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ABSTRACT 

The Paper-Tape-to-Magnetic-Tape Converter consis ts  of two racks  
of electronic equipment whose function i s  to t ranscr ibe  seven-channel digital 
code on punched paper tape to seven-digital code on magnetic tape in a form 
compatible with the input requirements  of the IBM 704 and 709 computers .  
Recording i s  accomplished by electronically controlling the llread" and "stopq1 
modes of the paper tape reader  while the magnetic tape continuously advances.  
The converter  a lso checks for  cer ta in  types of e r r o r  in the s t ruc ture  of the 
coded information on the paper tape and indicates their  presence .  The en- 
coded magnetic tape i s  used a s  the information input to a properly programmed 

, IBM computer .  
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A P A P E R  TAPETOMAGNETIC TAPECONVERTER 

Louis. F. F lo res  

Lawr'enc-e Radiation Laboratory 
University of California 

Berkeley, California 

December 22, 1960 

On development of the Franckensteins  (7 2-inch bubble chamber f i lm-  
measuring devices)  at  Lawrence. Radiation Laboratory,  conditions for data 
output were: 

( a )  Data must  be  adaptable to the IBM 704 input, a s  this computer 
. . was used to analyze the inforkat iun;  

(b) Data must  be easily accessible  for  checking and editing; 
( c )  Cost of data-handling devices mus t .be  in l ine with over-al l  cost 

of the measuring projector .  

P a p e r  tape devices meet  Requirements (b)  and (cs) very  well, and a 
paper-tape-to-magnetic-tape converter  was developed and built t o  meet  
Requirement ( a ) .  Fo r  ma.gnetic tape to be adaptable to the 704 input, i t  must  
have the following format  ( see. Fig.  1): 

( a )  The longitudinal bit  density of the tapes i s  200 bi ts  p e r  inch, and 
each word, the basic  unit of information, consis ts  of 36 binary b i t s .  

(b)  Six bits la te ra l ly  a c r o s s  the tape make up a charac ter  and s ix 
cha rac te r s  :compose a word. In addition, a seventh bit  i s  used to give a 
l a t e ra l  redundancy check. This check bit can be used to make the charac ter  
either odd or  even. 

( c )  A tape may contain m o r e  than one fi le,  and any file may  contain 
any number of r eco rds .  Each r ecord  can contain one o r  m o r e  words.  

(d)  At the end of each r ecord  written,  there  must  be a longitudinal 
redundancy check bit  in each of the seven channels to cause an even number 
of binary 1 ' s  in each of the seven channels of that par t icular  record .  The 
longitudinal check i s  always an even check. 

Physical  arrangement  of the information'on the magnetic tape i s  a s  
follows: 

( a )  A 0.020-in. blank space ,  followed by a longitudinal redundancy 
check and a 0.75-in. blank space that defines an end of r eco rd  of information. 

(b )  A 0.020-in. blank space followed by a longitudinal redundancy check, 
a 3.7.5-in. blank space,  a charac ter i s t ic  tape mark ,  a 0.020-in. blank space;  
a longitudinal redundancy check for the tape m a r k  and a 0.75-in. blank space 
that defines the end-of-file information. The charac ter i s t ic  tape m a r k  i s  
(00011 112).  

To meet  the magnetic tape req,uirements,  the following paper tape 
fo rma t  was chosen ( s e e  Fig.  2): 

(1)  Eight-hole tape was selected a s  s tandard.  
(2)  The basic  unit of information (the word) would be 36 binary bi ts .  
(3)  The f i r s t  s ix  l a t e ra l  bits a.re used for the information, the s'eventh 

fo r  a l a t e ra l  redundancy check. 
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Fig.  2 .  Phys i ca l  a r r a n g e m e n t  of informat ion on paper  t ape .  



(4)  The eighth hole controls the end-of-file and end-of-record infor- 
mation. One eithth hole defines end-or - record  information. Two succeeding 
eighth holes define end-of -file information. 

(5 )  A tape may. hold more  than orie fi le.  Any file may contain any' 
number  of r eco rds .  Each r ecord  can have one o r  m o r e  words.  '< 

The following terminology will be used in re fer r ing  to the tape converter:  
< 

Anycode. , Any hole in  any one of the seven bi ts  of information ( s ix  
b i t s  and a redundancy check)' ; d r  any number of the seven bi ts  of information 
coupled with a sprocket  ~ i l 1 ' ~ r o d u c e  an Anycode. 

