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Technical Note 1 

MAGNETIC MARKS AND THEIR RELATION TO RECORDER FUNCTIONS AND CONTRQLS 

1. Magnetic Marks 

"Magnetic marks" is a term we use to describe the visible patterns 

appearing on a magnetic recording tape that has been "developed" by a 

fluid containing microscopically fine iron particles. The magnetic 

marks appear on the oxide surface of the tape, the side that is touched 

by the record and erasehead~~wherever the iron particles collect in 

the vicinity of the magnetic poles produced by the recorded magnetization. 

This development technique resembles a technique used in elementary 

science laboratories, when iron filings placed in the vicinity of permanent 

magnets demonstrate the shape of the otherwise-invisible magnetic field. 

The principal difference in the case of magnetic marks produced on re- 

cording tape is that the iron particles are very much smaller than the 

filings used in the science laboratory. Also, the tape itself, instead 

of being a single magnet, is in effect a two-dimensional mosaic of many 

tiny magnets, the strength of each having been adjusted by a magnetizing 

field usually produced by a varying current flowing through the coils of 

a recording head in a tape recorder. The magnetic marks visible on a 

section of recording tape on which ordinary speech or music sounds have 

been recorded bear a striking resemblance to the widely used motion- 

picture sound track of the variable density type. 



A t y p i c a l  sec t ion  of recorded speech made v i s i b l e  i n  t h e  form of 

magnetic marks appears i n  Figure 1. When looking a t  a t ape  recording 

by means of magnetic marks, t h e  observer can see  not  only how t h e  t a p e ' s  

magnetism v a r i e s  along t h e  d i r e c t i o n  of t r a v e l ,  bu t  a l s o  how t h e  magnetiza- 

t i o n  may change across  t h e  width of  t h e  tape. In  p a r t i c u l a r ,  i n  Figure 1 

the  magnetic marks occupy l e s s  than one-half of t h e  width of t h e  t ape ,  

t h e  boundary between t h e  magnetized and unmagnetized p a r t s  of t h e  t ape  

being r a t h e r  sharp. This s i t u a t i o n  is very common i n  present-day t ape  

recordings because of  t h e  popular use of mult iple-track recording. 

2.4 mm 
track width 

6.3 mm 7 tope width 
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Figure 1. Magnetic marks on tape i n  a sec t i on  o f  speech 

According t o  records of t h e  U. S. Secre t  Service,  the  sec t ion  of 

t ape  depicted i n  Figure 1 was recorded on June 20th of  1972 on a Sony 

Type 800B recording machine. This  type of machine, a s  well  a s  t h e  

Uher 5000, employs what is known a s  ha l f - t rack  recording on quarter-  

inch (6.3 mm) tape. The recording head i s  adjusted s o  t h a t  it inf luences  

l e s s  than ha l f  of t h e  tape  width. In  t h i s  way, both halves of t h e  tape  

can be recorded on with t h e  two separa te  s e t s  of s i g n a l s  f a r  enough a p a r t  

on t h e  tape  so  t h a t  one is  no t  f a i n t l y  heard i n  the  background when the  

o the r  is being played back. 

In modest c o s t  t ape  recorders,  such a s  t h e  Sony 800B and t h e  Uher 5000, 

the  head t h a t  makes t h e  magnetic marks during recording is  l a t e r  used a s  

a playback head. Once magnetized by t h e  record head, t h e  t ape  can be 

played back by moving it p a s t  t h e  same head, which i s  no longer ac t iva ted  

by t h e  recording c i r c u i t s  bu t  is  now connected t o  t h e  reproducing c i r c u i t s .  



The magnetized oxide at the head gap produces a magnetic flux in 

the core of the head. Changes in this flux induce an electrical signal 

in a coil on the core of the head. This electrical signal is then 

amplified to drive a loudspeaker or headphone, which in turn produces 

an audible acoustic signal. Because the induced electrical signal is 

a result of the total effect of all the magnetized oxide over the gap 

of the playback head at any time, this induced signal cannot show 

variations in the magnetic marks that occur in the direction of the 

width of the tape. Only the total variations in the direction of tape 

motion can be observed. Thus while the magnetic marks provide information 

relating to two dimensions of the tape, length and width, the electric 

signals provide information relating to only one dimension, length. AS we 

shall see, the two dimensional nature of magnetic marks provided some 

information that was essential in determining how the 18.5 minute buzz 

sect-ion was produced. 

The record head of the Uher 5000 makes a magnetic mark that is 

approximately 2.4 millimeters wide. The erase head, when de-energized, 

makes magnetic marks that are three millimeters wide, which is essentially 

half the tape width. The erase head is wider than the record head in 

order to ensure the erasure of the entire recorded signal when a previously 

recorded tape is being reused. 

In many tape recorders, including the Sony 800B and Uher 5000 machines, 

the erase head not only eliminates magnetic marks but also makes distinctive 

magnetic marks of its own. The erase-head-off mark can be made visible 

by magnetic development. For both types of machines these magnetic marks 

appear whenever the electronic circuit that energizes the erase head is 

de-energized, as when an operator terminates any particular act of recording. 

Both the Sony 800B and the Uher 5000 make record-head marks when re- 

cording ceases. Record-head-off marks are less distinctive than erase- 

head-off marks. However, record-head-off marks are easily identified 

because they always appear a known distance from their erase-head-off mark 

partners. This distance is equal to the physical distance between the 

erasing head and the recording head, which for the Uher 5000 is approxi- 

mately 28.5 millimeters and for the Sony 800B is approximately 24 milli- 

meters. 



Dis t inc t  magnetic marks a r e  made a l s o  by the  recording head a t  t h e  

beginning of a recorded sec t ion  when the  recording and e ras ing  e l e c t r o n i c s  

a r e  f i r s t  ac t iva ted .  Magnetic marks made by a record-head-on opera t ion  a r e  

not g r e a t l y  d i f f e r e n t  i n  appearance from a record-head-off mark. The 

absence of an erase-head-off mark a t  the  appropriate d i s t ance  would tend 

t o  support the  hypothesis t h a t  a p a r t i c u l a r  record head mark i s  of the  

s t a r t i n g  type,  not a record-head-off mark. 

While magnetic marks a r e  capable of revealing t h e  gross  forms of the  

magnetic p a t t e r n s  a c t u a l l y  recorded on t h e  tape ,  t h e  f i n e  and minute d e t a i l  

i n  t h e  p a t t e r n s  can be seen with c l a r i t y  only by playing t h e  tape  and 

observing the  e l e c t r i c  waveforms on an osc i l loscope o r  o the r  high-resolut ion 

p l o t t i n g  device. The two-dimensional aspects  of t h e  magnetic marks a r e  

not seen i n  the  waveform. In t h e  ana lys i s  of events  on a tape  recording,  

both magnetic marks and e l e c t r i c a l  waveforms have an important r o l e  t o  

p lay ,  a s  Technical Note 2 explains.  

In our study of t h e  Evidence Tape, we took e labora te  pa ins  t o  f ind  

a l l  magnetic marks coupled with poss ib le  s t a r t i n g  and stopping of t h e  

recorder responsible f o r  t h e  18.5 minute buzz sec t ion ,  and t o  analyze 

these  both i n  terms of t h e  two-dimensional developable marks and t h e i r  

corresponding waveforms. Only through ca re fu l  study and c ross  corre la-  

t i o n s  of such information were we able  t o  r epor t  with confidence t h e  cause 

of t h e s e  marks a s  r e l a t e d  t o  the  functioning c h a r a c t e r i s t i c s  of t h e  recorder 

which produced them. In add i t ion ,  f o r  comparison purposes, we produced 

simulated marks on a t e s t  t.ape by means of known opera t ing  sequences. We 

used those marks t o  confirm the  c l a s s i f i c a t i o n  of the  marks found on the  

Evidence Tape. 

