  If  during  recording  the  tracks  have  been  re- 
corded  at  the  normal  tape  speed  only  one  pair  of 
read  heads  is  used  for  reading  the  information 

75  during  reproduction.  If  during  recording  the  tracks 
have  been  recorded  at  twice  the  normal  tape  speed 
both  pairs  of  read  heads  are  used  during  reproduc- 
tion,  the  tape  speed  being  equal  to  that  during 
recording. 

20  The  information  recorded  by  the  second  pair  of 
write  heads  may  comprise  additional  information, 
for  example  the  finest  detail  of  an  encoded  video 
picture  or  an  entirely  different  signal,  or  it  enables 
a  higher  resolution  standard  to  be  adopted. 

25  Recording  or  reading  information  at  different 
tape  speeds  and  constant  speed  of  rotation  of  the 
head  drum  is  also  possible  in  the  case  of  more 
than  two  pairs  of  write  or  read  heads.  For  example, 
in  the  case  of  three  pairs  of  heads  writing  and 

30  reading  at  the  normal  tape  speed  is  effected  with 
one  write  head  or  read  head  (n  =  3  and  M  =  2), 
whilst  at  three  times  the  speed  all  the  three  heads 
are  operative  (n  =  3  and  M  =  0). 

It  is  to  be  noted  that  recording  and  reproducing 
35  a  digital  video  signal  by  means  of  at  least  one  pair 

of  heads  which  are  arranged  close  to  each  other 
and  which  have  a  mechanically  rigid  coupling  with 
each  other  is  known  and  is  described  in  the  pub- 
lication  "An  experimental  digial  video  recording 

40  system"  by  Driessen  et  al  in  IEEE  Trans,  on  CE, 
Vol.  CE-32,  No.  3,  August  1986,  pp.362-70.  How- 
ever,  in  said  system  the  video  signal  is  not  time 
compressed  or  expanded.  Neither  is  one  signal 
component  delayed  in  time  relative  to  the  other. 

45  Some  embodiments  of  the  invention  will  now 
be  described  in  more  detail,  by  way  of  example, 
with  reference  to  the  accompanying  drawings.  In 
the  drawings 

Fig.  1  shows  an  apparatus  for  recording  an 
so  electric  signal, 

Fig.  2,  in  Figs.  2a  to  2f,  shows  the  signal 
waveforms  on  various  points  in  the  apparatus  of 
Fig.  1, 

Fig.  3  shows  the  magnetic  record  carrier 
55  with  the  information  tracks  recorded  on  it  by  a  write 

head, 
Fig.  4  shows  the  construction  of  the  head 

drum, 

means  are  constructed  as  a  dynamic  tracking  sys- 
tem  only  one  actuator  is  needed,  on  which  the  pair 
of  heads  is  arranged. 

In  the  known  apparatus,  in  which  the  heads  of 
a  pair  of  write  or  read  heads  are  spaced  at  180° 
from  each  other  along  the  head  drum  circumfer- 
ence  and  which  comprises  a  dynamic  tracking  sys- 
tem,  "false  lock"  may  occur.  This  means  that 
tracks  are  sometimes  recorded  or  read  in  a  wrong 
sequence.  This  is  because  the  heads  are  not  dis- 
posed  at  the  same  level  relative  to  each  other.  Said 
false  lock  problem  does  not  occur  in  the  apparatus 
in  accordance  with  the  invention  because  the 
heads  of  a  pair  of  write  or  read  heads  are  now 
arranged  close  to  each  other  and  have  a  rigid 
mechanical  coupling  to  each  other,  said  heads  be- 
ing  arranged,  for  example,  on  one  actuator.  Con- 
sequently  a  control  system  for  maintaining  the 
heads  at  the  same  level,  as  is  required  in  the 
known  apparatus,  is  not  needed  now. 

In  a  first  embodiment  n  =  1  and  M  =  0.  This 
means  that  one  head  pair  is  arranged  on  the  head 
drum  and  records  or  reads  one  track  pair  during 
every  revolution  of  the  head  drum.  If  the  wrapping 
angle  is  smaller  than  180°  the  correction  circuit  in 
the  recording  apparatus  should  provide  a  time 
compression  of  the  signal  by  a  factor  of  a/180  and, 
consequently,  the  correction  circuit  in  the  reproduc- 
ing  apparatus  should  provide  a  time  expansion  of 
the  signal  by  a  factor  of  1807<*.  If  the  wrapping 
angle  is  larger  than  180°  the  correction  circuit  in 
the  recording  apparatus  should  provide  a  time  ex- 
pansion  of  the  signal  and  the  correction  circuit  in 
the  reproducing  apparatus  should  provide  a  time 
compression  of  the  signal. 

