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•scription 

jckground  of  the  invention 
Technical  field  of  the  invention 
This  invention  relates  to  apparatus  for  reading  5 
formation  recorded  on  a  magnetic  tape. 

Description  relative  to  the  prior  art 
A  requirement  for  recording  high-frequency 
gnals  on  magnetic  tape  is  that  the  tape  move  at  10 
high  speed  relative  to  a  magnetic  record  head, 
immonly  called  the  head-to-tape  scanning 
jeed.  In  the  prior  art  at  high  scanning  speed  is 
armally  achieved  by  rotating  a  magnetic  record 
sad  at  a  relatively  high  speed  at  an  angle  other  15 
lan  0°  relative  to  the  transporting  of  the  tape.  In 
lis  manner  the  magnetic  head  records  infor- 
lation  along  a  series  of  parallel  slant  tracks 
xtending  across  the  tape  from  edge  to  edge.  By 
a  moving  the  magnetic  head,  a  high  head-to-  20 
ipe  scanning  speed  is  achieved  without  moving 
le  tape  itself  at  a  high  speed.  Thus,  high-fre- 
uency  information  can  be  recorded  without  con- 
uming  an  excessive  amount  of  tape. 
When  the  recorded  information  is  read  from  the  25 

jpe,  a  playback  head  has  to  follow  the  recorded 
■acks  exactly  as  they  are  put  on  the  tape.  This 
squires  that  the  speed  and  direction  of  the 
layback  head  are  controlled  synchronously  with 
ape  playback  speed  and  tape  direction,  respec-  30 
ively. 

It  is  frequently  desirable  to  play  back  the  mag- 
letic  tape  at  a  speed  that  is  higher  than  the  tape 
peed  during  recording,  in  order  to  quickly  find  a 
•articular  passage  or  one  or  more  specific  35 
ecords.  This  is,  however,  difficult  with  slant-track 
iquipment  employing  a  conventional  wire- 
vound  magnetic  read  head  in  which,  for  the  high 
requency  recording,  the  regular  recording  and 
)layback  speed  may  already  be  on  the  order  of  40 
he  upper  limit  of  the  capability  of  the  equipment. 
:or  example,  information  at  frequencies  on  the 
jrder  of  three  megahertz  can  at  modern  packing 
Jensities  be  recorded  at  a  head-to-tape  speed  of 
tie  order  of  about  250  centimeters  per  second.  A  45 
:ape  playback  speed  on  the  order  of  fifteen  times 
:he  tape  recording  speed  would,  for  instance,  be 
desirable.  In  this  example,  a  playback  speed  on 
■he  order  of  3750  centimeters  per  second  would 
De  required.  From  a  mechanical  point  of  view,  this  so 
is  well  within  the  mechanical  capabilities  of,  say,  a 
rotary  head  form  of  tape  transport. 

However,  an  increase  of  normal  operating 
speed  for  playback  purposes  results  in  a  corre- 
sponding  increase  of  playback  frequency.  For  55 
instance,  when  the  high  frequency  band-edge  of 
the  magnetically  recorded  information  is  three 
megahertz,  then  playback  at  fifteen  times  normal 
head-to-tape  speed  results  in  an  increase  of  the 
upper  band-edge  frequency  to  45  megahertz.  60 

The  conventional  wire-wound  magnetic  read 
heads  are  incapable  of  functioning  satisfactorily 
at  such  elevated  frequencies,  particularly  in  view 
of  eddy  current  losses  in  the  core  structure  and 
self-resonant  problems  in  the  windings.  This,  in  65 

dULÎ C,  QCVCICiy  11  1  î v̂ vû vj,  ii  '  ■  w  1 
any  instances  a  searching  of  recorded  infor- 
ation  at  a  speed  that  is  significantly  higher  than 
e  normal  operating  speed,  when  such  operating 
>eed  is  already  close  to  the  existing  capability  of 
ayback  equipment,  notably  of  a  conventional 
agnetic  playback  head. 
Magneto-optic  transducers  are  known  in  the 
•ior  art  for  reading  information  recorded  on 
agnetic  tape.  A  particular  advantage  of  a  trans- 
jeer  of  this  type  is  its  ability  to  resolve  particu- 
rly  small  dimensions  of  tape  magnetization.  For 
cample,  U.S.  Patent  No.  3,665,431  discloses  a 
araday-effect  magneto-optic  transducer  that 
lay  resolve  a  dimension  of  magnetization  on  the 
rder  of  only  .02  of  a  micrometer  (urn). 
However,  prior  art  magneto-optic  transducers 

ave  been  primarily  of  a  stationary  form.  Accord- 
igly,  magnetic  playback  techniques  employing  a 
lagneto-optic  transducer  have  been  limited  to 
sading  information  recorded  in  a  longitudinal 
)rmat,  i.e.  information  along  a  track  parallel  to 
ie  length  of  the  tape,  as  only  the  tape  is  moving 
nd  the  transducer  is  stationary.  Longitudinal 
scording  is  generally  limited  to  relatively  low 
canning  speeds  so  as  not  to  consume  an  exces- 
ive  amount  of  tape.  Thus,  longitudinal  recording 
s  normally  restricted  to  low-frequency  applica- 
ons,  such  as  audio  recording. 
IBM  Technical  Disclosure  Bulletin,  Vol.  16,  No. 