2. Relat ing Magnetic Marks t o  Recorder Functions and Controls  

To i n i t i a t e  t h e  process of c l a s s i f y i n g  magnetic marks, the  Panel 

produced a dummy tape  using severa l  Sony 8 0 0 B  and Uher 5000 recorders.  

Some of the  machines were p a r t  of the  cour t  evidence c o l l e c t i o n  and o the r s  

were purchased spec ia l ly  f o r  t h i s  study. Because of i t s  eventual  c e n t r a l  

focus, the  Exhibit  60 Uher was used i n  preparing examples presented here. 

The machine was operated i n  a number of modes t o  produce t h i s  tape.  These 

modes were se lec ted  t o  explore the  f u l l  range of operat ion c a p a b i l i t i e s  



of the Exhibit 6 0  Uher. The magnetic marks associated with these operations 

were then developed for examination and comparison with those found in 

the 18.5-minute buzz section. One set of these marks is shown in Figure 2. 

record- head quartet 
off mark 3mm 

2.4 mm wide wide 
1 1 

Figure 2. Record-head-off mark and quartet mark from STOP t e s t  

on Exhibit 60 Uher 

These marks were made by developing a tape that was recorded on the 

Exhibit 6 0  Uher. The RECORDING LEVEL was set at maximum and no signal was 

fed to the microphone input. Recording was initiated by pressing the START 

and RECORDING keys. Then, to produce the marks seen in Figure 2, we pressed 

the STOP key, thereby de-energizing the record head and erase head. The 

mark on the left, 2.4 mm wide, was produced by the record head at the instant 

it was de-energized. This mark appears to be a single line, but in reality 

can contain several, closely packed lines, as Technical Note 2 explains. 

The mark on the right, 3..0 mrn wide, is a set of four parallel lines produced 

at the same time by the erase head. We call this erase-head-off mark a 

quartet. 

By convention, the dimensions of marks on magnetic tape are called 

length when they run in the long direction of the tape, and are called 

width when they run across the tape. Thus, for example, the quartet is 

called 3 mrn wide, not long. Its length is much less, about 0.5 mm in this 

case. 

The distance between the single line on the left and the quartet on 

the right is 28.6 millimeters. 



This d is tance  checks with t h e  d i s t ance  measured mechanically between t h e  

magnetic gaps of t h e  record head and e rase  head of t h e  Exhibi t  60 Uher. 

S imi lar ly ,  we determined t h a t  t h e  record head is 2.4 mm wide (extends 

about 2.4 mi l l imeters  i n  t h e  tape  width dimension) and t h e  e rase  head 

is  3 mi l l imeters  wide. 

The reader may observe c l e a r l y  here how t h e  two-dimensional na tu re  

of magnetic marks provides t h e  observer with important information. Not 

only can the  a c t u a l  width of t h e  sound t r a c k  made by t h e  recorder be 

measured, but  t h e  d i f fe rence  i n  the  widths of inf luence  possessed by t h e  

e rase  head and t h e  record head can e a s i l y  be measured. This d i f f e rence  

i n  widths suppl ies  a major p o i n t  of  information f o r  d i s t ingu i sh ing  between 

e rase  head and record head marks. 

Now consider  t h e  marks i n  Figure 3. Near t h e  l e f t  edge is a record- 

head-off mark and near  t h e  r i g h t  edge is  a quar te t .  However, t h i s  q u a r t e t ,  

unl ike  t h e  one i n  Figure 2 ,  i s  p a r t l y  obscured. Further ,  a new mark, 

2.4 mm wide, shows up about 4 mm t o  t h e  l e f t  of t h e  q u a r t e t ,  This new mark 

i s  a c t u a l l y  a c l u s t e r  of l i n e s .  

Figure 3.  Record-head-off mark, record-head-on mark, and p a r t l y  
obscured q u a r t e t  from t e s t  on Exhib i t  60 Uher 

To make these  marks we s t a r t e d  ou t ,  a s  before,  by s e t t i n g  the  

RECORDING LEVEL a t  maximum, press ing  t h e  START and F?ECORDING keys, and 

then press ing  t h e  STOP key. This time, however, we turned t h e  r e e l s  by 

hand t o  move t h e  t a p e  forward about 24 mm, and then added another  opera- 

t ion :  we depressed t h e  RECORDING key, which locked i t s e l f  down, and 

pressed on t h e  foo t  pedal.  Af ter  t h e  tape  had moved forward some d i s t ance ,  

we stopped t h e  recorder  and developed t h e  sec t ion  of t ape  shown i n  Figure 3. 



The mark seen a t  about 4 mm t o  the  l e f t  of the  quar te t  w a s  l a i d  down 

by the record head a f t e r  it had been moved forward about 24 mm. The mark 

was made by the  record head a t  the  ins tan t  it was energized. When the  

record head then moved forward it passed over the  previously-recorded 

quartet  and pa r t i a l l y  erased the upper 2.4 mm of the quartet. 

Another record-head-on mark appears, a l l  by i t s e l f ,  i n  Figure 4. 

This one, l i k e  the one seen a t  about 4 rmn l e f t  of the  quar te t  i n  Figure 3, 

i s  a 2.4 mm wide (measured across the width of the  tape) pa i r  of l ines .  We 

made the record-head-on mark in  Figure 4 simply by depressing the s e l f -  

locking RECORDING key and stepping on the foot pedal. 

Figure  4. Record-head-on mark from f o o t  pedal t e s t  on E x h i b i t  60 Uher 

Figure 5 was made by pressing the START and RECORDING keys, l e t t i n g  

the tape advance some, pressing the STOP key, and then immediately pressing 

the START and RECORDING keys without repositioning the tape. 

F igu re  5. Record-head o f f  and on marks from in -p lace  keyboard 

s top  and r e s t a r t  r eco rd ing  t e s t  on E x h i b i t  60 Uher 



Figure 6 was made by first recording a section of the tape, then 

backing the tape up, pushing the START key of the tape recorder, and 

while holding the START key depressed, latching the RECORDING key. No 

input was connected and the RECORDING LEVEL was set at maximum. 

F i g u r e  6. Record-head-on mark from t es t  on E x h i b i t  60 Uher 

These figures reveal the variety of normally expected erase-head-off 

marks, record-head-off marks and record-head-on marks. Obviously absent 

from the above collection is any appearance of an erase-head-on mark. The 

reason for this is that erase-head-on marks cannot exist. Extensive testing 

and tape development has failed to demonstrate the appearance of any erase- 

head mark when the erase head is turned on and left on while the tape is 

moved forward. The erase head erases its own marks. 

Further, we have not been able to demonstrate the production of an 

erase-head-on mark by mounting a tape properly, energizing the erase head, 

and taking the tape away from the recorder while the erase head is still 

energized. Evidently any mark created by the energization of the erase 

head is immediately erased by the erasing action thus initiated. 

Occasionally we see a 3 mm mark that is a single line, instead of a 

set of lines, located at a distance of 28.6 mm from a record-head-off mark. 

The single line was originally a part of a quartet, but the other three 

lines were erased by the erase head after the tape moved forward 

a very small amount. 



The Panel made severa l  f u r t h e r  t e s t s  t o  study the  kinds of magnetic 

marks t h a t  a r e  made by various kinds of opera t ions  of  t h e  Uher 60 recorder.  

These t e s t s  provided simulated da ta  f o r  comparison wi th  da ta  found 

on the  Evidence Tape. The r e s u l t s  provided us with e s s e n t i a l  information 

f o r  use i n  determining what operat ions of the  recorder could o r  could not  

have resu l t ed  i n  the  magnetic marks observed on t h e  Evidence Tape. Figures 

7 through 1 3  show and b r i e f l y  explain the  r e s u l t s  of  these  f u r t h e r  t e s t s .  

Figure 7. To make these  marks we pushed the  RECORDING key of Exhibi t  

60 Uher and then depressed the  foo t  pedal.  While holding t h e  foo t  pedal 

down, we depressed the  STOP key and a few seconds l a t e r  re leased t h e  

f o o t  pedal.  These marks appear on the  tape  a t  t h e  p o i n t  where the  STOP 

key was depressed. 