In  another  embodiment  n  =  1  and  M  =  1.  This 
means  that  only  one  head  pair  is  arranged  on  the 
head  drum.  This  head  pair  writes  or  reads  one 
track  pair  during  every  two  revolutions  of  the  head 
drum.  During  recording  the  signal  should  then  be 
time-compressed  by  a  factor  of  a/360  and  during 
reproduction  the  signal  must  be  time-expanded  by 
a  factor  of  360/a. 

The  apparatus  may  be  characterized  further  in 
that  it  comprises  a  second  pair  of  write  or  read 
heads  having  different  azimuth  angles  and  ar- 
ranged  on  the  rotatable  head  drum,  which  heads 
are  arranged  close  to  each  other  and  have  a  me- 
chanically  rigid  coupling  to  each  nother. 

An  apparatus  comprising  two  or  more  head 
pairs  which  are  equidistantly  spaced  along  the  cir- 
cumference  enables  information  to  be  recorded  or 
read  at  different  tape  speeds  but  with  a  constant 
speed  of  rotation  of  the  head  drum. 

An  apparatus  comprising  two  head  pairs  which 
are  180°  spaced  apart  on  the  head  drum  can 
record  at  the  "normal"  tape  speed  and  at  a  tape 
speed  which  is  twice  as  high.  In  the  first  case  only 
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delay  unit  16  in  which  the  output  signal  of  the  unit 
13  is  delayed  by  a  time  interval  r.  The  output  17  of 
the  unit  14  is  coupled  to  the  output  11  of  the 
correction  circuit  7. 

5  If  the  record  carrier  1  has  a  wrapping  angle  a 
smaller  than  180°,  for  example  90°,  the  correction 
circuit  7  should  compress  the  signals  applied  to  the 
inputs  8  and  9  in  time  by  a  factor  of  a/180.  The 
correction  circuit  7  then  comprises  units  13  and  14 

io  which  provide  a  time  compression  of  the  signals. 
Conversely,  if  a  is  larger  than  180°  the  units  13  and 
14  will  provide  a  time  expansion  of  the  signals. 

The  operation  of  the  apparatus  shown  in  Fig.  1 
will  now  be  described  with  reference  to  Figs.  2  and 

75  3. 
A  signal  A  (  =  A(t))  as  a  function  of  time,  which 

is  represented  diagrammaticaliy  in  Fig.  2a,  is  ap- 
plied  to  the  input  terminal  2  of  the  apparatus.  The 
signal  separator  4  divides  the  signal  into  consecu- 

20  tive  blocks  Bi,  B2,  B3,  ...  etc.  of  a  specific  length  of 
time  T.  Blocks  having  odd  sequence  number  are 
applied  to  the  output  5.  The  switch  18  is  then  in  the 
upper  position.  Blocks  having  even  sequence  num- 
bers  are  applied  to  the  output  6.  The  switch  18  is 

25  then  in  the  lower  position.  The  signals  A1  and  A2, 
see  Figs.  2b  and  2c  respectively,  are  then  available 
on  the  output  5  and  6  respectively.  Since  the 
wrapping  angle  a  is  larger  than  180°,  see  Fig.  4, 
the  signals  A1  and  A2  are  time-expanded  by  a 

30  factor  of  a/180  in  the  units  13  and  14.  This  results 
in  the  signals  Ai'  and  A2'  on  the  outputs  15  and 
17,  see  Figs.  2d  and  2e  respectively.  In  the  time 
delay  unit  16  the  signal  Ai'  is  delayed  by  a  time 
interval  t,  so  that  the  signal  Ai',  see  Fig.  2f,  is 

35  applied  to  the  write  head  Ki.  Consequently,  t  is 
equal  to  T.  The  signal  A2'  is  applied  to  the  write 
head  K2. 