Space. Absence of a l l  thc scvcn channcls of information but the p r e s -  
ence of a sprocket  will generate  a Space signal.  

8.. The 8-signal  i s  produced by a hole in the t ighth channel and the . . 
presence  of a sprocket .  

Not 8 .  (g) i s  produced by the absence of hole in the eighth channel 
but the presence  of a sprocket .  

Sprocket.  The Sprocket signal i s  the ninth hole of information on the 
paper  tape.  This i s  a continuous hole on that tape and obviou{sly corresponds 
to a clock-pulse channel. 

, 

It was decided to employ a slow conversion and to forego immediate  
u s e  of a c o r e  s torage.  Thus continuous motion of magnetic tape i s  employed 
and control of paper tape "Stopt1 "Start" i s  used in l ieu of the co re  memory .  
The reading r a t e  of the paper  tape then se t s  the maximum speed a t  which con- 
vers ion  takes place.  A Po t t e r  paper tape re 'ader,  Model YU3,  was chosen, 

' 

\ with a maximum reading r a t e  of 300 cha rac te r s  per  second, and capable of 
stopping on charac ter  upon receipt  of the stop signal.  This reading r a t e  se t s  
the speed of the magnetic tape at  1.5-in. pe r  sec  in o rde r  to meet  the magnetic 
tape fo rma t .  An Ampex 1100 Se r i e s  magnetic tape t ranspor t  was chosen. 
Because the magnetic tape t ranspor t  employs continuous motion, the stringent 
requi rements  of magnetic tape t ranspor ts  "Stop" and "Start" a r e  not required.  

The read-wri te  and control electronics a r e  t rans is tor ized ,  and a r e -  
l a y  chass i s  i s  used to aid control of the t ranspor t  ( s e e  F ig .  3 ) .  Included with 
the read-wr i te  control e lectronics  i s  an electronic sys tem of e r r o r  checks to 
aid in checking and editing the paper tape. The read-wri te  e lectronics  reads  
the information on the paper tape and t r ans fe r s  i t . to  the magnetic tape. Read- 
ing i s  photoelectronic and magnetic heads write onto the magnetic tape. The . 

writing employs non-re turn- to-zero  techniques, which reduces the complexity 
of writing c i rcu i t ry .  A center-tapped magnetic head i s  employed, dr iven by 
a flip-flop that allows u s  to write a binary 1 by simply flipping the flip-flop. c,, 

The end-of - r eco rd  o r  end-05-file information i s  placed on the magnetic 
tape by simply stopping.the paper  tape and allowing the magnetic tape to move 
the proper  dis tances.  

There  a r e  two modes of operation-check and operate .  The conversion 
occurs  during the operate  mode. Conversion of information f rom paper tape 



F i g .  3 .  System block diagram. 
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to .magnet ic  i s  a channel-to-channel t ransfer ,  i .  e .  , Channel 1 on paper tape 
to  Channel 1 on magnetic tape,  Channel 2 on paper tape to Channel 2 on 
the.magnetic tape, Channel 3 on paper tape to Channel .3 on magnetic tape, 
e tc .  All end-of-records,  end-of-fi les,  charac ter i s t ic  tape m a r k s ,  and lon- 
gitudinal redundancy m a r k s  originate f rom the Space  signal.  The f i r s t  Space .  
signal simultaneously t r igge r s  the paper tape v9Stopq9, stopping the paper tape, 
and a one-shot whose timing allows the magnetic tape to move 0.02 in. The 
t rai l ing edge of the one-shot pulse generates  the.NRZ se t  and begins the timing I 

cycle that will' al low.the magnetic tape to move 0.75 in. The NRZ se t  gener-  
a tes  the longitudinal redundancy m a r k  on the magnetic tape. The trail ing edge 
of the 0.75-in. timing cycle se t s  a memory  to r emember  that an 0.75 has  been 
completed and .!?Startsw' the paper tape. If an Anycode signal follows the Space 
signal,  the 0.75 'memory i s  r e s e t  and an e n d - o f - ~ e c o r d  of information has  been 
placed on the magnetic tape..  If, on the other hand, the Space signal i s  followed 
by  another. Space signal,  ,the paper tape i s  stopped, and the 0.75 memory  i s  
sampled to s e e  if this i s  the second succeeding Space signal.  This being the 
second succeeding Space, a , t iming cycle i s  start.ed to allow the magnetic tape 
to  move an  additional 3.0 inches,  giving2 total magnetic tape movement of . . 