Figure 8. We made t h i s  magnetic mark by pushing the  RECORDING key of  

Exhibi t  60 Uher and then pushing the STOP key. No tape  motion was 

involved a t  any time. 

F i g u r e  9 .  We made these  magnetic marks by f i r s t  pushing the  RECORDING 

key of Exhibi t  60 Uher, then depressing the  foo t  pedal ,  and while hold- 

ing  t h e  foo t  pedal ,  pushing the  START key. A few seconds l a t e r  t h e  foo t  

pedal  was re leased and then the  STOP key was depressed. The magnetic 

marks shown were obtained from the  tape  a t  t h a t  po in t  where the  START 

key was depressed. 



Figure 10. W e  made t h i s  magnetic mark by f i r s t  pushing t h e  RECORDING 

key o f  Exh ib i t  60 Uher, then ,  without  holding t h e  RECORDING key, pushing 

the  START key. U n t i l  t h e  START key was depressed,  t h e r e  was no t ape  mo- 

t i o n .  The mark was made on t h a t  p o r t i o n  of t h e  t ape  corresponding t o  

t h e  moment when t h e  START key was depressed.  

Figure 11. We made t h e s e  magnetic marks by pushing t h e  START and 

RECORDING keys on Exh ib i t  60 Uher s imultaneously and then  r e l e a s i n g  t h e  

START key f i r s t .  A s h o r t  time l a t e r  t h e  START key was pushed again.  

These magnetic marks appeared a t  t h e  p o i n t  on t h e  t a p e  corresponding 

t o  t h e  second dep res s ion  o f  t he  START key. 
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Figure 12. We made the  magnetic marks i n  t h i s  photograph by f i r s t  pushing 

t h e  RECORDING key on Exhibit  60 Uher, then depressing the  foo t  pedal ,  and 

s h o r t l y  t h e r e a f t e r  r e leas ing  the  f o o t  pedal.  A moment Later t h e  f o o t  pedal 

was pressed a second time and a f t e r  a s h o r t  period,  released again.  The 

magnetic marks appearing here correspond t o  the  po in t  on the  t ape  when t h e  

f o o t  pedal was f i r s t  released and depressed f o r  the  second t i m e .  

Figure 13. We made the  magnetic marks i n  t h i s  photograph by f i r s t  pushing 

the  RECORDING key of Exhibi t  60 Uher, then depressing t h e  foo t  pedal ,  and 

s h o r t l y  t h e r e a f t e r  r e leas ing  t h e  f o o t  pedal.  After  t h e  f o o t  pedal  had been 

re leased,  t h e  STOP key was depressed. The magnetic marks i n  t h i s  photograph 

correspond t o  the  po in t  i n  t h e  tape  a t  which the  foo t  pedal was re leased and 

t h e  STOP key was depressed. 



3 .  Overlay Types 

Now t h a t  we have descr ibed  t h e  types  of marks a s soc i a t ed  wi th  t h e  

t h r e e  major observable even t s ,  erase-head o f f ,  record-head o f f ,  and record- 

head on, we s h a l l  d i s c u s s  t h e  types  of over lays  t h a t  a r e  poss ib l e .  An 

ove r l ay  occurs  when two record ings  a r e  made one a f t e r  another  i n  such a 

fash ion  t h a t  t h e  beginning of t h e  second record ing  f a l l s  c l o s e  t o  o r  

ove r l aps  t h e  end of t h e  f i r s t  recording.  

Four types  of over lay  can occur.  The t ape  can move backward o r  

forward from t h e  p o i n t  a t  which t h e  f i r s t  record ing  stopped, and t h e  t ape  

can move a d i s t ance  t h a t  i s  g r e a t e r  o r  l e s s  than  t h e  d i s t a n c e  between t h e  

record  head and t h e  e r a s e  head. 

Consider f i r s t  t h e  over lay  type  i n  which t h e  t ape  is  moved backward 

a d i s t a n c e  g r e a t e r  than  t h e  d i s t ance  between t h e  two heads. I n  a Uher 5000 

r eco rde r  t h i s  means a d i s t a n c e  g r e a t e r  than about 28.5 mm. ( I n d i v i d u a l  

machines of t h e  same kind can d i f f e r ;  i n  t h e  Exhib i t  60 machine t h e  d i s t a n c e  

between heads i s  28.6 mm.) After  t h e  second record ing  s t a r t s  up, t h e  e r a se  

head passes  over t h e  record and e r a s e  head marks l e f t  by t h e  f i r s t  record ing ,  

so  both  those  marks w i l l  d i sappear .  Since t h e  e r a s e  head i t s e l f  l eaves  no 

mark when it i s  energized,  t h e  only  d i s t i n c t i v e  mark l e f t  on t h e  t a p e  f o r  

t h i s  over lay  type  i s  t h e  record-head-on mark made when t h e  second record ing  

began. 

However, something more than t h e  record-head-on mark i s  l e f t  on t h e  

t a p e  a s  a r e s u l t  of an over lay  ope ra t ion  of type  one. Any s i g n a l s  t h a t  had 

been recorded dur ing  t h e  f i r s t  pas s ,  and t h a t  l i e  between t h e  r eco rd  and 

e r a s e  heads a t  t h e  beginning of t h e  second pas s ,  w i l l  become p a r t i a l l y  

e rased  by t h e  record head, Fu r the r ,  t h e  record head may record  new s i g n a l s  

on t o p  of t h e  ones recorded e a r l i e r .  

I n  t h e  t ape  of June 2 0 ,  1972, t h e  f i r s t  type of ove r l ay  produces what 

we c a l l  buzz on buzz. The record head has pu t  a new buzz s i g n a l  on t o p  of 

a p a r t i a l l y  e rased  buzz s igna l .  The length  of t h e  underbuzz i s  t h e  28.6 rnm 

d i s t a n c e  between t h e  record  and e r a s e  heads a t  t h e  p o i n t  where they  s t a r t e d  

going over  t h e  t ape  t h e  second time. 



I n  t h e  second type  of over lay  t h e  t a p e  i s  moved backward by l e s s  

than  t h e  record-to-erase-head d i s t ance .  The e r a s e  head i s  riow between 

t h e  record-head-off and t h e  q u a r t e t  l e f t  by t h e  f i r s t  record ing ,  ready t o  

pas s  over only  t h e  q u a r t e t .  The record head i s  i n  p o s i t i o n  t o  pas s  over  

both t h e  record-head-off and q u a r t e t  marks. Note t h a t  t h e  s ec t ion  of t a p e  

between t h e  record-head-off mark and t h e  q u a r t e t  was coinpletely e rased  by 

t h e  f i r s t  pass .  

A t  t h e  s t a r t  of t h e  second pas s ,  t h e  record  head p u t s  down t h e  record- 

head-on mark. The record head w i l l  now p a r t i a l l y  e r a s e  t h e  segment between 

t h e  f r e s h  record-head-on mark and t h e  record-head-off mark made i n  t h e  f i r s t  

pass .  Also, t h e  record head w i l l  pu t  any new s i g n a l  on t o p  of t he  previous  

s igna l .  Af t e r  t h e  record head passes  t h e  record-head-off mark it w i l l  be 

record ing  on completely e rased  t a p e ,  and t h e  e r a s e  head w i l l  have e r a s e d  

t h e  q u a r t e t  l e f t  by t h e  f i r s t  pass .  In  t h e  second type  of over lay ,  a s  i n  

t h e  f i r s t ,  a s e c t i o n  of underbuzz appears ,  b u t  t h i s  t ime it i s  s h o r t e r  than  

t h e  record-to-erase head d i s t ance .  Its l eng th  i s  equal  t o  t h e  amount by 

which t h e  t a p e  had been moved backward, which i s  t h e  d i s t a n c e  between t h e  

new record-head-on mark and t h e  record-head-off mark of t h e  f i r s t  recording.  