The  blocks  Bi'  and  B2'  are  respectively  re- 
corded  in  tracks  T1  and  T2  on  the  record  carrier  1 

40  by  the  heads  K1  and  K2  respectively  more  or  less 
concurrently,  which  depends  on  the  positions  of  the 
heads  relative  to  each  other.  During  a  subsequent 
revolution  of  the  head  drum  the  blocks  B3'  and  B4 
are  respectively  recorded  in  the  tracks  T3  and  T* 

45  by  the  heads  K1  and  K2  respectively  substantially 
at  the  same  time,  see  Fig.  3. 

It  is  obvious  that  the  sequence  of  the  correc- 
tion  circuit  13  and  the  delay  unit  16  may  be  re- 
versed. 

50  It  is  also  possible  to  divide  the  signal  into  a 
serial  data  stream  of  signal  blocks  before  the 
switch  18  and  to  compress  or  to  expand  these 
signal  blocks  before  the  switch  18.  The  com- 
pressed  or  expanded  signal  blocks  are  then  ap- 

55  plied  to  the  inputs  8  and  9  of  the  unit  7  by  the 
switch  18  in  such  a  way  that  signal  blocks  having 
odd  sequence  numbers  are  fed  to  one  input  and 
signal  blocks  having  even  sequence  number  are 

Fig.  5  shows  an  apapratus  for  reproducing 
an  electric  signal, 

Fig.  6  shows  the  track  pattern  recorded  by 
the  apparatus  shown  in  Fig.  1  for  two  different 
transport  speeds  of  the  record  carrier  and 

Fig.  7  shows  the  head  drum  and  the  asso- 
ciated  track  pattern  for  an  apparatus  comprising 
two  pairs  of  heads. 

Fig.  1  shows  diagrammaticaliy  an  apparatus  for 
recording  an  electric  signal,  for  example  a  digital 
video  signal  on  a  magnetic  record  carrier  1.  The 
apparatus  comprises  an  input  terminal  2  to  which 
the  electric  signal  can  be  applied.  The  input  termi- 
nal  2  is  coupled  to  an  input  3  of  a  signal  separator 
4.  The  signal  separator  is  intended  for  dividing  the 
electric  signal  applied  to  the  input  3  into  consecu- 
tive  blocks  of  a  specific  length  of  time  and  for 
applying  these  consecutive  blocks  to  a  first  output 
5  and  a  second  output.  Blocks  having  odd  se- 
quence  number  are  applied  to  the  output  5.  Blocks 
having  even  sequence  numbers  are  applied  to  the 
output  6.  The  signal  separator  4  may  be  con- 
structed  as  a  switch  18.  A  time-base-correction 
circuit  7  has  two  inputs  8  and  9  coupled  to  the 
respective  output  5  and  6  of  the  separator  4  and 
two  outputs  10  and  11  coupled  to  the  write  heads 
K1  and  K2  respectively.  The  write  heads  K1  and  K2 
constitute  a  pair  of  heads  having  a  mechanically 
rigid  coupling  to  each  other,  see  Figs.  3  and  4,  and 
arranged  close  to  each  other  at  a  location  along  the 
circumference  of  a  head  drum  40,  see  Fig.  4.  The 
heads  have  different  azimuth  angles.  The  time 
base  correction  circuit  7  is  constructed  to  provide  a 
time  compression  or  expansion  of  the  signal  blocks 
applied  to  the  inputs  8  and  9  and  to  delay  the 
signal  blocks  applied  to  one  input  (in  the  present 
case  the  input  8)  relative  to  these  applied  to  the 
other  input  (input  9)  by  a  specific  time  interval  r.  In 
fact  t  is  half  the  revolution  period  of  the  head  drum 
for  n  =  1  . 