1,  published  April  1974,  discloses  a  magneto- 
iptic  device  of  rotary  form,  for  read  out  of 
iformation  recorded  on  a  magnetic  tape  which  is 
lelically  wrapped  around  a  mandrel.  A  circum- 
erential  strip  of  magneto-optic  material  is  coated 
in  a  surface  of  a  ring  prism,  such  surface  being 
:oplanar  with  the  surface  of  the  mandrel.  Mag- 
letization  from  the  magnetic  tape  transfers  to  the 
nagneto-optic  material  as  the  tape  moves  around 
he  mandrel.  A  rotor  having  light-scanning  and 
ight-directing  optics  is  mounted  for  rotation 
nside  the  mandrel.  The  light-scanning  optics 
iweep  a  beam  of  plarized  light  in  a  circular 
jiretftion  along  the  strip  of  magneto-optic 
naterial,  and  the  light-directing  optics  direct  light 
effected  from  the  strip  through  an  open  end  of 
:he  rotor. 

In  the  magneto-optic  apparatus  disclosed  in  the 
BM  bulletin,  light  reflected  from  the  magneto- 
jptic  material  is  modulated  because  of  the  Kerr 
affect,  with  the  modulation  corresponding  to  the 
magnetization  transferred  to  the  strip.  A  dis- 
advantage  of  a  Kerr-effect  magneto-optic  device, 
rotary  or  stationary  form,  is  that  linear  resolution 
of  the  magnetic  record  is  limited  by  the  width  of 
the  light  beam  reflected  off  the  magneto-optic 
material.  A  light  beam  having  a  cross-section  on 
the  order  of  a  few  micrometers  is  the  smallest 
beam  possible.  Accordingly,  a  magneto-optic 
transducer  of  the  Kerr  type  limits  the  smallest 
possible  dimension  of  magnetization  that  can  be 
resolved,  which  thereby  can  restrict  the  high 
frequency  response  of  the  transducer. 
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summary  of  the  invention 
In  view  of  the  foregoing,  an  object  of  the 

nvention  is  to  overcome  the  aforementioned 
esolution  problem  of  rotary  magneto-optic  trans- 
ducer  apparatus  and,  in  so  doing,  provide 
mproved  magneto-optic  apparatus  for  reproduc- 
ng  high-frequency  information. 

The  object  of  the  invention  is  achieved  with 
:araday-effect  magneto-optic  transducer 
apparatus  of  a  rotating  form.  The  magneto-optic 
apparatus  comprises  a  first  movable  light-direct- 
ing  means  for  scanning  an  entering  beam  of 
polarized  light  along  an  operational  path.  A 
second  light-directing  means,  synchronously 
movable  with  the  first  light-directing  means  in 
association  with  the  optical  path,  is  arranged  for 
receiving  entering  light  to  form  a  beam  of 
polarized  light  exiting  the  transducer  apparatus.  A 
relatively  thin  planar  element  of  magneto-optic 
material  is  interposed  between  the  first  light- 
directing  means  and  the  second  light-directing 
means  adjacent  an  information-bearing  surface  of 
a  magnetic  storage  device,  for  influence  by  a 
magnetic  field  that  is  capable  of  varying  the  light 
transmission  property  of  the  planar  element. 
-  In  accordance  with  the  invention,  the  planar 
element  of  magneto-optic  material  is  positioned 
transverse  to  the  entering  beam  of  polarized  light 
with  opposing  surfaces  of  the  planar  element 
being  adjacent  respectively  the  first  light-direct- 
ing  means  and  the  second  light-directing  means, 
to  cause  entering  light  scanned  along  the  oper- 
ational  path  by  the  first  light-directing  means  to 
be  received  by  the  second  light-directing  means 
after  transmission  through  the  element.  With  this 
arrangement  of  the  magneto-optic  material,  the 
beam  of  light  exiting  the  transducer  apparatus  is 
modulated  with  respect  to  the  entering  beam  of 
light  because  of  the  Faraday  magneto-optic  effect. 

Because  the  entering  light  is  transmitted 
through  the  magneto-optic  material,  the  linear 
resolving  power  of  the  transducer  apparatus  is 
related  to  the  thickness  of  the  planar  element. 
Accordingly,  the  resolving  power  of  the  trans- 
ducer  can  be  on  the  order  of  a  fraction  of  a 
micrometer,  as  exemplified  by  the  aforemen- 
tioned  U.S.  Patent  No.  3,665,431. 

A  further  advantage  of  the  invention  is  that  the 
sensitivity  of  the  planar  element  to  magnetization 
from  the  magnetic  storage  device  is  also  related 
to  the  thickness  of  the  magneto-optic  material. 
Thus,  the  sensitivity  of  the  planar  element  to 
magnetization  can  be  controlled  by  precisely  con- 
trolling  the  thickness  of  the  magneto-optic 
element. 

The  invention  will  become  more  apparent  in  the 
detailed  description  of  a  preferred  embodiment 
presented  below. 

Description  of  the  drawing 
In  the  detailed  description  of  a  preferred 

embodiment  of  the  invention  presented  below, 
reference  is  made  to  the  accompanying  drawing, 
in  which: 

Fig.  1  is  a  side  view  of  a  magneto-optic  trans- 

ducer,  according  to  a  preferred  embodiment  ot 
the  subject  invention,  for  scanning  magnetic 
tape; 

Fig.  2  is  a  detail  view  of  the  magneto-optic 
s  transducer  used  in  the  apparatus  of  Fig.  1,  with 

adjacent  parts  broken  away;  and 
Fig.  3  is  a  view  taken  on  the  line  3—3  in  Fig.  2, 

with  adjacent  parts  being  omitted. 

w  Detailed  description  of  a  preferred  embodiment 
Apparatus  for  magnetically  recording  infor- 

mation  in  a  slant  track  format  is  well  known  in  the 
prior  art  as  quad-head  and  helical  recorder 
apparatus.  The  following  description  is  directed  in 

15  particular  to  playback  apparatus  forming  part  of, 
or  cooperating  directly  with,  magneto-optic  trans- 
ducer  apparatus  in  accordance  with  the  present 
invention,  for  reading  information  recorded  on 
magnetic  tape  in  a  slant  track  format.  Magnetic 

20  playback  apparatus  not  specifically  shown  or 
described  may  take  various  forms  well  known  to 
those  skilled  in  the  art. 