In  t h e  t h i r d  type  of over lay ,  t h e  t a p e  is moved forward by an amount 

l e s s  than t h e  d i s t a n c e  between t h e  record and e r a s e  heads. A s  a r e s u l t ,  

a l l  t h r e e  k inds  of  marks w i l l  remain on t h e  tape .  The one f a r t h e s t  back 

i s  t h e  record-head-off mark made a t  t h e  end of t h e  f i r s t  s e c t i o n  of record ing ,  

The next  one i s  t h e  new record-head-on mark. The t h i r d  one i s  t h e  q u a r t e t  

l oca t ed  where t h e  e r a s e  head stopped a t  t h e  end of t h e  f i r s t  recording.  

However, a f t e r  t h e  second sec t ion  of record ing  s t a r t s  up, t h e  record head 

passes  over  t h e  q u a r t e t  and p a r t i a l l y  e r a s e s  t h e  upper 2 . 4  mm of it. This  

"overwr i t ten"  q u a r t e t  i s  a su re  s ign  t h a t  t h e  record head passed by a f t e r ,  

no t  be fo re ,  t h e  e r a s e  head pu t  down t h e  q u a r t e t .  

The d i s t a n c e  by which t h e  t ape  moves forward i n  t h e  type t h r e e  over lay  

measures o f f  what we c a l l  a "window." This  i s  t h e  p a r t  of t h e  t a p e  t h a t  

l i e s  between t h e  q u a r t e t  made a t  t h e  end of t h e  f i r s t  s e c t i o n  of record ing  

and t h e  l o c a t i o n  of t h e  e r a s e  head a t  t h e  s t a r t  of t h e  second s e c t i o n ,  The 

e r a s e  head while  it was energized has not  passed over  t h i s  window, so  

whatever s i g n a l s  may have been recorded on t h e  t a p e  before  t h e s e  re - record ing  

ope ra t ions  commenced w i l l  show through t h e  window t o  some ex ten t .  Actua l ly ,  



t he  record head w i l l  p a r t i a l l y  e r a s e  t h e  s i g n a l s  p rev ious ly  recorded  i n  t he  

window a r e a  and a t  t h e  same time w i l l  w r i t e  a  new s i g n a l  i n  t h i s  a rea .  I f  

t h e  o r i g i n a l  s i g n a l  were speech and t h e  new s i g n a l  buzz, then  t h e  window 

would conta in  a  composite record ing  t h a t  may be r e f e r r e d  t o  a s  "underspeech." 

Two such windows appear  i n  t h e  Evidence Tape and both appear  t o  conta in  

"underspeech." A 7 mm (0.3 s ec )  window occurs  a t  49 seconds a f t e r  t h e  s t a r t  

of t h e  buzz sec t ion  on t h e  Evidence Tape. Also, a  13 mm (0.55 s e c )  window 

occurs  a t  1042 seconds i n t o  t h e  buzz sec t ion .  The l eng th  of each window 

must correspond e x a c t l y  t o  t h e  d i s t a n c e  t h a t  t h e  t ape  was advanced i n  t h i s  

type  of overlay.  

A t h i r d  window of tfie same genera l  kind,  no t  involving displacement  

of  t h e  t ape ,  occurs  a t  t h e  very beginning of t h e  buzz sec t ion .  The window 

i s  t h e  f u l l  l ength  of t h e  spacing between record and e r a s e  heads. Because 

it i s  carved out  of ongoing conversa t ion ,  it i s  e s p e c i a l l y  h e l p f u l  i n  showing 

what underspeech should look l i k e  when analyzed i n  va r ious  ways. 

A fou r th  over lay  type  would involve motion of t h e  t a p e  i n  t h e  forward 

d i r e c t i o n ,  bu t  by a d i s t a n c e  g r e a t e r  than 28.6 mi l l imeters .  Hence, a t  t h e  

i n i t i a t i o n  of  t h e  second segment, both t h e  e r a s e  and record  heads would be 

f a r t h e r  down t h e  t a p e  than  t h e  e r a s e  head was when t h e  f i r s t  s e c t i o n  was 

terminated.  This type  of  over lay  would a l s o  leave  a l l  t h r e e  types  of magnetic 

marks. But i t s  most d i s t i n c t i v e  c h a r a c t e r i s t i c  would be t h a t  an  i s l a n d  of 

t h e  o r i g i n a l  record ing  would be l e f t  i n t a c t ,  bounded by t h e  e a r l i e r  and l a t e r  

segments of rerecorded s i g n a l .  No in s t ance  of t h i s  kind was found on t h e  

Evidence Tape. 

Technical  Note 3 d e s c r i b e s  over lays  i n  a  somewhat d i f f e r e n t  way and 

shows them diagrammatical ly .  Also,  t h e  method of des igna t ion  d i f f e r s ,  a s  

fo l lows  : 

Designation of Overlay Types 

In t h i s  
Technical Note 

1 n 
Technical Note 3 

Type 1 
Type 2 
Type 3 
Type 4 

Case D 
Case C 
Case A 
Case B 



Technical  Note 2  

COMPARATIVE STUDY OF MAGNETIC MARKS AND WAVEFORMS 

The White House tape  of June 20, 1 9 7 2 ,  con ta ins  an 18.5 minute 

buzz s e c t i o n  of hum n o i s e s ,  c l i c k s ,  and o t h e r  non-speech sounds. To 

f i n d  o u t  how t h e  buzz sec t ion  was produced has been a  major purpose of 

t h e  P a n e l ' s  s tudy.  In  seeking t h e  answer we have made ex tens ive  use  

of  magnetic marks and waveforms. 

A d e t a i l e d  d e s c r i p t i o n  of magnetic marks, which a r e  magnetic p a t -  

t e r n s  made v i s i b l e  on the  tape ,  appears  i n  Technical Note 1. I t  ex- 

p l a i n s  how t h e  marks a r e  measured and analyzed t o  g ive  information about 

t h e  r eco rde r  ope ra t ions  t h a t  p u t  t he  p a t t e r n s  on t h e  t ape .  

In  t h i s  Technical Note we f i r s t  d e s c r i b e  waveforms and e x p l a i n  how 

we obta ined  them from t h e  tape.  Then we d e f i n e  "events"  on t h e  t a p e  

a s  s e t s  of magnetic marks and waveforms r e l a t e d  t o  va r ious  o p e r a t i o n s  

of  t h e  r eco rde r  when t h e  buzz s e c t i o n  was recorded.  This  Note g ives  a  

d e t a i l e d  p r e s e n t a t i o n  of the  observed marks and waveforms from which 

we der ived  the  ex i s t ence  of 1 3  even t s  c r e a t e d  by s t a r t s ,  s t o p s ,  and 

o t h e r  ope ra t ions  of  t h e  recorder .  



Waveforms and t h e i r  Production 

A waveform i s  a g raph ica l  t ime-picture of a  s i q n a l .  I t  i s  a  graph 

showing t h e  f l u c t u a t i o n s  of t h e  s i g n a l  p l o t t e d  v e r t i c a l l y  and the time 

p l o t t e d  h o r i z o n t a l l y .  The waveform corresponding t o  s i g n a l s  recorded on 

a  tape  can be obta ined  by p l ay ing  t h e  t ape ,  feeding the e l e c t r i c a l  s i g n a l s  

i n t o  an o s c i l l o s c o p e ,  and observing t h e  e l e c t r i c a l  waveform t r a c e d  on t h e  

screen .  The r e s u l t ,  which can be photographed a s  a  permanent record,can 

be matched up wi th  a  p i c t u r e  of t h e  magnetic marks obta ined  from t h e  

same s i g n a l s  on t h e  t ape .  Large pu l se s  o r  wiggles i n  t he  waveform w i l l  

correspond t o  s t rong  marks. Small v a r i a t i o n s  i n  t h e  waveform may come 

from s i g n a l s  so  weak t h a t  they cannot be seen i n  magnetic marks on t h e  

tape .  F igures  1 and 2 show examples of waveforms. 