Depending  on  the  parameters  a  (the  wrapping 
angle),  n  (the  number  of  head  pairs)  and  M  the 
correction  circuit  7  should  provide  a  time  expan- 
sion  or  compression  of  both  signals  by  a  factor  of 
a.n/180.(M  +  1).  The  correction  circuit  7  then  com- 
prises  two  expansion  or  compression  units  13  and 
14  respectively,  which  expand  or  compress  the 
signals  applied  to  the  inputs  8  and  9  in  time.  M  is 
the  number  of  times  within  a  specific  time  interval 
that  one  or  two  head  pairs  come  in  contact  with  the 
record  carrier,  whithout  a  signal  being  recorded  in 
the  record  carrier.  The  time  interval  is  defined  by 
those  instants  at  which  one  head  pair  records  two 
consecutive  track  pairs.  In  the  present  embodiment 
n  =  1  and  M  =  0.  The  output  15  of  the 
expansion/compression  unit  13  is  connected  to  the 
output  10  of  the  correction  circuit  7  via  a  signal 
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If  in  such  an  RDAT  recorder  the  two  heads  are 
closely  spaced  to  each  other  and  coupled  to  each 
other  in  a  mechanically  rigid  manner,  so  as  to 
obtain  a  construction  as  shown  in  Fig.  3,  it  is 
possible  to  process  the  normal  RDAT  format  track 
pattern  on  the  record  carrier  (n  =  1  and  M  =  1)  by 
reading  (or  writing)  only  once  every  two  revolu- 
tions. 

Such  a  recording  apparatus  enables  a  signal 
with  a  bit  rate  which  is  a  factor  of  2  higher  than  that 
applied  to  the  input  terminal  to  be  recorded  on  the 
record  carrier,  namely  by  increasing  the  speed  of 
transport  of  the  record  carrier  by  a  factor  of  2  (see 
Fig.  6b)  and  by  recording  once  every  revolution 
(n  =  1  and  M  =  0),  see  the  track  pattern  in  Fig.  7. 
The  constructional  parameters  and  the  channel 
electronics  can  be  the  same  because  the  bit  rate  of 
the  signal  which  is  effectively  recorded  in  fact 
remain  the  same. 

Obviously,  the  same  applies  to  the  reproduc- 
tion  process. 

It  is  also  possible  to  provide  a  recording  or 
reproducing  apparatus  in  accordance  with  the  in- 
vention  with  two  or  more  pairs  of  write/read  heads 
which  are  mechanically  coupled  to  each  other  in  a 
rigid  manner.  Such  a  construction  has  special  ad- 
vantages  because  it  is  then  possible  to  record  and 
read  at  different  speeds. 

Fig.  6a  again  shows  the  track  pattern  as  re- 
corded  on  the  record  carrier  1  by  the  apparatus 
shown  in  Fig.  1  at  a  normal  tape  speed  Vo.  If  it  is 
assumed  that  the  tape  speed  has  been  twice  as 
high,  the  same  information,  i.e.  the  complete  signal 
A  in  Fig.  2a,  will  be  recorded  on  the  record  carrier 
by  means  of  the  heads  Ki  and  K2  in  a  pattern  as 
shown  in  Fig.6b.  In  fact,  a  spacing  is  now  formed 
between  the  pairs  of  tracks  T1,  T2  and  T3,  T+  in 
which  spacing  additional  information  may  be  re- 
corded.  If  the  tape  speed  is  2Vo,  the  spacing  will 
be  so  large  that  exactly  two  tracks  can  be  recorded 
on  the  record  carrier  by  means  of  a  second  pair  of 
rigidly  mechanically  coupled  heads  K3  and  K4.,  see 
Fig.  7,  which  are  arranged  exactly  opposite  the  first 
pair  of  heads  K1  ,  K2  on  the  head  drum. 

Fig.  7  clearly  shows  that  two  tracks  T1  ',  T2'  are 
recorded  between  the  pairs  of  tracks  T1,  T2  and 
T3,  T4  by  means  of  the  heads  K3  and  K4. 

The  information  recorded  in  the  tracks  T1  ,  T2 
is  the  additional  information.  This  information  may 
represent  for  example,  the  finest  details  of  an  en- 
coded  video  picture  or  it  enables  a  higher  resolu- 
tion  standard  to  be  used. 

Thus  a  recording  and/or  reproducing  apparatus 
comprising  two  pairs  of  heads  can  be  operated  in 
two  ways. 

In  the  case  of  a  normal  transport  speed  Vo  this 
apparatus  will  operate  as  described  with  reference 
to  Figs.  1  to  5.  Only  one  pair  of  heads  is  used  for 

fed  to  the  other  input  of  the  unit  7.  In  this  case  the 
unit  7  only  comprises  the  time  delay  means  16. 