One  way  of  carrying  out  the  invention  is 
described  in  detail  below  with  reference  to  a 

25  drawing,  which  illustrates  only  one  specific 
embodiment.  Referring  to  Fig.  1,  an  optical  scan- 
ner  10  has  a  cylindrical  drum  member  12 
mounted  on  a  baseplate  13.  The  drum  member  12 
may  be  of  a  conventional  type  now  used  in  video 

30  tape  helical  recorder  and  playback  equipment  for 
recording  and  reading  information,  respectively, 
along  a  series  of  parallel  slant  tracks,  which  are  at 
a  relatively  sharp  angle  to  the  edge  of  the  tape. 
The  peripheral  surface  of  drum  member  12  has  a 

35  circumferential  gap  14  in  parallel  with  the  base- 
plate  13.  A  scanner  wheel  16  is  mounted  in 
alignment  with  the  gap  14  for  rotation  in  a  plane 
of  operation  15. 

Magnetic  tape  18  is  unwound  from  a  roll  19  on  a 
40  reel  21  by  a  capstan  22  which  extends  through  a 

bearing  23  in  the  baseplate  13  and  is  rotated  by  a 
drive  motor  24  in  the  direction  of  the  arrow  25. 
The  tape  thereupon  moves  in  the  direction  of 
arrow  26  to  the  drum  member  12.  A  guide  pin  27 

45  guides  the  tape  18  against  the  peripheral  surface 
of  the  drum  member  12. 

An  arrow  28  indicates  how  the  tape  18  travels 
around  the  drum  member  12  to  be  further  guided 
by  a  pin  29  located  in  the  vicinity  of  the  pin  27.  The 

so  tape  18  is  therefore  partially  wrapped  around  the 
surface  of  the  member  12  as  the  tape  is  trans- 
ported  between'  the  pin  27  and  the  pin  29.  The 
tape  is  thereupon  transported  in  the  direction  of 
arrow  31  by  the  capstan  22  and  is  taken  up  by  a 

55  reel  (not  shown)  which  is  similar  to  the  supply 
reel  21. 

It  is  noted  that  an  angle  alpha  (a)  is  shown  in 
Fig.  1.  Alpha  (a)  is  the  angle  between  the  plane  15 
and  the  longitudinal  axis  of  the  tape  18  at  the 

60  point  where  the  tape  18  intersects  the  plane  15. 
The  angle  a  is  other  than  0°  and  is  made  possible 
by  the  illustrated  arrangement  of  the  guide  pins 
27  and  29  and  the  manner  in  which  the  tape  is 
driven  by  the  capstan  22.  For  the  purpose  of 

65  clarity  of  illustration,  brackets  for  mounting  the 

4 
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iide  pins  27  and  23  have  not  Deen  snown. 
camples  of  these,  as  well  as  of  other  guide 
eans  for  facilitating  the  illustrated  travel  of  the 
pe  relative  to  a  scanner  wheel,  have  extensively 
sen  published  in  existing  literature  on  video  tape 
jiical  recorders.  The  aforementioned  quad-head 
icorder  apparatus,  which  is  used  extensively  in 
ie  broadcast  industry,  uses  a  somewhat  different 
■rangement  for  moving  magnetic  tape  and  a 
:anner  wheel  to  each  other. 
A  head  drive  motor  33  rotates  the  scanner 
heel  16.  A  control  34  correlates  the  operation  of 
ie  motors  24  and  33  so  that  the  scanner  wheel  16 
rid  capstan  22  are  rotated  in  appropriate  direc- 
ons  and  at  predetermined  rates.  So  that  the 
'heel  16  moves  at  a  speed  relative  to  the  speed  of 
ie  tape  18,  to  produce  an  appropriate  scanning 
peed  without  moving  the  tape  itself  at  high 
peed,  the  rotation  of  the  wheel  16  is  in  a  direction 
component  of  which  is  opposite  to  the  tape 

ansport  direction.  A  control  of  a  type  conven- 
onally  employed  with  tape  and  head  drives  in 
ideo  tape  recording  and  other  slant  track 
ystems,  may  be  used  at  34  in  controlling  the 
station  of  the  scanner  wheel  16  and  the  advance 
f  the  tape  18. 
The  wheel  16  is  part  of  a  scanner  36  having  a 

ollow  shaft  37  for  mounting  and  rotating  the 
/heel.  A  symbolically  illustrated  bearing  38, 
imilar  to  the  capstan  bearing  23,  is  shown  for 
otatably  mounting  the  shaft  37  on  the  baseplate 
3. 
A  preferred  embodiment  of  magneto-optic 

ransducer  apparatus  of  a  rotating  form  constitut- 
ng  the  subject  invention  is  shown  in  Fig.  2.  A  first 
iptical  fiber  41  extends  from  the  gap  14  partially 
ilong  the  plane  of  operation  15  of  the  wheel  16. 
fhe  fiber  41  is  then  routed  along  the  hollow  shaft 
S7,  which  forms  an  axis  39  of  the  wheel  16  and 
.canner  36. 