3.75 inches.  The t rai l ing edge of this timing cycle r e s e t s  the 0.75 memory ,  
s e t s  a 3.75 memory ,  generates  the .charac ter i s t ic  tape m a r k ,  and initEates 
the 0.02-in. one-shot to allow the 0.75 in .  timing cycle to begin all  over again 
As this l a t t e r  timing cycle t imes  out, the paper t ape  i s  s tar ted again. If an 
Anycode follows the second Space signal,..  a l l  memor ies  a r e  r e s e t  and an end- 
of-file of information has  been written. If another Space signal follows, the 
paper  tape i s  stopped. The 3.75 memory  i s  sarripled and the magnetic tape 
t ranspor t  i s  stopped. This i s  an end-of conversion a.s three  suc,ceeding 
Spaces define an end-of conversion. 

The .O2O-in. timing cycle,  0.75-in. timing cycle,  and the 3.00-in. 
timing cycle a r e  of 16 m s e c ,  0.5 sec  and 2 sec  duration respectively.  All 
these- t imes  a r e  simply generated when using vacuum tube c i rcu i t ry  but,  ex- 
cept for  the 16 m s e c  t ime,  they can be difficult for  t rans is tor  c i r - h i t s  to 
generate.  This problem was simply solved by constructing a counter for  the 
60 cps l ine freqpency, which provided a ve ry  accura te  timing circui t .  

The- magnetic tape;.head write flip-flops a r e  se t  to the - r e s e t  position 
a t  the beginning of each conversion. The NRZ r e s e t  pulse t r igge r s  and r e s e t s  
the write flip-flops to the r e s e t s  position, ins.uring. that the longitudinal r e -  
dundancy i s  always an even check. The cha.racteristic tape m a r k  i s  generated 
by sett ing theMos. 1, 2, 3, and 4 and-wri te  flip-flops to the se t  position. - 

The paper tape format  chosen was easi ly  adapted t0 .a  number of checks 
for  editing paper tape e r r o r s .  The following e r r o r s  were found to be  most  
probable; (1) The incorrec t  number of cha rac te r s  to construct an integral  
numkier of words between any two succeeding end-of-records,  o r  between-an ; 
end-or- record  and an end-of file marks ;  ( 2 )  an improper  end-of-record o r  
end-.of-file; and (3 )  an improper  charac ter  which.can be  part ia l ly  checked'. . .'. L, 

by looking and checking the pari ty  on each cha rac te r .  

Although the. Space and 8-signals m a y  be the same ,  for  purpose of 
discussion they a r e  considered a s  different. 

- Considering f i r s t  the six count e r r o r :  a.s.'.aJ.li r eca rds  a r e  in multiples 
of 36 bi ts  ( 6  cha rac te r s ,  one word), a count of cha rac te r s  will suffice to be  



s u r e  of the co r rec t  number of words between any two end-of-records o r  be-  
tween an end-of-record and end-of-file. This is, ,easily done with a counter 
of six.. Any Anycode ( cha rac te r )  must  be  followed by an.Anycode o r  by a 
Space. The Space i s  followed by an Anycode. -However ,  .the only t ime t h a t .  
a. Space should be  followed by another space. i s  to indicate an end-of-file. The 
courlter of s ix  i s  accompanied by a s ix  count memory ,  con t i~uous ly  se t  by the 
Anycode and r e se t  by the six counter.  a he s ix  counter counts the Anycode and 

,-. r e s e t s  both the memory  on the sixth count a.;d-. itself a t  the same  t ime.  If the 
s ix  count memory  i s  s e t  when the space pulse is.:generated, a s ix  count e r r o r  '. 
i s  indicated. If the s ix  count memory  i s  r e se t  when the Space pulse i s  gener-  
ated, then .it i s  obvious that there  i s  a multiple of s ix  cha rac te r s  in the record .  
The s ix count e r r o r  a l so  checks the spacing between sprockets .  If two sprock-  
e t s . a r e  too close together,  they seem to be only one count instead of two, thus 
generating a s ix  count e r r o r .  