Figure 1 .  Wavefornls corresponding to the magnetic 

marks seen in Figure 3 .  Enlargements o f  waveform 

Sections A and B appear i n  Figure 2 .  



For t h e  most p a r t ,  t h e  Panel  produced t h e  waveforms f o r  i t s  s tudy  

by us ing  techniques  involv ing  d i g i t a l  computers,  which o f f e r  much more 

f l e x i b i l i t y  and power than  the  s imple use o f  o s c i l l o s c o p e s  can provide .  

We played t h e  t ape  a t  i t s  normal speed on a  Sony 800B r e c o r d e r ,  e l e c -  

t r i c a l l y  f i l t e r e d  t h e  ou tpu t  t o  a  bandwidth of  4 k i l o h e r t z , a n d  d i g i t i z e d  

t h e  r e s u l t i n g  e l e c t r i c a l  s i g n a l  a t  a  sampling r a t e  of  10,000 samples p e r  

second. We d i d  t h e  d i g i t i z i n g  by us ing  a  p r e c i s i o n  ana log - to -d ig i t a l  

conve r t e r  capable  of genera t ing  14 b i t s  p e r  sample. 

The d i g i t i z e d  waveforms thus  produced were s t o r e d  i n  a  magnetic 

memory. By us ing  a  s u i t a b l e  computer program, we could c a l l  f o r t h  any 

s e c t i o n  of  t h e  waveform a t  w i l l ,  and we could have it d isp layed  on a  

d i g i t a l l y - c o n t r o l l e d  p l o t t e r .  The program gave us  g r e a t  f l e x i b i l i t y  i n  

c a l l i n g  up any segment we wished t o  see  and d i sp l ay ing  it a t  v a r i o u s  

s c a l e s .  We could look a t  a  long s e c t i o n  of  t h e  waveform, such a s  t h e  

one i n  F igure  1, and then e a s i l y  zoom i n  on small  d e t a i l s  such a s  t hose  

seen i n  F igure  2 .  To have obta ined  s i m i l a r  comparisons a t  v a r i o u s  s c a l e s  

without  u s ing  t h e  powerful d i g i t a l  methods of  t h e  computer would have 

been an enormously t ed ious  undertaking.  

2a 2b 

Figure 2 .  Enlargements of sections A and B in Figure 1 .  



Using d i g i t a l  methods we produced and photographed e l e c t r i c a l  

waveforms corresponding t o  a l l  t h e  s i g n i f i c a n t  e v e n t s  f o r  which w e  had 

developed magnetic marks. For each magnetic mark on t h e  t a p e ,  we used 

t h e  corresponding waveform t o  confirm and extend o u r  exp lana t ion  o f  t h e  

causes  of t h e  mark. A l l  t h e  waveforms shown i n  t h i s  Technical  Note were 

produced and used i n  t h i s  way. 

D e f i n i t i o n  of Events  on t h e  Tape 

The beginnings and endings of segments on recorded t a p e  c a r r y  

d i s t i n c t i v e  marks t h a t  i n d i c a t e  t h e  behavior  of  t h e  r e c o r d e r  when it 

was making t h e  segment. We c a l l  each s e t  of  such d i s t i n c t i v e  marks an 

event .  

The tests we have made on t h e  Evidence Tape show t h a t  t h e  18.5 

minute buzz s e c t i o n  d i v i d e s  n a t u r a l l y  i n t o  1 3  major even t s .  Two of  

them occur a t  t h e  beginning and end of t h e  s e c t i o n ,  one occu r s  j u s t  be- 

f o r e  t h e  buzz s e c t i o n ,  and t h e  o t h e r  1 0  occur w i t h i n  t h e  buzz s e c t i o n .  

Each of t h e  t h i r t e e n  even t s  i s  p l a i n l y  a u d i b l e  du r ing  normal play-  

back of t h e  t ape .  Each event  shows one o r  more c h a r a c t e r i s t i c  magnetic 

marks. Each even t  a l s o  shows up i n  t h e  form of  c h a r a c t e r i s t i c  p a t t e r n s  

i n  t h e  waveforms ob ta ined  from t h e  t ape .  

Locat ing Events on t h e  Tape 

The very f i r s t  t e s t s  we made on t h e  Evidence Tape were l i s t e n i n g  

t e s t s .  We l i s t e n e d  c a r e f u l l y  many t imes t o  a  seventy  minute s e c t i o n  of 

t h i s  t ape ,  which inc luded  t h e  buzz s e c t i o n .  Our major o b j e c t i v e  was 

t o  l o c a t e  unusual sounds t h a t  might provide c l u e s  t o  t h e  a u t h e n t i c i t y  

o r  i n t e g r i t y  of t h e  Evidence Tape. 

When t h e  buzz s e c t i o n  of  t h e  Evidence Tape and t h e  f i v e  seconds 

preceding it a r e  p layed  under normal cond i t i ons  through good l i s t e n i n g  

dev ices ,  t h e  l i s t e n e r  h e a r s  a  s h o r t  s e c t i o n  of speech followed immediately 

by a  loud buzz. The buzz l a s t s  18.5 minutes and i s  i n t e r r u p t e d  from 

time t o  t ime by a  v a r i e t y  of  n o t i c e a b l e  c l i c k i n g  sounds. The charac-  

t e r i s t i c s  of  t h e s e  c l i c k i n g  sounds a r e  somewhat v a r i e d .  I n  a d d i t i o n ,  

they  a r e  sometimes accompanied by momentary changes i n  t h e  l e v e l  of  



of the  buzz. Some of the  sounds, although p l a i n l y  audible ,  seem more 

l i k e  thumps than c l i c k s .  

When a l l  the  s i g n i f i c a n t  c l i c k s  and o the r  sounds had been loca ted  

on t h e  tape ,  we developed the  corresponding por t ions  of t h e  tape  t o  

produce magnetic marks a s  described i n  Technical Note 1. Then w e  ca te -  

gorized the  marks, s ing ly  o r  i n  groups, according t o  t h e i r  appearance. 

We l abe l l ed  the  marks a s  events and, f i n a l l y ,  located each event  more 

p r e c i s e l y  a s  t o  i t s  time of occurence a f t e r  the  s t a r t  of t h e  buzz sec t ion .  

I d e n t i f i c a t i o n  of Events by Analysis of Magnetic Marks and Waveforms 

A s  we have mentioned i n  Technical Note 1, both the magnetic marks 

and t h e  waveforms provide e s s e n t i a l  da ta .  Neither kind of t e s t  r e s u l t  

by i t s e l f  can y ie ld  a f u l l  and accura te  explanation of the  events  on 

the  tape .  Now we explain i n  more d e t a i l  why both approaches a r e  needed. 

Figure 3 shows a photograph of  the  magnetic marks a c t u a l l y  appearing 

on t h e  Evidence Tape a t  the  po in t  where the  buzzing sec t ion  ends and the  

speech resumes. We can t e l l  q u i t e  a b i t  from these  magnetic marks about 

the  na ture  of t h i s  event.  F i r s t  we see  on the  l e f t  a magnetic t r a c k  

composed of what appears t o  be r e g u l a r l y  spaced marks s imi la r  t o  those  

l e f t  by a c a t e r p i l l a r  t r a c t o r  and terminated i n  what appears t o  be a 

s i n g l e  l ine .  On the  r i g h t  we see  a t r a c k  of more i r r e g u l a r  cha rac te r  

bounded on i ts  l e f t  by a complex of l i n e s .  In between the re  i s  a sec t ion  

of completely blank tape. 

1 - 2 8 . 6  rnrn _I 

Figure  3. Magnetic marks i n  s tandard fo rmat .  