The  preferred  embodiment  further  includes  a 
second  optical  fiber  42,  which  also  extends  from 
he  gap  14  along  the  plane  15.  The  fiber  42  is  then 
outed  through  the  hollow  shaft  37  along  the  axis 
39  in  a  direction  opposite  that  of  the  fiber  41,  as 
shown  in  Fig.  2.  One  or  more  spacers  43  may  be 
smployed  for  mounting  the  first  optical  fiber  41  in 
the  hollow  shaft  37,  while  spacers  44  and  45  may 
be  employed  for  mounting  the  second  fiber  42  in 
the  hollow  shaft  37.  The  head  drive  33  and 
scanner  36  are  thus  capable  of  jointly  rotating  the 
first  and  second  optical  fibers  41  and  42  in  a 
circular  path  at  gap  14  about  the  axis  39. 

A  magneto-optic  element  55  is  inserted 
between  ends  of  the  fibers  41  and  42,  which  are 
aligned  end-to-end  at  the  gap  14,  as  shown  in  Fig. 
3.  Because  magnetization  in  the  tape  18  induces 
magnetism  in  the  magneto-optic  element  55  only 
a  short  distance  from  the  tape,  the  ends  of  the 
fibers  41  and  42  and  the  element  55  are  thus 
positioned  precisely  on  the  circumference  of  the 
wheel  16  so  that  the  element  55  protrudes  a  very 
short  distance  through  the  gap  14  adjacent  the 
tape  18.  When  the  fibers  41  and  42  are  within  the 
gap  14  adjacent  the  tape  18,  the  element  55 

extenas  generally  perpenuiuumi  iu  mc  iapc  m, 
and  an  edge  of  the  element  55  is  in  a  contacting 
relationship  with  the  tape  18. 

Magneto-optic  materials  are  well  known  in  the 
prior  art  as  may,  for  instance,  be  seen  from  the 
aformentioned  United  States  Patent  No. 
3,665,431.  Suitable  magneto-optic  materials  for 
the  element  55  include  light-transparent  mag- 
netically  permeable  films  of  Permalloy  (80%  Ni 

i  and  20%  Fe),  pure  iron,  alloys  of  germanium-iron, 
iron-cobalt  and  combinations  of  iron  with  mag- 
nesium  fluoride,  as  well  as  other  magneto-optic 
Kerr  Effect  and  Faraday  Effect  materials. 

By  way  of  example,  magnetite  or  one  of  the 
;  above  mentioned  magneto-optic  materials  is 

deposited  with  appropriate  thickness  as  a  layer  of 
material  55  on  a  polished  end  of  the  first  optical 
fiber  41,  while  a  polished  end  of  the  second 
optical  fiber  is  bonded  to  the  layer  of  material  55. 

7  The  resulting  assembly  is  encapsulated  at  the 
scanner  wheel  16. 

In  the  reading  of  information  recorded  on  the 
tape  18,  the  control  34  causes  energization  of  the 
motor  33  and  the  drive  motor  24.  Thus,  the  tape 

5  18  moves  from  the  reel  21  past  the  drum  member 
12  at  an  angle  other  than  0°  to  the  plane  of 
operation  15  of  the  wheel  16,  which  rotates  in  a 
direction  opposite  to  the  transporting  of  the  tape. 
As  this  occurs,  the  element  55  moves  in  a  slant 

o  track  across  the  tape  18  from  one  edge  to  the 
other  with  each  revolution  of  the  shaft  37.  By 
means  known  in  the  art,  synchronization  signals 
recorded  along  the  edge  of  the  tape  1  8  enable  the 
control  34  to  operate  the  scanner  36  and  the  tape 

5  drive  24  so  that  each  pass  of  the  element  55 
occurs  in  alignment  with  data  tracks  as  recorded 
on  the  tape. 

In  order  to  read  the  magnetism  of  the  element 
55,  a  light  source  47  is  employed  for  emitting  light 

io  as  a  beam  to  a  prism  48  which  deflects  and 
projects  the  light  through  focussing  lenses  49  into 
the  first  optical  fiber  41.  Fig.  1  shows  a  polarizer 
57  between  the  light  source  47  and  the  prism  48, 
that  provides  a  plane  polarized  beam  of  light, 

w  denoted  46,  proceeding  to  the  first  optical  fiber 
41.  However,  the  light  46  may  be  polarized  during 
transmission  by  the  first  optical  fiber  41,  and 
other  conventional  means  for  polarizing  the  light 
transmitted  through  the  first  optical  fiber  41  may 

so  be  employed,  as  desired. 
The  polarized  light  46  thus  travels  along  the  first 

optical  fiber  41  and  through  the  element  55,  for 
modulation  by  the  element  55.  With  each  revolu- 
tion  of  the  shaft  37,  the  optical  fibers  41  and  42 

55  and  the  element  55  move  in  synchronism  across 
the  tape  from  one  edge  to  the  other  edge.  Thus, 
the  scanner  36,  the  optical  fiber  41,  and  the  prism 
48  serve  as  a  means  for  scanning  the  polarized 
light  beam  along  a  circular  path  at  least  a  portion 

60  of  which  is  substantially  coplanar  with  the  surface 
of  the  member  12  and  which  is  at  an  angle  relative 
to  the  direction  of  the  transporting  of  the  tape  1  8. 