An improper  end-of-record o r  an improper  end-of-file can be -checked 
by looking a t  the Space and 8-signals .  A proper  end-of-record o r  end-of-file . s  
i s  designated by the presence  of both the ~ p g c e  and 8-signals simultaneously. 
The absence of either. i s  looked for in the following way:, two coincidence 
circui ts  a r e  developed, one looking for  the coincidence of a r ~  Anycode and an 
8-signal,  the other looking for coindidence of a Space'and a not-8 (8) signal.  
If one of these conditions prevai l s ,  then either an improper  end-of-record of 
end-of-file i s  pr.esent on the tape. 

Las t  but not l eas t  i s  the la te ra l -par i ty  check.. This i s  a charac ter  by 
charac ter  check, thus giving a fair ly  thonough check on the paper tape. The 
pari ty  of the tape can be  either odd o r  even, aud pravi3ion i~ made to rheck 
fo r  both depending on which i s  in use .  Although this check only looks for 
either the odd o r  even number of b i t s ,  c o r r e c t  information i s  a s su red  by the 
u s e  of the par i ty .  

The function of the check mode i s  s t r ic t ly  for  editing and checking the 
paper tape. The paper tape i s  allowed to run with the magnetic tape bff,  and 
the reading c i rcu i t ry  reads  and checks for a l l  the previously mentioned e r r o r s  
If an e r r o r  i s  present ,  the type of e r r o r  i s  indicated and the paper tape i s  
forced to stop on the charac ter  that has  the e r r o r .  This i s  conducive to rapid 
location and correct ion of a l l  e r r o r s  on the paper tape. 

As the operation of the end-of-file and end-of-record m a r k s  stop the 
paper tape for  periods of approximately two seconds ,and one-half second 
respectively,  these t imes  can cer tainly add up to lo s s  of machine operating 
t ime when checking paper  tape ro l l s  of short  r eco rds  and f i les .  F o r  this 
reason ,  the check mode allows continuous motion of the paper  tape, and the 

" only stops occur when an e r r o r  i s  indicated. Thus a 10-in. roll  of paper tape 
can be checked in l e s s  than ten minutes regard less  of the number of end-of- 
fi les and/&r end-of-records present  on the tape. 

.J 
Another feature included to add to the reliabili ty of the sys tem was to 

keep an e r r o r  check 6n the la te ra l -par i ty  of the actual magnetic writing heads.  
The heads a r e  sampled,  and any change of head cur rent  in  any head i s  s tored.  
In this manner ,  checking pari ty  on every charac ter  i s  written onto the magnetic 
tape. This allows for  a complete check on the operation of the conver te r .  
Although an e r r o r  in the recording pari ty  does not stop the conversion p rocess ,  
a written r eco rd  of e r r o r s  can be kept to determine if a reconversion i s  needed. 



This machine was developed specifically to ob'tain information on the 
magnetic tape in the 704 format  descr ibed.  A general-$urpose machine that 
will handle 5, 6 ,  7, and 8 channel paper tape into 704, 709, 650, and other 
computer formats  could be  easi ly  obtained f rom this specialized machine by 
making a few minor  changes or  additions. The following description i s  of the 
changes that can be  made.  

A simple selection sys tem in thc paper tape read  electronics will en- 
able a choice of 'either the 5,  6,  7, o r  8 channel paper  tape. Of cour se ,  the 
definitions of Space, Anycode, and Sprocket,  s t i l l  hold. E r r o r  checks can be  
modified in the following manner .  The s ix count e r r o r  can  b e  changed to 
count the number of cha rac te r s  to suit the format  a t  hand, o r  the s ix  count 
e r r o r  can be  disabled to allnw a random number of e h ~ i - a i t c ~ s  ill ally g9ven 
record .  'l'lle l a l e ra l  par i ty  can be left unchanged, since the selection sys tem 
f o r  the 5, 6 ,  7 ,  o r  8 channel paper tape can also select  proper  channels for  
par i ty  check, even o r  odd. This would a l so  se t  the par i ty  for  the write head 
check. In the 5 arld 6 channel paper tape,  par i ty  can be  generated in o rde r  to 
allow al l  5 o r  6 channels to be used for  inforn~atiorl .  The only e r r o r  check 
that would have to be completely disabled would be the check l u r  an improper  
end-of-file or  end-of-record m a r k s .  In 5, 6 ,  o r  7 channel tape the absence 
of the extra  channel does not allow the search  for a coincidence of a space 
and the ex t ra  channel. 