Fig.  5  shows  an  apparatus  for  reading  the 
electric  signal  from  the  record  carrier  1  in  Fig.  3. 
The  apparatus  comprises  a  pair  of  read  heads  K1  5 
and  K2,  see  Fig.  3,  which  have  a  mechanically  rigid 
coupling  with  each  other  and  which  are  arranged 
close  to  one  another  on  a  rotatable  head  drum  40. 
These  heads  are  coupled  to  inputs  50  and  51  of  a 
time  base  correction  circuit  52.  Two  outputs  53  and  10 
54  of  the  circuit  52  are  coupled  to  inputs  55  and  56 
respectively  of  a  signal  combination  unit  57,  which 
has  an  output  58  coupled  to  the  output  terminal  59. 
The  wrapping  angle  a  of  the  record  carrier  1  ar- 
ound  the  head  drum  40  is  again  assumed  to  be  75 
larger  than  180°,  see  Fig.  4. 

The  apparatus  shown  in  Fig.  5  should  process 
the  signal  read  from  the  record  carrier  1  in  a 
manner  which  is  the  inverse  of  the  signal  process- 
ing  by  means  of  the  apparatus  shown  in  Fig.  1.  20 
Since  the  heads  K1  and  K2  of  the  apparatus  shown 
in  Fig.  5  scan  the  same  tracks  as  those  recorded 
by  the  heads  K1  and  K2  of  the  apparatus  shown  in 
Fig.  1  this  means  that  the  signal  A2'  read  by  the 
head  K2  (from  the  tracks  T2,  T*,  Ts,  ...  etc.)  should  25 
now  be  delayed  by  said  time  interval  t.  This  is 
effected  in  the  time  delay  unit  60  of  the  correction 
circuit  52.  The  correction  circuit  further  comprises 
time-compression  units  61  and  62  in  which  the 
signals  read  by  the  heads  K1  and  K2  are  time-  30 
compressed.  The  blocks  B1,  B2,  B3,  ...  at  the 
outputs  53  and  54  then  again  have  a  length  T  and 
are  now  situated  correctly  relative  to  one  another 
along  the  time  axis.  By  setting  the  switch  63  in  the 
combination  unit  57  from  the  upper  position  to  the  35 
lower  position  and  vice  versa  the  original  electric 
signal  is  restored,  and  is  available  on  the  output 
terminal  59. 

If  the  signals  A1  and  A2  have  been  com- 
pressed  during  recording  because  the  wrapping  40 
angle  a  is  smaller  than  1  80°,  the  signals  read  from 
the  record  carrier  will  have  to  be  expanded  in  the 
units  61  and  62  in  order  to  recover  the  original 
signal. 

Moreover,  it  is  obvious  that  the  sequence  of  45 
the  delay  means  60  and  the  unit  62  may  be  re- 
versed.  The  blocks,  which  then  take  the  form  of  a 
serial  data  stream,  may  now  again  be  time-com- 
pressed  after  the  switch  63. 

An  apparatus  in  accordance  with  the  invention  50 
comprising  one  pair  of  closely  spaced  heads  with  a 
mechanically  rigid  coupling  is  also  capable  of  read- 
ing  record  carriers  recorded  by  means  of  the 
present  RDAT  recorders. 

RDAT  recorders  have  two  heads  which  are  55 
arranged  diametrally  opposite  one  another  on  the 
head  drum.  The  record  carrier  is  wrapped  around 
the  head  drum  through  an  angle  of  90°  or  135°. 
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odd  sequence  number  relative  to  those  having 
even  sequence  number  and  to  supply  the  two 
signals  thus  processed  to  a  first  and  second  output 
respectively, 

5  -  at  least  one  pair  of  write  heads  having  different 
azimuth  angles  and  arranged  on  a  rotatable  head 
drum,  one  write  head  of  a  pair  being  arranged  to 
be  coupled  to  the  first  output  of  the  time-base- 
correction  circuit  and  the  other  write  head  of  the 

10  same  pair  being  arranged  to  be  coupled  to  the 
second  output  of  the  time-base-correction  circuit, 
characterized  in  that  the  write  heads  of  one  pair  of 
write  heads  are  arranged  close  to  each  other  and 
have  a  mechanically  rigid  coupling  to  each  other, 

75  and  in  that  the  time  base  correction  circuit  is  adapt- 
ed  to  provide  a  time  expansion  or  time  compres- 
sion  of  the  signal  blocks  by  a  factor  of  a.n/180.- 
(M  +  1),  where  a  is  the  wrapping  angle  of  the 
record  carrier  around  the  head  drum  and  differs 

20  from  180°,  n  is  the  number  of  head  pairs,  and  M  is 
the  number  of  times  within  a  specific  time  interval 
that  a  head  pair  which  comes  in  contact  with  the 
record  carrier  during  said  time  interval  does  not 
record  a  signal  in  the  record  carrier,  which  time 

25  interval  is  defined  by  those  instants  at  which  two 
consecutive  track  pairs  are  recorded  by  one  or  two 
head  pairs. 

