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SUBJECT: SENSING wnmING GEOQ'rRY AND INFCEMATION PATTERNS 

From: J 0 Io Raffel 

Date: July 229 1954 

~""'~t.~act: 'Two properties ot the sensing winding used in the Whirlwind I 
and me core memories are CODmon to a large class of winding 
configurations. 7hese are: 1) maximum partial cancellation 
ot core "noise" 2) no inductive coupling between drive and 
sense wires. A new winding is suggested to replaoe the present 
zig-zag geometry 0 This should prove easier to implement and 
pre1fminar,r tests on a plane containing both old and new sense 
windings indicate that the two are electrically equivalent. 
Since core "noise" is a function of inf'onnation and sense 
winding geometry» a different checkerboard pattern exists for 
this new windingo 

In general~ checkerboard patterns used tor production testing 
should not be called "worst" patterns since no' attempt is made 
to guarantee the disturbed states of the coresg and these have 
a considerable effect on sense winding outputso 

For a core memory using a twa=dimensional read and consisting 
ot n rows and n columns» all that is required in order to have a "cancelao 

ling" winding with respect to "noise" Signals from half=selected cores 
is that the winding pass through half the cores of each row and ot each 
column in one direction and through the remaining halves in the other -
directiono Consider a square array shown in Figure 10 Each of the first 
n/2 rows can be made of any of the nCn/2 combinations of n/2 pauses and 
n/2 minuseso (Plus and minus reter to core polarity with respect to sense 
winding.) It the next n/2 rows containn the complement configuration to 
that ot the top half, the conditions tor a cancelling winding a.s defined 
above are fulfUledo Figure 1 shows a typioal example ot a winding belong­
ing to this classo The MTC=type sense winding has a distribution like 
that of Figure 2. It is seen to satisty the necessary conditions alsoo 
Another possible geometr,y which suggests itself is shown in Figure 30 
This appears to be the physically simplest .conf'igurat1on which satisfies 
the neoessary conditions tor partial concellation of core "noise".,. 
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It is now necessary to oonsider the problem Gf inductive pick= 
11po For this the cores can be neglected entirely and. only the large 
closed loops of wire comprising the sense winding need be considered. 
The requirement, for a non=inclucti va windingg if we neglect enfi:, ",;?J,~ffeot.!CI 
and consider the drive wires as infinitely long~ is that thp.Jt;,~dA be zero 
where r is the perpendicular distance between a drive line and a differ­
ential area dA as shown in Figure 40 The integral ~er A in Figure 4 
would be made up of the two components Al and A2 of opposing sign follow-
ing the usual polarity comrention for evaluati-mg surface integralso* The 
simplest way of guaranteeing this is that the net enclosed are (.81gebraic 
swn) at a given distance from any row or column wire is zeroo The present 
sense winding usee two overlapping loops which have equal and OPPosite 
oomponents of area with respeot toa~ horizontal or verti~al driving 
line., This has a map as shown in Figure 5 where solid areas and cross­
hatohed areas refer to loop areas of opposing polarityo If we consider 
the map of Figure 6 arty "checkerboardil pattern of the type shown having 
an even number of squares on a side will be nOl'l=indUctivet> Here,9 as with 
core=noise cancellation.$) all that is required is that n/2 rows be "half 
and halt" and the other n/2 rows be the complement of the upper hufo 
It is to be emphasizedJj however.$) that here we reter to areas comprised of 
closed loops of wire and not to coreso The winding of Figure 3 is there= 
fore seen to be both cancelling and ~on=inductivet> This winding may be 
thought of most Simply as being c011lposed of tour digit=plane type winditlasJj 
(a Single section links all cores in the same direction) connected in 
series so that adjacent quadrants of the plane are of opposite polarity.., 
In building larger arrays and/or utilizing printed wiring techniques.$) 
this type of winding may prove to be much s:trnpler to install than the 
old zig=zage 

The problem of delta noise has been considered in E",,488~ M=235l 
and M-2568~ These analyses show that a so=called a'worst" pattern (that 
iSi a condition under which ONEs are smallest and ZEROs largest) results 
from having one type of information on the positive halt or the sense 
winding and another on the negative half of the sense windinge Using 
Freeman U s terminologyH half the cores should be in the 98W, WI state and 
the other half in the "r 88 state on the selected row and ctslumne That 
iS9 halt the cores shoula be in the write=disturbed ONE state and half in 
the read-disturbed ZERO statee In the past no attempt has been made to 
guarantee that cores had been properly read=disturbed or write-disturbed~ 
the emphasis being placed merely on inserting the proper pattern of ONEo s 
and ZEROs in the arraye For production testing of planes this type of 
test is probably suffioient tor obtaining eomparisonsJ) but in no case 
should the results from such tests be used. as any absolute ind.i~ator of 
margins and the term "worstS' pattern should probably !!2! be 'Used where 
the disturb condition is not taken into aceounto 