The magnetic marks on t h e  r i g h t  i n  Figure 3 s t r o n g l y  sugges t  t h a t  

t h e  s e t  of fou r  3-mil l imeter  wide l i n e s ,  o r  q u a r t e t ,  was made by de- 

ene rg i z ing  t h e  e r a s e  head a t  t h e  moment when t h e  buzz s e c t i o n  was 

te rmina ted .  W e  a r r i v e  a t  t h i s  s ta tement  by see ing  t h e  q u a r t e t  l o c a t e d  a t  

t h e  end of t h e  buzz s e c t i o n ,  and by not ing  t h e  obvious s i m i l a r i t y  between 

t h e  q u a r t e t  and t h e  marks produced by t e s t s  involv ing  known machines 

ope ra t ed  i n  p re sc r ibed  modes ( s e e  s p e c i f i c a l l y  F igure  2 and Sec t ion  2 

of Technical  Note 1). The s i n g l e  s t r o n g  l i n e  on t h e  l e f t  of F igure  3 ,  

be ing  28.6 mi l l ime te r s  from t h e  q u a r t e t  and only  2 . 4  m i l l i m e t e r s  wide, 

would then be a  record-head-off mark, which r e s u l t s  from t h e  s imultaneous 

de-energ iza t ion  of  t h e  r eco rd  head. 

However, t h e  magnetic mark photographs do n o t  p rovide  enough a n a l y t i c a l  

d e t a i l  t o  permi t  d e t a i l e d  examination of t h i s  t ape .  For a  b e t t e r  under- 

s t and ing  of  t h i s  s t a t emen t ,  l e t  u s  re-examine F igure  1. Th i s  f i g u r e  

shows a  photograph of t h e  waveform produced by the  segment of t ape  i l l u s -  

t r a t e d  i n  F igure  3. The l a r g e  sharp  pu l se  a t  t h e  l e f t  i n  F igure  1 co r r e s -  

ponds t o  t h e  s i n g l e  s t r o n g  magnetic mark shown a t  t h e  l e f t  i n  F igure  3. 

The complex of  l a r g e  p u l s e s  near  t h e  r i g h t  of F igure  1 a r e  t h e  waveform 

r e p r e s e n t a t i o n  of q u a r t e t  marks seen on t h e  r i g h t  of  F igure  3 .  The sepa- 

r a t i o n  i n  time between t h e  record-head-off pu l se  and t h e  q u a r t e t  p u l s e s  

i s  1 . 2  seconds, which i s  t h e  p lay ing  t ime,  a t  23.8 m i l l i m e t e r s  p e r  second. 

of a  t ape  segment 28.6 m i l l i m e t e r s  long .  The r e l a t i o n s h i p  o f  t he  magnetic 

marks i n  t h e  event  shown by F igure  3 i s  a c c u r a t e l y  presezved i n  F igure  1. 

Figure 2 ,  which shows t h e  waveform of Figure 1 expanded by a f a c t o r  

of 4 i n  t h e  t ime s c a l e ,  c l e a r l y  r e v e a l s  many minute d e t a i l s  on ly  weakly 

suggested i n  Figure 1 and n o t  observable  a t  a l l  i n  F igure  3. For example, 

i n  F igure  2a we see  t h e  very  small  d e t a i l e d  wiggles  on t h e  r e g u l a r  buzz 

waveform p a t t e r n  appearing j u s t  be fo re  t h e  record-head-off pu l se .  Indeed 

t h e  record-head-off p u l s e  i t s e l f  can be observed t o  be a  complex o f  many 

f a s t  wiggles ,  a t  l e a s t  t h r e e  of  which can be p l a i n l y  observed. The q u a r t e t  

n a t u r e  of  t h e  erase-head-off-pulses a r e  p l a i n l y  v i s i b l e  i n  F igure  2b. 

Immediately fol lowing it a r e  t h e  i r r e g u l a r  p a t t e r n s  of  a  speech waveform, 

which should be compared w i t h  t h e  buzz waveform on t h e  l e f t .  



By r e p e a t e d  examina t ion  and v i s u a l  c o r r e l a t i o n  o f  F i g u r e s  1, 2,  and 

3 t h e  r e a d e r  can  s e e  how t h e  minute waveform d e t a i l s  i n  F i g u r e  2  s e r v e  

as a kind o f  magnifying g l a s s  f o r  t h e  magnet ic  marks o f  F i g u r e  3. However, 

t h e  waveforms o f  F i g u r e s  1 and 2  p r o v i d e  i n s u f f i c i e n t  i n f o r m a t i o n  f o r  

r e l i a b l e  s e p a r a t i o n  o f  p u l s e s  t h a t  a r e  record-head r e l a t e d  from t h o s e  

t h a t  a r e  erase-head r e l a t e d .  S p e c i f i c a l l y ,  t h e  waveforms d e p i c t e d  i n  

F i g u r e s  1 and 2 cannot  p o s s i b l y  d e p i c t  t h e  w i d t h s  o f  t h e  marks shown i n  

F igure  3 ,  which p o s i t i v e l y  d i s t i n g u i s h  between record-head and erase-head 

a c t i v i t y .  (See Pages 1 .2  and 1.3 i n  ~ e c h n i c a l  Note 1.) 

Pages  1 . 2  and 1 . 3  i n  T e c h n i c a l  Note 1.) 

We t u r n  now t o  a d e t . a i l e d  example of t h e  u s e  o f  magnet ic  marks and 

waveforms t o  e l u c i d a t e  an  e v e n t  on t h e  t a p e .  F i g u r e  4  shows a  s e t  o f  

magnet ic  marks a p p e a r i n g  a t  abou t  48 seconds  i n t o  t h e  buzz s e c t i o n  o f  

t h e  Evidence Tape. We can  s e e  i n  F i g u r e  4a magnet ic  p a t t e r n s  s i m i l a r  

t o  t h o s e  i n  F i g u r e  3 .  There  i s  on t h e  l e f t  a  s i n g l e  l i n e  2.4 m i l l i m e t e r s  

wide and on t h e  r i g h t ,  a l t h o u g h  somewhat obscured ,  a  group of  f o u r  l i n e s  

3 m i l l i m e t e r s  wide.  I n  F igure  4 a ,  somewhat t o  t h e  l e f t  o f  t h e  c e n t e r  

i s  a  much b r o a d e r  l i n e  2 .4  m i l l i m e t e r s  wide,  d i f f e r e n t  i n  n a t u r e  from 

a n y t h i n g  e l s e  we s e e  i n  F i g u r e  3. 

Because o f  i t s  d i s t i n c t i v e  c h a r a c t e r ,  t h e  q u a r t e t  on t h e  r i g h t  can 

immediately be i d e n t i f i e d  a s  an e r a s e  head d e - e n e r g i z a t i o n  mark. The width  o f  

t h e  l i n e s  i s  t h r e e  m i l l i m e t e r s ,  a s  noted e a r l i e r .  The 3  m i l l i m e t e r  wid th  

of t h e  q u a r t e t  removes a l l  doubt  a s  t o  t h e  s o u r c e  o f  t h i s  group o f  f o u r  

l i n e s .  I t  must. be  an  erase-head mark and s p e c i f i c a l l y  an erase-head-off  

mark. Knowing t h i s  and look ing  28.6 m i l l i m e t e r s  t o  t h e  l e f t ,  as measured 

on t h e  s c a l e  i n  t-he pho tograph ,  we s e e  t h a t  t h e  s i n g l e  l i n e  v i s i b l e  t h e r e  

i s  a  record-head-off  mark a s s o c i a t e d  w i t h  t h e  erase-head-off  mark j u s t  

mentioned, The s i m i l a r i t y  w i t h  F i g u r e  3  i s  p r e t t y  conv inc ing .  But how 

can  we be s u r e ?  

I n  F i g u r e  4b we have t h e  waveform produced by t h i s  e v e n t .  On t h e  

l e f t  we have t h e  b r i e f  complex c h a r a c t e r i s t i c  o f  t h e  record-head-off  

p u l s e  which we i d e n t i f i e d  i n  F i g u r e s  1 and 2a.  



0 10 20 30 
distance/ [mrn] 

4a. Magnetic marks 

4b. Waveforms 

F igure  4. Magnetic marks and waveforms associated w i t h  event B2. 



