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Fig. 1. Two  MRT geometries. 
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Fig. 2. AR versus  transverse field. 

mA. The device was deposited onto a polished glass substrate  and 
sandwiched with  a second polished piece of glass for prot~ection. At  
the  peak in  wavelength response (2 mils), an rnls output of about 25 
mV was achieved. The response vanished into  widebmd  tape noise 
for a  wavelength below 50 pin. A maximum rms  signal-to-rms tape 
noise of about 66 dB wa.s observed. An applied bias field of about 60 
Oe was required to linearize the device. Measured  distortion char- 
acteristics of the head are comparable to ring head technology. 
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Noise-Whitening Filters For Digital Recording 

E. WONG, MEMBER, IEEIS, A N D  J. C. NIALLINSON 

A  major  limitation to high-density t'ape recording of digital data is 
that of intersymbol  interference. It has  recently been shown, how- 
ever, that provided certain physical  conditions are  met  during  the 
recording process, t,he  overall waveforrn is the superposit,ion of the 
individual pulses. Thus, for a  random sequence of bits, the interfer- 
ence due  to pulse crowding can be viewed as anot,her source of addi- 
tive noise. This interference noise is shown to be approximately 
Gaussian under high-density conditions and  to  have a power spectral 
density which is identical in shape  to  the  spectrum of a single pulse. 
Therefore, the problem of detecting a single pulse in the presence of 
both intersymbol  interference and  additive white  Gaussian noise is 
reduced to a detection  problem with  additive Gaussian  nonwhite 
noise. The problem can be further reduced to one of detect,ing a 
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signal in additive  white noise by  the use of a noise-whitening filter. 
The overall opfimsl  detector  then  has  the form of a noise-whit,ening 
filter followed by a  matched filter followed by a  sampler and  qnan- 
tizer. We note  that  the noise-whitening filter is always  a  pulse 
compression filter. It is satisfying that  the conflict between a 
matched filter which improves the  peak signal-to-noise rat'io (SNR) 
but broadens t,he pulse and a pulse compression filt'er which alleviates 
intersymbol  jnterference but degrades the  SNR is naturally re- 
solved in our formulation of the problem.  By  seeking an optimal 
detector  in  the presence of both intersymbol  interference and addi- 
tive white noise, we have found an  optimal st,ruct,ure  containing 
features of both pulse compression and matched filtering. We 
conclude with several  simple  realizations of noise-whitening filters 
designed for a tape recorder operating at  1 5  000 bit,&. 

The Influence ob Data Codes on Peak Shift 

B.  BIRCH 

The  set of self-clocking digital recording codes is comprised of 
subsets characterized by  the maximum permitted number of con- 
secutive missing transitions or zero string  length [l].  This zero, 
string length affects the decoding timing stability  and discrimination, 
and peak shift effects also become more severe as  the number of 
consecutive transition absences is increased. The familiar phase 
encoding method is an example of single absence coding but, by 
virtue of a further coding constraint, it is not' representative of the 
general case and benefits from reduced prllte crowding problem. 

Linear  superpositioning of bwo Gaussian  curves has been used to 
predict the  extent of peak shifting  for decreasing transition sep- 
aration [ 2 ] .  The results  obtained are only  applicable to  the worst 
case nonreturn-to-zero  error, and a more general approach,  t'aking 
account of other neighboring transitions, is required for a wider 
investigation. 

In  the present caEe the  analytic expression used to define the 
characteristic pulse was [ (1 + t21 -1  - a ] ,  wit,h the const,ant a such 
that a good theoretical-experimental  fit for the  replay amplitude- 
versus-reversal density curve was obtained for a particular flying 
head disk system. From  this curve is obtained a plot of resolution, 
the  ratio of full- to half-frequency replay  amplitudes,  against  reversal 
density.  For resolutions down to 40 percent this curve indicat.ed the 
need to consider three reversal positions on each  side of the  transition 
being investigated. The resulting 64 possible reversal patterns  are 
described by two-digit octal numbers;  the more significant digit 
specifies the three-position  reversal pattern  to t,he left of the  subject 
pulse, while the 8" digit defines the  pattern t,o the right, of this 
pulse. 

A  program  was written  to calculate the effect of these six possible 
reversals on both  amplitude  and peak  position of the center pulse for 
increasing reversal density.  The  ratio of peak  amplitudes for pat- 
terns 77 and 22 gives, of course, the resolut,ion as a function of 
reversal density,  and  this result can be used to  relate peak shift  and 
resolution. The  tabulated results may  then be used as a reference 
table from which, the  peak  shift for  reversal patterns of any  length 
can be determined. 

Peak  shift problems  manifest  themselves  in  a system b?; modifying 
the relative lengths of the  permitted cell intervals,  thereby reducing 
the  ability of the  system  to discriminate between these  various 
cells. This change in length is given by the  relative shifts of the two 
transitions  demarcating  the cell, and it  may  be determined  from the 
tables  by algebraically adding  the shifts  for t,he patterns specifying 
these transitions.  Worst case conditions are obtained by considering 
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