2.  An  apparatus  as  claimed  in  Claim  1,  char- 
acterized  in  that  the  time-base-correction  circuit 

30  has  a  first  and  a  second  input,  respectively  coupled 
to  the  first  and  the  second  output  of  the  signal 
separator  for  receiving  signal  blocks  having  odd 
sequence  numbers  and  even  sequence  numbers 
respectively. 

35  3.  An  apparatus  for  reproducing  an  electric 
signal  from  tracks  on  a  magnetic  record  carrier, 
which  tracks  are  inclined  relative  to  the  longitudinal 
direction  of  said  record  carrier,  which  electric  signal 
has  been  recorded  by  means  of  the  apparatus  as 

40  claimed  in  Claim  1  or  2,  comprising 
-  at  least  one  pair  of  read  heads  having  different 
azimuth  angles,  and  arranged  on  a  rotatable  head 
drum, 
-  a  time-base-correction  circuit  having  a  first  and  a 

45  second  input  arranged  to  be  coupled  respectively 
to  one  read  head  and  to  the  other  read  head  of  the 
pair  of  read  heads,  which  correction  circuit  is  con- 
structed  to  provide  a  time  compression  or  time 
expansion  of  the  signal  blocks  applied  to  the  first 

so  and  the  second  input  respectively,  to  delay  the 
signal  blocks  applied  to  one  input  relative  to  those 
applied  to  the  other  input, 
-  a  signai-combination  unit  having  a  first  and  a 
second  input  and  an  output,  for  combining  the 

55  signal  blocks  applied  to  the  first  and  the  second 
input  in  order  to  restore  the  electric  signal  and  for 
feeding  the  electric  signal  to  the  output,  which 
output  is  coupled  to  an  output  terminal  for  sup- 

recording  and/or  reading  the  information  (n  =  2  and 
M  =  1). 

In  the  case  of  a  speed  of  transport  equal  to 
2Vo  both  pairs  of  heads  are  used  for  recording 
and/or  reading  the  information  (n  =  2  and  M  =  0). 
Each  pair  of  heads  again  functions  as  described 
with  reference  to  Figs.  1  to  5.  The  heads  Ki  and  K2 
record  and/or  read  the  information  of  Fig.  2a.  The 
heads  K3  and  K*  record  and/or  read  additional 
information  as  stated  above. 

It  is  also  possible  to  record  a  different  type  of 
information  in  the  tracks  T1'  and  T2'.  For  example, 
if  in  the  tracks  T1,  T2,  T3,  T*,  ...  etc.  video  informa- 
tion  is  recorded  it  is  possible  to  record  audio 
information  in  the  tracks  T1  ,  T2  ,  ...  etc. 

It  is  to  be  noted  that  the  scope  of  the  invention 
is  not  limited  to  the  embodiments  shown  herein. 
The  invention  also  relates  to  apparatuses  which 
differ  from  the  embodiments  shown  herein  in  re- 
spects  which  are  not  relevant  to  the  present  inven- 
tion.  For  example,  said  one  or  more  pairs  of  heads 
may  each  be  provided  with  positioning  means  for 
positioning  a  pair  of  heads  in  a  direction  transverse 
to  the  tracks.  This  may  mean  that  the  tape  trans- 
port  is  controlled  in  such  a  way  that  one  pair  of 
heads  is  positioned  exactly  at  the  appropriate  adja- 
cent  tracks.  Another  possibility  is  to  arrange  one 
pair  of  heads  on  a  piezoelectric  actuator  and  to 
control  the  piezoelectric  actuator  in  such  a  way  that 
the  pair  of  heads  is  positioned  exactly  at  the  appro- 
priate  pair  of  adjacent  tracks. 