Addition of a c o r e  memory  will greatly increase  speed of conversion, 
L u t  will e i ther  dec rease  the maximum number of words in one conversion o r  
will great ly  inc rease  the cost  of the control e lectronics .  To be Inore explicit,  
a l a r g e  c o r e  memory  has  a capacity of approximately 200, 000 b i t s ,  and paper 
tape has  a bi t  density of 54 to 60 bi ts  p e r  inch, allowing each memory  to hold 
only 250 to 350 feet of paper tape. The control electronics will have to b e  
m o r e  complicated in o rde r  to c a r r y  out the conversion. The added conversion 
speed will have to b e  weighed against the obvious extra cos t ,  in o rde r  to decide 
on the c o r e  memory .  

. The ,tape to  tape converter  consis ts  of two racks  of eq,uipment.(Fig. 4 ) .  
Each r ack  i s  a s tandard 19-in. r ack ,  s i x  feet high. Both racks  a r e  mounted 
0n .a  platform having 4-in.  cas t e r  wheels, thus giving the converter  a high 
degree  of mobility. Power  consumption of the converter  i s  115 v ,  60 cps ,  
1 .2 kw input. It has  been in operation only six months and therefore r e -  - 
l iabili ty figures a r e  sti l l  quite sketchy, To date ,  108 hours  of operation has  
been the mean t ime  between breakdowns. 

Cost  for development and fabrication of the converter  has  been: 

Development $' 2960.00 

Fabricat ion 17000.00 

Total $19960.00 



Fig. 4 .  Tape-to-tape converter rack. 



APPENDIX-TAPE TO TAPE CONVERTER PqINT LIST 

Fuse panel. 
Photocell light power supply. . 
4X- 'AND' boardqos.  5,9,  10,19,27,29,37,41,42, and 58 to 80 
inclusive. 
Dual flip-flop board Nos. 7,8,12,13,14,15,17,18,23,24,25,26,  
28,43,44,45,.46,54,55,56,$7. 
Dual one-shot boardNos. 21,40,75. 
Invertor board No. 3 1. 
Standard 'OR1 board Nos. 4 , 6 , l l ,  16,22,30,78. 
Differentiating rORt board No. 52. 
Time delay boardNo. 32,77. 
Head photocell connections . 
Photo diode difference amplifier. Potter 1 2 

Drive amplifier. 
Reel amplifier. 
Magnetic head dr ivers  board Nos. 47,48,49,50. 
Par i ty  generator board No. 33. 
Photocell preamplifier :Board Nos. 1 ,2 ,3 ,  . 
Brake and cluch .amplifier board No. 36. 
Light bank dr ivers  Board Noa. 34,51. 
Counter clock pulser ;Board No, ,20. 
Pr int  list .  
Bin, wiring. 
Bin wiring. 
Bin wiring. 
Bin wiring 
Cantrol panel. 
Relay control. 
Photo-cell adjusting board No. - 39. 
BRD cabinet layout. 
Black diagram 3 AMPEX F R l l  tape control circuit. 
Blocking oscillator transistor board Sch Nos. 35,36. 
Logig diagrams ., 
P:E. Head and tes t  

. . 
- . ,: , , 1  r If- , . : , ,  . I , %  

L,.. - . .- 
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T h i s  r e p o r t  was p r e p a r e d  a s  a n . a c c o u n t  o f  Government 
s p o n s o r e d  work.  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  any  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A .  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t . t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i p f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  any  i n f o r m a t i o n ,  appa -  
r a t u s ,  method,  o r . p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. . Assumes any l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  above ,  " p e r s o n  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any employee o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  s u c h  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n '  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commission,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  