The  plane  of  polarization  of  the  light  transmit- 
ted  through  the  element  55  is  rotated  to  a  degree 

65  in  accordance  with  the  magnetism  stored  by  the 
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element  55.  That  is,  the  direction  and  amount  of 
rotation  depends  on  the  magneto-optic  charac- 
teristics  of  the  element  55  and  the  state  of  mag- 
netization  of  the  tape  18  as  the  element  55  is 
scanned  adjacent  the  tape.  Thus,  the  light  trans- 
mitted  through  the  element  55  is  modulated  as  a 
function  of  information  recorded  on  the  portion  of 
the  tape  18  that  is  scanned  by  the  element  55. 

Light  modulated  by  the  element  55  enters  the 
second  optical  fiber  42,  which  serves  as  a  means, 
optically  coupled  to  the  element  55,  for  directing 
the  modulated  light,  denoted  51,  through  an 
analyzer  58  to  a  light  detector  52,  such  as  a 
photocell,  phototube,  etc. 

The  intensity  of  the  light  transmitted  through 
the  analyzer  58  is  dependent  upon  the  angle  of 
the  modulated  light  wave.  As  the  state  of  mag- 
netization  of  the  element  55  is  changed  by  the 
magnetization  of  the  tape  18,  the  angle  of  rotation 
of  the  transmitted  light  wave  changes,  thereby 
changing  the  intensity  of  the  light  transmitted  to 
the  light  detector  52.  Thus,  the  analyzer  58  and  the 
light  detector  52  serve  as  light-responsive 
apparatus  for  producing  an  electrical  signal  that  is 
a  function  of  the  modulation  of  received  light. 

A  modulation  detector  53  detects  the  modula- 
tion  in  the  output  current,  or  output  voltage,  of  the 
light  detector  52.  Such  a  modulation  detector  is 
conventional  and  may  be  part  of  conventional 
equipment  for  rendering  the  detected  information 
discernible,  visible  or  otherwise  further  usable. 

The  illustrated  preferred  embodiment  of  the 
subject  invention  may  be  employed  for  rapid 
searching  of  magnetically  recorded  information 
prior  to,  independently  of,  or  as  an  aid  to  repro- 
duction  of  the  information  by  magnetic  playback 
heads.  The  searching  speed  may  be  more  than 
ten  times  faster  than  the  regular  playback  speed 
and  may  be  effected  forwardly  or  backwardly,  as 
indicated  by  the  alternative  solid  and  dotted 
arrows  26,  28,  31,  61,  62,  63,  64,  and  65  in  Figs.  1 
and  3. 

As  indicated  in  dotted  outlines  at  67  and  68,  a 
second  pair  of  optical  fibers  may  be  employed  in 
the  scanner  wheel  16  so  as  to  take  turns  with  the 
first  pair  of  fibers  41  and  42  in  the  searching  of 
magnetic  information  recorded  on  tape  18.  The. 
second  pair  of  optical  fibers  67  and  68  may  be  a 
duplicate  of  the  first  pair  41  and  42,  having  a 
magneto-optic  light  modulating  material  55  there- 
between,  such  as  at  a  location  diametrically  oppo- 
site  to  the  solidly  illustrated  material  55  on  the 
scanner  wheel. 

Such  a  modification  of  the  solidly  illustrated 
embodiment  may,  for  instance,  be  useful  in  the 
case  of  conventional  half-wrap,  and  omega-wrap 
of  the  tape  18,  whereas  a  single  magneto-optic 
transducer,  as  shown  in  the  drawing,  may  be 
more  useful  in  a  conventional  full-wrap  and 
alpha-wrap  of  the  tape.  Moreover,  three  or  four 
pairs  of  optical  fibers,  spaced  120°  or  90°  apart  or 
otherwise,  may  be  employed  on  the  scanner  disc 
as  desired  or  necessary  for  various  given  applica- 
tions. 

The  element  55  may  be  mounted  within  the  gap 

14  so  as  to  be  in  the  path  of  the  light  beam  only  as 
the  light  is  scanned  across  the  tape  18.  With  this 
arrangement,  the  outermost  surface  of  the 
element  55  would  be  curved  to  conform  to  the 

5  wrap  of  the  tape  18  around  the  drum  member  12, 
and  the  element  55  elongated  to  extend  across 
the  tape  from  one  edge  to  the  other  edge  where 
the  tape  18  intersects  the  plane  15.  The  aligned 
ends  of  the  optical  fibers  41  and  42  would  be 

io  spaced  according  to  the  thickness  of  the  element 
55  to  permit  their  synchronous  rotation  relative  to 
and  immediately  adjacent  opposite  sides  of  the 
element  55  as  the  fibers  are  rotated  across  the 
tape  18. 

15  The  subject  invention  has  widespread  utility  in 
various  security,  data  processing,  information 
handling,  monitoring,  surveillance  and  reproduc- 
ing  fields.  Reference  may,  for  instance,  be  had  to 
the  methods  and  apparatus  for  processing  data 

20  including  a  characteristic  mark,  disclosed  in 
United  States  Patent  4,1  15,869,  which  discloses  a 
system  for  detecting  recurring  characteristic 
marks,  such  as  a  line  delimiter  mark  or  an  execu- 
tive  mark,  or  a  recurring  error.  The  subject  inven- 

25  tion  may,  for  instance,  be  employed  to  scan  a 
record  at  very  high  speed  for  a  detecting  function 
of  the  latter  type. 

By  way  of  further  example,  reference  may  be 
had  to  United  States  Patent  3,435,423  for  a  digital 

30  data  storage  and  retrieval  system  for  searching 
information  from  the  tracks  of  a  disc  memory.  The 
subject  invention,  operating  in  circular  paths,  can 
also  be  employed  for  such  tasks. 