*Osgood Advan~ed Cal~ulus -

**Pulse ResponGe of Ferrite Manory Co;rel =M=2568 
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A test plane containing the old zig-zag type of sense winding 
was wound with an additional winding of the type shown in Figure 3c The 
experimental results' obtained with the new Winding of Figure 3 indicated 
no induotive pick<::>uP9 as exp.~ted9 but in rastering through the array 
extremely lirge ZEROs were en~ountered at certain placeso These ZEROs 
were reduc'ed to normal size by the add! tion lOt the postc::.wtri tEa disturb 
pulse and were therefore seen to be attributable to the core output and 
not pickupo 

It next became necessary to determine why this effect was only 
encountered when testing the mew sense winding with its corresponding 
checkerboard pattern and not when test~ng the old with its patterno In 
each case the memory is' tilled with a pattern which places ZEROs on one 
half (the halt shown with minuses f«>r instance) the sen$e winding and 
ONEs on the other (~luses)o The only difference whi~h arises for the two 
windings is that the halves are composed of different groupings of cores 
(see Figures 2 and 3)0 In each case the array 1.19 addressed ~clioally.9 
a row a.t a time.$) starting fran the lower le£t=hand cornere The difference 
in outputs between the two windings is clearly 'the result of the differ­
ence in information sequencing whi~h results in differences in the dis­
turbed state of the cores in the arrayo In otherwords~ in both cases"' 
we have halt the cores in the ONE state and half in. the ZERO but no con­
sideration has been given to whether the ZEROs are read=Qisturbed and the 
ONEs write=d:i.sturbedo A glan~e at the old checkerboard P1 tte:rn~ Figure 2,9 
indicates that since no more than two ONEs are written ~onsecutivelyal= 
most all of' the' cores in the array ars,9 in fact,v going to be in the read= 
disturbed state» having been placed there by th~ dig1~plane driver used 
for writing zmos and therefore there is not even a. remote possibility 
of having the O~ write=disturbed b.1 ~han~e somewhere in the arrayo 

An examination of the sequence tor the new cheekerboard pattern» 
Figure 3s indicates two inherent characteristics which tend to guarantee 
the proper disturbed conditions for many more eoresg l}Long strings of 
consecutive ONEs and of conseoutive ZEROs are placed in the array at a 
t1me~ 2) Successive rows (except for the middle pair) have the same 
inf'ormationo The results can be best d~onstrated b,y considering two 
adjacent rows as shown in Figure 10 'Writing the last ZERO ~f the bottom 
row read. .... disturbs all the cores in the a.rray (digit<=>plane=driver pulse)o 
Writing the series of ONEs to finish out the line write=disturbs ~olumns 
directly ab~ve each ONE and hence leaves the ONEs in the second row write= 
disturbedo (Incidentally» the ZEROs of the bottom raw are also write= 
distu:rbed.) The first ZERO of the second row is now about to be read. out 
and the ZEROs in its row have been read=disturbed and the ONEs write= 
disturbedo It is therefore quite reasonable to expect an ununally large 
noise outputo It should be p ointe4 out that even now the disturb <londi tion 
of' all the cores has not been guaranteedo Only-the r<@W conta:i.ning the 
selected cc.re has been disturbed properly~ no attention has been paid to 
the column.$> and indeed the ~ores here are all read""'disturbed (except for 
the one oore in the previous row) because the last excitation these CQres 
saw was the digi t=plane=dr1 ver pulse which oocurred when wri t1ng ZEROs in 
the previous rowe The ZERO output is therefore still far fram the worst 
caS80 Figure 8 shows a sketch of the output from the array for this patterno 
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Note that the peak value of the maximum zmo has baeana alarmingly largas> 
but at strobe~ttme discrimination 1s still excellent. 

Another etfect whioh has not been sufficiently evaluated is the 
size of the voltage induced in the sense winding by the digit=plane~ 
driver pulse6 This is greatest when all the cores in the plane are in 
the proper wi and r states~ and under a true worst condition might very 

. well be larg_ enougA to cause the sense~ampli£ier to blocko 

The new sense winding seems to work wen and the experimental 
results obtains with it have served to emphasize the need for a thorough 
experimental investigation of theoretically predicted "noisy· pattersne 
1.he term !!!!! pattern whioh was previously used rather loosely to dest=! 
cribe checkerboard patterns regardless of the disturbed condition of the 
cores should be avoided in the tutureo These patterns are worthwhile 
as standard tests but by no means represent the most adverse oonditions 
which could be encountered in computer operat1ono It 1s hoped that this 
point has been made sufficiently clear to avoid the neoessity of periodia' 
re-disc.overies that our test patterns do not give the worst signal-tOt» 
noise ratioso 

JlIhj~ 

OOg Group 62 - Engineers 
Group 63 - Engineers 
W~ Wittenberg 
No Daggett 
Ac Roberts 
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