On t h e  r i g h t  a r e  t h e  fou r  pu l se s  c h a r a c t e r i s t i c  of t h e  q u a r t e t  p u l s e s  

seen i n  F igu res  1 and 2a, and having t h e  same r e l a t i v e  p o l a r i t y .  The 

sepa ra t ion  i n  t ime between the  pu l se s  of t h e  event  shown i s  t h e  same 

a s  i n  Figure 1. Now we a r e  su re  t h a t  t h e  mark on t h e  l e f t  edge of 

Figure 4  i s  a  record-head-off mark. 

But what of t h e  mark i n  t h e  middle of F igure  4a? I ts  waveform can 

be seen i n  F igure  4b. Now t h i s  is  something very d i f f e r e n t .  In  o rde r  

t o  i d e n t i f y  it, we aga in  made comparisons wi th  photographs of  t e s t  marks 

and t e s t  waveforms ( see  e s p e c i a l l y  F igure  3 i n  Technical  Note 1 and 

Figures  4  and 12 i n  Technical Note 3 ) .  The f i n a l  conclusion was t h a t  

t h i s  mark i s  a  record-head-on mark. 

We performed ana lyses  s imi l a r  t o  t hese  f o r  a l l  the  major events  

involved i n  t h e  18.5 minutes of buzz. W e  compared and c o r r e l a t e d  a l l  

t h e  a v a i l a b l e  information.  We made s imula t ion  t a p e s  under known condi- 

t i o n s ,  us ing  t h e  evidence machine and o t h e r  Uher r eco rde r s .  In  a l l  

c a ses ,  ques t ionab le  information was subjec ted  t o  confirming t e s t s  u n t i l  

we removed o r  reduced t h e  ques t ionable  f a c t o r s  i n s o f a r  a s  p o s s i b l e .  

Compilation of Data and I n t e r p r e t a t i o n s  Concerning t h e  Events on t h e  Tape 

This  Technical  Note concludes with a  compilat ion of information on 

t h e  events  a s  de r ived  from a  comparative s tudy of magnetic marks and 

waveforms. Each of  t h e  1 3  events  i s  descr ibed  by a  f i g u r e  t h a t  i l l u s t r a t e s  

both k inds  of t e s t s ,  accompanied by explanatory t e x t .  

I n  t he  f i g u r e s ,  the  developed p i c t u r e  of magnetic marks i s  a s s o c i -  

a t e d  wi th  a  mi l l ime te r  s c a l e  t h a t  was photographed a t  t h e  same time a s  

the  t ape .  This  d i r e c t  a s soc i a t ion  of t h e  s c a l e  ensures  accuracy of 

measurements made between marks of i n t e r e s t  on the  t ape ,  and a l s o  al lows 

f o r  u n i n t e n t i o n a l  v a r i a t i o n s  i n  t he  magni f ica t ion  f a c t o r ,  which nominally 

was 2.8-to-1. We at tempted t o  reproduce t h e  waveforms and magnetic marks 

a t  t h e  same s c a l e .  In  t he  ac tua l  reproduct ions  p r i n t e d  he re ,  t h e  wave- 

forms t u r n  o u t  t o  be about one percent  longer  than  the  magnetic marks. 



The f i g u r e s  t h a t  fo l low appear  i n  t h e  o rde r  i n  which t h e  e v e n t s  

occur  on t h e  Evidence Tape. To guide t h e  r e a d e r ,  we t a b u l a t e  t h e  

f i g u r e  numbers and even t  codes ,  and i n d i c a t e  t h e  f i g u r e s  t h a t  i l l u s t r a t e  

t h e  corresponding even t s  i n  Technica l  Note 3. 

F igure  Event ' Event Corresponding 
Number Code Time Figure  i n  TN 3 

The Panel d i d  n o t  d i s cove r  and i d e n t i f y  t h e  even t s  i n  t h e  same o r d e r  

a s  t hey  appear on t h e  t ape .  Rather ,  we worked back and f o r t h ,  s t a r t i n g  

wi th  t h e  s impler  and more obvious d a t a  and g radua l ly  unfo ld ing  t h e  meaning 

of t h e  more s u b t l e  i n d i c a t i o n s .  The r eade r  can r ecap tu re  some of t h e  

d i scovery  experience by s tudying  t h e  even t s  i n  t h e  fo l lowing  o r d e r :  A2 ,  F ,  

B 2 ,  C1, C 2 ,  D l  H a ,  E F ' ,  G ,  A1, E ,  and f i n a l l y ,  B1. 
b  ' 



The descript ions of the 13 major events 

on the EOB Tape of June 20, 1972 

commence on the next page. 



Figure  5 

Event A This  s e c t i o n  of t ape  occurs  s h o r t l y  before  the  buzz s e c t i o n .  
1 

Notice t h e  quadruple mark which i s  t h r e e  mi l l ime te r s  wide. This  is a 

Uher erase-head-off mark. I t s  occurrence here i s  r a t h e r  s u r p r i s i n g .  

The record-erase  e l e c t r o n i c s  must have been energized and then  de- 

energized without any t ape  motion i n  t h e  in t e r im .  Notice t h a t  t h e  

magnetic sound t r a c k  i s  2 . 4  mi l l ime te r s  wide. These magnetic marks 

a r e  q u i t e  t y p i c a l  of speech recorded on a ha l f  t r a c k  of q u a r t e r  i nch  

tape .  (The 2 . 4  mi l l ime te r  dimension corresponds t o  t he  nominal width of  

t he  gap i n  t he  record head.)  



EVENT A, TN 2.13 

2.92 seconds be'fore start of buzz 

4.0860L3 2.0480L4 
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Figure  6 

Event A2. The f i r s t  2 9  m i l l i m e t e r s  of t h e  t r a c k  i n  t h e  photograph shows 

a  normal record ing  of speech. A complex of magnetic marks, about  3 m i l l i -  

meters  long,  marks t h e  s t a r t  of t h e  18.5 minute buzz s e c t i o n .  The 

l a s t  s i x  o r  e i g h t  mi l l ime te r s  show a r e g u l a r  p e r i o d i c  p a t t e r n  of  magnetic 

marks. The frequency of  t h e  waveform i n  t h e  l a s t  s i x  o r  e ighh m i l l i m e t e r s  

i s  60 Hz corresponding t o  t h e  power l i n e  frequency. The complex of  mag- 

n e t i c  marks and t h e  corresonding waveform p u l s e s  t h a t  a r e  l oca t ed  a t  t h e  

t r a n s i t i o n  between the  speech and t h e  buzz s e c t i o n  c l e a r l y  i d e n t i f y  t h i s  

a s  a  record-head-on event .  These record-head-on marks and p u l s e s  a r e  

t y p i c a l  of  t h e  Uher 5000 machine when record ing  without  i npu t  and t h e  

RECORDING LEVEL i s  a t  maximum. - In  gene ra l ,  record-head-on p u l s e s  a r e  

80 t o  100 mi l l i seconds  i n  d u r a t i o n  b u t  a r e  v a r i a b l e  i n  t h e  d e t a i l  o f  

t h e i r  c h a r a c t e r i s t i c s .  



EVENT Ap TN 2.15 

start of buzz: 0.00 seconds 

4.8968L3 2.94g0E4 

E N L A R G E M E N T  O F  RECORD 7-9 



Figure 7 

Event B A t  t h i s  p o i n t  on the  t ape ,  46 .36  seconds a f t e r  t h e  beginning 
1 ' 

of the  buzz sec t ion ,  the  amplitude of the  buzz drops markedly. This 

drop i n  amplitude i s  accompanied by a small but  d i s t i n c t  pulse .  This  

event  i s  c l e a r l y  audible  on the  tape.  However, our t e s t s  on t h i s  event  

uncover no ind ica t ions  t h a t  it i s  associa ted  with record head s t a r t  o r  

s t o p  a c t i v i t i e s  i n  the  way t h a t  o the r  major events  on t h i s  18.5 minute 

sec t ion  a r e .  