The  invention  may  also  be  employed  in  redun- 
35  dancy  reduction  systems  of  the  type  shown  in 

United  States  Patent  3,571,807,  which  discloses 
an  image  frame  redundancy  reduction  system. 

A  magneto-optic  transducer,  according  to  the 
invention,  has  an  improved  frequency  response 

40  with  respect  to  a  conventional  magnetic  read 
head.  A  magnetic  head  requires  a  small  gap  for 
high-frequency  response  on  playback.  If  the  gap 
is  longer  than  the  wavelength  on  the  tape,  there  is 
flux  cancellation  and  thus  little  current  induced  in 

45  the  head  windings. 
For  a  somewhat  related  reason,  the  magneto- 

optic  transducer  of  the  invention  offers  certain 
other  advantages  over  a  conventional  magnetic 
head  for  playback  of  intermediate  and  high  fre- 

50  quencies  because  the  output  voltage  from  a 
magnetic  playback  head  is  a  function  of  the 
frequency  of  the  recorded  signal.  When  a  mag- 
netic  head  is  used  for  play  back,  equalization 
circuitry  is  needed  to  compensate  for  the  fre- 

55  quency  dependency  of  the  head,  which  is  not  the 
case  with  magneto-optic  transducer  apparatus. 

Claims 

so  1.  A  magneto-optic  transducer  apparatus  of  a 
rotary  form  comprising  first  movable  light-direct- 
ing  means  (41)  for  scanning  an  entering  beam  of 
polarized  light  (46)  along  an  operational  path, 
second  light-directing  means  (42),  synchronously 

65  movable  with  said  first  light-directing  means  (41) 

6 
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association  with  the  operational  patn,  Tor 
iceiving  entering  light  to  form  a  beam  of 
alarized  light  exiting  said  transducer  apparatus, 
id  a  planar  element  (55)  having  a  light  trans- 
lission  property  for  modulating  polarized  light  in 
:cordance  with  an  applied  magnetic  field,  said 
ement  (55)  being  interposed  between  said  first 
ght-directing  means  (41)  and  said  second  light- 
irecting  means  (42)  adjacent  an  information- 
earing  surface  of  a  magnetic  storage  device  (18), 
>r  influence  by  a  magnetic  field  that  is  capable  of 
arying  the  light  transmission  property  of  said 
lement  (55),  characterized  in  that  said  planar 
lement  (55)  is  positioned  transverse  to  the 
ntering  light  beam  with  opposing  surfaces  of 
aid  planar  element  (55)  being  adjacent  respec- 
vely  said  first  light-directing  means  (41  )  and  said 
econd  light-directing  means  (42),  to  cause 
ntering  light  scanned  along  the  operational  path 
y  said  first  light-directing  means  (41)  to  be 
aceived  by  said  second  light-directing  means 
12)  after  transmission  through  said  planar 
lement  (55),  whereby  the  'beam  of  light  exiting 
aid  transducer  apparatus  is  modulated  with 
espect  to  the  entering  light  beam  because  of  the 
araday  magneto-optic  effect. 
2.  Magneto-optic  transducer  apparatus  as 

lefined  in  Claim  1  characterized  in  that  the  mag- 
letic  storage  device  comprises  a  magnetic  tape 
18)  wrapped  at  least  partially  around  a  member 
12)  during  transporting  of  the  tape  (18),  and 
iharacterized  in  that  said  first  light-directing 
neans  (41)  is  arranged  so  that  the  operational 
>ath  over  which  the  entering  light  beam  is  scan- 
led  is  adjacent  and  substantially  parallel  to  a 
ape-engaging  surface  of  the  aforementioned 
nember  (12). 

3.  Magneto-optic  transducer  apparatus  as 
lefined  in  Claim  2,  characterized  in  that  said  first 
ight-directing  means  (41)  is  arranged  so  that  the 
)perational  path  is  curved  and  is  substantially 
;oplanar  with  the  tape-engaging  surface  of  such 
nember  (12). 

4.  Magneto-optic  transducer  apparatus  as 
defined  in  Claim  3,  characterized  in  that  said  first 
ight-directing  means  includes  a  first  optical  fiber 
[41)  arranged  to  scan  the  entering  light  beam 
along  the  curved  path,  and  said  second  light- 
directing  means  includes  a  second  optical  fiber 
(42)  an  end  of  which  is  aligned  with  an  end  of  said 
first  fiber  (41)  to  receive  entering  light. 

5.  Magneto-optic  transducer  apparatus  as 
defined  in  Claim  4,  characterized  in  that  said  first 
optical  fiber  (41)  and  said  second  optical  fiber  (42) 
are  arranged  with  respect  to  each  other  to  rotate 
in  synchronism  around  a  common  axis  (39). 

6.  Magneto-optic  transducer  apparatus  as 
defined  in  Claim  4,  characterized  in  that  said 
planar  element  (55)  is  interposed  between  the 
aligned  ends  of  said  first  and  second  fibers  for 
modulating  light  transmitted  through  said  first 
fiber  (41)  into  said  second  fiber  (42). 

7.  Magneto-optic  transducer  apparatus  as 
defined  in  Claim  6,  characterized  in  that  opposing 
surfaces  of  said  planar  element  (55)  are  attached 
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optical  fibers  for  rotation  of  the  planar  element 
(55)  together  with  the  optical  fibers  (41,  42). 

8.  Magneto-optic  transducer  apparatus  as 
defined  in  Claim  7,  characterized  in  that  said 
planar  element  (55)  is  shaped  as  a  disk  in  which  a 
circumferential  edge  of  the  disk  contacts  the 
magnetic  tape  (18)  as  the  entering  light  beam  is 
scanned  along  the  curved  path  adjacent  the  tape 

i  (18). 