It  is  alternatively  possible  to  record  or  read  for 
example  audio  information  at  a  tape  transport 
speed  of  Vo  by  means  of  one  head  pair  K1,  K2 
once  every  two  revolutions  and  to  record  or  read 
video  information  at  a  tape  transport  speed  of  4V0 
by  means  of  the  head  pairs  K1,  K2  and  K3,  K* 
during  every  revolution. 

Claims 

1  .  An  apparatus  for  recording  an  electric  signal 
on  a  magnetic  record  carrier  in  tracks  which  are 
inclined  relative  to  the  longitudinal  direction  of  said 
record  carrier,  comprising 
-  an  input  terminal  for  receiving  the  electric  signal, 
-  a  signal  separator  having  an  input  coupled  to  the 
input  terminal,  for  dividing  the  electric  signal  into 
consecutive  blocks  having  a  specific  length  of  time 
and  for  applying  the  consecutive  blocks  to  a  first 
and  a  second  output  in  such  a  way  that  blocks 
having  odd  sequence  numbers  are  applied  to  the 
first  output  and  blocks  having  even  sequence  num- 
ber  are  applied  to  the  second  output, 
-  a  time-base-correction  circuit  which  is  construct- 
ed  to  provide  time  compression  or  time-expansion 
of  the  consecutive  blocks,  to  delay  blocks  having 
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plying  the  electric  signal, 
characterized  in  that  the  read  heads  of  one  pair  of 
read  heads  are  arranged  close  to  each  other  and 
have  a  mechanically  rigid  coupling  to  each  other, 
and  in  that  the  time-base-correction  circuit  is  adapt-  5 
ed  to  provide  a  time  compression  or  time  expan- 
sion  of  the  signal  blocks  applied  to  the  first  and  the 
second  input  by  a  factor  of  18O.(M  +  1)/a.n,  where  a 
is  the  wrapping  angle  of  the  record  carrier  around 
the  head  drum  and  differs  from  180°,  n  is  the  w 
number  of  head  pairs  and  M  is  the  number  of 
times  within  a  specific  time  interval  that  a  head  pair 
which  comes  in  contact  with  the  record  carrier 
during  said  time  interval  does  not  read  a  signal 
from  the  record  carrier,  which  time  interval  is  de-  75 
fined  by  those  instants  at  which  two  track  pairs  are 
read  consecutive  by  one  or  two  head  pairs. 

4.  An  apparatus  as  claimed  in  Claim  3,  char- 
acterized  in  that  the  time-base-correction  circuit 
has  a  first  and  a  second  output,  respectively  coup-  so 
led  to  the  first  and  the  second  input  of  the  signal 
combination  unit,  for  applying  the  signal  blocks 
applied  to  the  first  and  the  second  input  to  the  first 
and  the  second  output  respectively  after  said  signal 
blocks  have  been  processed  in  the  time  base  cor-  2s 
rection  circuit. 

5.  An  apparatus  as  claimed  in  any  one  of  the 
preceding  Claims,  characterized  in  that  n  =  1  and 
M  =  0. 

6.  An  apparatus  as  claimed  in  any  one  of  the  30 
preceding  Claims,  characterized  in  that  n  =  1  and 
M  =  1. 

7.  An  apparatus  as  claimed  in  any  one  of  the 
preceding  Claims,  characterized  in  that  the  appara- 
tus  comprises  positioning  means  for  positioning  the  35 
read  or  write  heads  of  one  pair  of  heads  in  a 
direction  transverse  to  the  track. 

8.  An  apparatus  as  claimed  in  Claim  7,  char- 
acterized  in  that  for  the  purpose  of  positioning  the 
pair  of  heads  is  arranged  on  an  actuator.  40 

9.  An  apparatus  as  claimed  in  any  one  of  the 
preceding  Claims,  characterized  in  that  the  rotat- 
able  head  drum  carries  a  second  pair  of  write  or 
read  heads  having  different  azimuth  angles,  ar- 
ranged  close  to  each  other,  and  having  a  mechani-  45 
cally  rigid  coupling  to  each  other. 

10.  An  apparatus  as  claimed  in  Claim  9,  char- 
acterized  in  that  the  two  pairs  of  heads  are  180° 
spaced  apart  on  the  head  drum. 

50 

55 
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