Patentanspruche 

1.  Rotierender  magnetooptischer  Wandler  mit 
5  ersten  bewegbaren  Lichtleitmitteln  (41  )  zur  Beauf- 

schlagung  einer  abzutastenden  Strecke  mit  einem 
polarisierten  Eintritts-Lichtstrahl  (46),  mit  zweiten 
Lichtleitmitteln  (42),  die  mit  den  ersten  Lichtleit- 
mitteln  (41)  synchronisiert  und  an  der  Strecke 

o  entlangbewegbar  sind,  zur  Aufnahme  von  eintre- 
tendem  Licht  und  zur  Erzeugung  eines  aus  dem 
Wandler  austretenden  polarisierten  Austritts- 
Lichtstrahls,  und  einem  Planarelement  (55)  mit 
zur  Modulation  polarisierten  Lichts  in  Abhangig- 

5  keit  von  einem  angelegten  Magnetfeld  geeigne- 
ten  Lichtubertragungseigenschaften,  wobei  das 
Element  (55)  zwischen  den  ersten  (41)  und  zwei- 
ten  (42)  Lichtleitmitteln  relativ  zur  Aufzeichnungs- 
flache  eines  Magnetdatenspeichers  (18)  zur 

o  BeeinfluSung  durch  ein  die  Lichtubertragungsei- 
genschaften  des  Elements  (55)  steuerndes  mag- 
netisches  Fel  angeordnet  ist,  dadurch  gekenn- 
zeichnet,  dafS  das  Planarelement  (55)  senkrecht 
zum  Eintritts-Lichtstrahl  angeordnet  ist,  wobei  die 

is  entgegengesetzten  Flachen  des  Elements  (55)  an 
die  ersten  (41)  bzw.  zweiten  (42)  Lichtleitmittel 
angrenzen,  um  den  mittels  der  ersten  Lichtleitmit- 
tel  (41)  an  die  Strecke  herangefuhrten  Eintritts- 
Lichtstrahl  nach  Durchgang  durch  das  Planarele- 

w  ment  (55)  den  zweiten  Lichtleitmitteln  (42)  zuzu- 
fiihren,  wobei  der  aus  dem  Wandler  gelangende 
Austritts-Lichtstrahl  aufgrund  des  Faraday'schen 
magnetooptischen  Effekts  moduliert  wird. 

2.  Magnetooptischer  Wandler  nach  Anspruch  1  , 
15.  dadurch  gekennzeichnet,  da(5  der  Magnetdaten- 

speicher  durch  ein  wahrend  des  Bandtransports 
eine  Einrichtung  (12)  wenigstens  teilweise 
umschlingendes  Magnetband  (18)  gebildet  ist, 
und  dalS  die  ersten  Lichtleitmittel  (41)  so  ange- 

50  ordnet  sind,  daG  die  Strecke,  welche  von  dem 
Eintritts-Lichtstrahl  abgetastet  wird,  an  eine 
Bandanlageflache  der  vorstehend  erwahnten  Ein- 
richtung  (12)  angrenzt  und  im  wesentlichen  paral- 
lel  zu  dieser  verlauft. 

55  3.  Magnetooptischer  Wandler  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dafi  die  ersten  Lichtleit- 
mittel  (41)  derart  angeordnet  sind,  dalS  die 
Strecke  gekrummt  und  im  wesentlichen  in  der 
gleichen  Ebene  wie  die  Bandanlageflache  der 

60  Einrichtung  (12)  verlauft. 
4.  Magnetooptischer  Wandler  nach  Anspruch  3, 

dadurch  gekennzeichnet,  dalS  die  ersten  Lichtleit- 
mittel  eine  erste  Faseroptik  (41)  zum  Heranfuhren 
des  Eintritts-Lichtstrahls  an  die  gekrummte 

65  Strecke  aufweist,  und  dalS  die  zweiten  Licht- 

/ 
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eitmittel  eine  zweite  Faseroptik  (42)  aufweisen, 
deren  Eintrittsende  zum  Austrittsende  der  ersten 
:aseroptik  (41  )  ausgerichtet  ist,  um  daraus  austre- 
:endes  Licht  aufnehmen  zu  konnen. 

5.  Magnetooptischer  Wandler  nach  Anspruch  4, 
dadurch  gekennzeichnet,  dalS  die  erste  (41)  und 
zweite  (42)  Faseroptik  synch  ron  um  eine  gemein- 
same  Achse  (39)  drehbar  angeordnet  sind. 

6.  Magnetooptischer  Wandler  nach  Anspruch  4, 
dadurch  gekennzeichnet,  dalS  das  Planarelement 
[55)  zwischem  den  ausgerichteten  Enden  der 
srsten  und  zweiten  Faseroptik  angeordnet  ist,  um 
das  von  der  ersten  Faseroptik  (41)  in  die  zweite 
Faseroptik  (42)  gelangende  Licht  zu  modulieren. 

7.  Magnetooptischer  Wandler  nach  Anspruch  6, 
dadurch  gekennzeichnet,  dalS  die  entgegenge- 
setzten  Flachen  des  Planarelements  (55)  unver- 
drehbar  mit  den  jeweiligen  Enden  der  ersten  und 
zweiten  Faseroptik  verbunden  sind. 

8.  Magnetooptischer  Wandler  nach  Anspruch  7, 
dadurch  gekennzeichnet,  daS  das  Planarelement 
(55)  als  Scheibe  ausgebildet  ist,  die  wahrend  der 
Beaufschlagung  der  gekrummten  Strecke  mit 
dem  Eintritts-Lichtstrahl  das  Band  (18)  mit  ihrer 
Umfangskante  beriihrt. 

Revendications 

1.  Transducteur  magneto-optique  rotatif  com- 
prenant  un  premier  agencement  (41)  conducteur 
de  lumiere,  mobile  pour  deplacer  un  faisceau 
d'entree  polarise  (46)  suivant  une  trajectoire  de 
fonctionnement,  un  second  agencement  (42) 
conducteur  de  lumiere,  mobile  en  synchronisme 
avec  Ie  premier  agencement  et  associe  a  ladite 
trajectoire  de  fonctionnement,  pour  recueillir  Ie 
faisceau  d'entree  de  maniere  a  obtenir  a  la  sortie 
du  transducteur  un  faisceau  de  sortie  polarise,  et 
un  element  plan  (55)  presentant  des  caracteristi- 
ques  de  transmission  de  la  lumiere  telles  qu'elles 
modulent  la  lumiere  polarisee  en  fonction  d'un 
champ  magnetique  applique,  ledit  element  (55) 
etant  interpose  entre  Ie  premier  agencement  et  Ie 
second  agencement  et  etant  situe  au  voisinage  de 
la  surface  d'un  support  magnetique  (18)  d'enre- 
gistrement  de  I'information  afin  de  modifier,  par 
influence  du  champ  magnetique,  les  caracteristi- 
ques  de  transmission  de  la  lumiere  dudit  element 
(55),  transducteur  caracterise  en  ce  que  les  sur- 
faces  de  I'element  (55)  plan  sont  adjacentes 
respectivement  au  premier  et  au  second  agence- 
ment  et  sont  traversees  par  Ie  faisceau  d'entree 
de  maniere  que  lorsque  Ton  deplace  Ie  faisceau 
d'entree  suivant  la  trajectoire  de  fonctionnement 
Ie  faisceau  traverse  ledit  element  pour  etre  repris 
par  Ie  second  agencement  et  de  ce  fait  Ie  faisceau 

de  sortie  dudit  transducteur  est  module  par  rap- 
port  au  faisceau  d'entree  par  I'effet  magneto- 
optique  Faraday. 

2.  Transducteur  conforme  a  la  revendication  1, 
5  caracterise  en  ce  que  Ie  support  magnetique 

comprend  une  bande  magnetique  (18)  au  moins 
partiellement  enroulee  autour  d'un  tambour  (12) 
lors  du  transport  de  la  bande  18,  et  en  ce  que  Ie 
premier  agencement  (41  )  est  agence  de  maniere  a 

10  ce  que  la  trajectoire  de  fonctionnement  suivant 
laquelle  se  deplace  Ie  faisceau  d'entree  est  situe 
au  voisinage  et  est  pratiquement  parallele  a  la 
surface  de  contact  entre  Ie  tambour  et  la  bande 
magnetique. 

15  3.  Transducteur  conforme  a  la  revendication  2, 
caracterise  en  ce  que  Ie  premier  agencement  (41) 
est  agence  de  maniere  que  la  trajectoire  soit 
courbe  et  soit  pratiquement  confondu  avec  la 
surface  de  contact  entre  Ie  tambour  (12)  et  la 

20  bande  magnetique  (18). 
4.  Transducteur  conforme  a  la  revendication  3, 

caracterise  en  ce  que  Ie  premier  agencement 
conducteur  de  la  lumiere  comprend  une  premiere 
fibre  optique  (41)  agencee  de  maniere  a  deplacer 

25  Ie  faisceau  d'entree  suivant  la  trajectoire  courbe, 
et  en  ce  que  Ie  second  agencement  conducteur  de 
la  lumiere  comprend  une  seconde  fibre  optique 
(42)  dont  une  extremite  est  alignee  avec  une 
extremite  de  ladite  premiere  fibre  pour  recevoir  Ie 

30  faisceau  d'entree. 
5.  Transducteur  conforme  a  la  revendication  4, 

caracterise  en  ce  que  la  premiere  (41)  et  la 
seconde  (42)  fibre  optique  sont  agencees  I'une 
par  rapport  a  I'autre  de  maniere  a  tourner  en 

35  synchronisme  autour  d'un  axe  commun  (39). 
6.  Transducteur  conforme  a  la  revendication  4, 

caracterise  en  ce  que  I'element  (55)  plan  est 
dispose  entre  les  extremites  alignes  de  la  pre- 
miere  et  de  la  seconde  fibre  optique  afin  de 

40  moduler  la  lumiere  transmise  au  travers  de  ladite 
premiere  fibre  optique  (41)  et  penetrant  dans 
ladite  seconde  fibre  optique. 

7.  Transducteur  conforme  a  la  revendication  6, 
caracterise  en.  ce  que  les  surfaces  opposees  de 

45  I'element  (55)  plan  sont  solidaires  respectivement 
des  extremites  de  la  premiere  fibre  optique  et  de 
la  second  fibre  optique  de  maniere  a  ce  que 
I'element  tourne  avec  les  fibres  optiques  (41,  42). 

8.  Transducteur  conforme  a  la  revendication  7, 
so  caracterise  en  ce  que  I'element  (55)  plan  a  la 

forme  d'un  disque  dont  la  peripherie  est  en 
contact  avec  la  bande  magnetique  (18)  lorsqu'on 
deplace  Ie  faisceau  d'entree  Ie  long  de  la  trajec- 
toire  de  fonctionnement  courbe  situe  au  voisi- 

55  nage  de  la  bande  (18). 
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