EVENT B, TN 2.17 

time in seconds after start of buzz 

2.84S0E3 1 . g432E4 
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Figure  8 

Event B2.  The event  shown i n  t h i s  f i g u r e  con ta ins  t h r e e  major magnetic 

marks. The c h a r a c t e r i s t i c  3 mi l l ime te r  q u a r t e t  near  t h e  r i g h t  hand edge 

i s  c l e a r l y  an erase-head-off mark. Notice t he  r a t h e r  c l e a r  0.5 m i l l i -  

meter s e c t i o n  of t h e  q u a r t e t  below t h e  t r a c k .  The remaining upper 2.4 

mi l l ime te r s  of t h e  q u a r t e t  i s  r a t h e r  smudged and i n d i s t i n c t  b u t  nonethe- 

l e s s  d e a r l y  i d e n t i f i a b l e .  In  t h e  Uher 5000 r eco rde r ,  t h e  s e p a r a t i o n  

between t h e  record-head gap and t h e  erase-head gap i s  28.6 mi l l ime te r s .  

We use t h i s  dimension t o  i d e n t i f y  t he  f i n e  2 . 4  mi l l ime te r  l i n e  n e a r e s t  

t he  l e f t  hand s i d e  of t h e  photograph a s  a  record-head-off mark a s s o c i -  

a t e d  with t h e  erase-head-off mark j u s t  descr ibed .  Having i d e n t i f i e d  

t h i s  f i n e  l i n e  on t h e  l e f t  a s  a  record-head-off mark through t h i s  geo- 

me t r i c  argument, we t u r n  ou r  a t t e n t i o n  t o  t h e  waveform. We s e e  t h a t  

i n  t h i s  case  a  record-head-off waveform i s  extremely b r i e f  and " b i p o l a r . "  

Compare t h i s  wi th  Event F where t h e  i d e n t i f i c a t i o n  problem i s  g r e a t l y  

eased by t h e  f a c t  t h a t  t h e  marks t h e r e  correspond t o  t h e  te rmina t ion  of  

t h e  18.5 minute buzz s e c t i o n .  

The middle mark i n  t h e  photograph i s  c l e a r l y  i d e n t i f i e d  a s  a  record-  

head event  by i t s  2.4 mi l l ime te r  t a p e  width dimension. Since t h e  o t h e r  

two magnetic marks have been a s s o c i a t e d  wi th  a  t ape  r eco rde r  s topping  

a c t i o n  and s i n c e  t h e  buzz s e c t i o n  does not  te rmina te  he re ,  we a r e  l e d  

t o  t h e  l o g i c a l  conclusion t h a t  t h i s  mark i s  a  record-head-on mark. 

Comparison of t h e  middle p u l s e  i n  t he  waveform wi th  t h e  pu l se  i n  Event 

A2 
r e i n f o r c e s  t h i s  assumption, a s  does t h e  f a c t  t h a t  loud buzz resumes 

immediately a f t e r  it. I n  a d d i t i o n ,  t h e  2.4 mi l l imeter  smudged p o r t i o n  

of t h e  q u a r t e t  on t h e  r i g h t  s t r o n g l y  impl ies  t h a t  t h e  waveform beginning 

a t  t h e  middle mark was recorded on top  o f ,  and t h e r e f o r e  a f t e r ,  t h e  

erase-head-off mark. These t h r e e  marks c o n s t i t u t e  a  type  3 record ing  

over lay .  



EVENT B2 TN 2.19 

0 10 20 3 0  
distanc ' [mml 

48.251 48.551 49.474 
time in seconds after s ta r t  of buzz 

6 . 0 0 0 0 E 3  2.23Z5E4 
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Figure  9 

Event D.  This  p i c t u r e  shows two magnetic marks. The f i r s t  one i s  very  

obvious and appears  s l i g h t l y  l e f t  of c e n t e r .  Its width of 2.4 m i l l i -  

meters  and i t s  gene ra l  c h a r a c t e r i s t i c s  r e v e a l  it t o  be  a  record-head- 

on mark. The second mark i s  much f a i n t e r  and occurs  approximately 17 

mi l l ime te r s  t o  t h e  r i g h t  of  t h e  f i r s t  one. ,Tts presence i s  seen i n  

t he  waveform diagram a s  a  very narrow-sharp pu l se .  We suspec t  t h a t  t h i s  

p u l s e  i s  a  K 1  p u l s e  which i s  descr ibed  f u l l y  i n  Technical  Note 8. This  

even t  i s  a  type  1 reco rd ing  over lay .  



EVENT D TN 2.21 

154.751 155.461 

time in seconds after start of buzz 

2.0000E3 1 .13%4E4 
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Figure 10 

Event E .  The magnetic mark seen i n  t h i s  f i g u r e  i s  almost c e r t a i n l y  no t  

associa ted  with any record head stopping o r  s t a r t i n g  c h a r a c t e r i s t i c s .  

We do not  know i t s  exact  cause, but  we conclude t h a t  i t s  presence does 

not a l t e r  our  i n t e r p r e t a t i o n  of o the r  major events  a s  being r e l a t e d  t o  

s t a r t  and s top  a c t i v i t i e s  of the  recorder.  See a l s o  Event B 1 ' 



EVENT E TN 2.23 

275.33 

t ime in seconds after start  of buzz 

1 .0000E0 1 .63114E4 
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Figure  11 

Event F'* This  f i g u r e  shows fou r  major magnetic marks. Le t  u s  cons ider  

t h e  one f a r t h e s t  t o  t h e  r i g h t  f i r s t .  I ts  3 m i l l i m e t e r  width c l e a r l y  

i d e n t i f i e s  it a s  e r a s e  head r e l a t e d .  However, he re  we see  on ly  one l i n e  

i n s t e a d  of t h e  usua l  f o u r - l i n e  q u a r t e t .  Ca re fu l  t e s t i n g  of t h e  UHER 5000 

machine r e v e a l s  t h a t  a  mark such a s  t h i s  can be made by f i r s t  producing 

a  q u a r t e t  and l a t e r  p a r t i a l l y  e r a s i n g  it by a r e a c t i v a t i o n  of t h e  e r a s e  

head, a f t e r  a  small  t a p e  displacement  i n  t h e  d i r e c t i o n  of t a p e  motion. 

Having i d e n t i f i e d  t h i s  mark a s  an erase-head-off mark, we a r e  l e d  t o  

look 28.6 m i l l i m e t e r s  t o  i t s  l e f t  f o r  t h e  corresponding record-head-off 

mark. We f i n d  t h i s  t o  be t h e  le f t -mos t  magnetic mark on t h e  photograph. 

Compare t h e  g e n e r a l  n a t u r e  o f  t h e  corresponding waveform p u l s e  wi th  t h e  

l e f t  most p u l s e  i n  Event C Both of t h e s e  p u l s e s  a r e  i d e n t i f i e d  a s  
2 ' 

record-head-off p u l s e s .  

The mark occu r r ing  about  one mi l l ime te r  t o  t h e  r i g h t  of  t h e  l e f t -  

most mark i n  t h i s  f i g u r e  must a l s o  be a  record  head mark by v i r t u e  of 

i t s  2 .4  mi l l ime te r  width.  This  mark is i d e n t i f i e d  a s  a  record-head-on 

mark by t h e  smudged n a t u r e  of t h e  erase-head mark on t h e  f a r  r i g h t  of 

t h e  photograph. Fu r the r  i n d i c a t i o n  comes from t h e  100 mi l l i second  

d u r a t i o n  of  t h e  corresponding pu l se  which i s  q u i t e  c h a r a c t e r i s t i c  of  a  

record-head-on waveform and should be compared wi th  t h e  o t h e r s  so 

ca t ego r i zed  i n  t h i s  c o l l e c t i o n .  The waveform of  t h e  second mark from 

t h e  l e f t  i n  Event G i s  very  s i m i l a r .  Notice t h a t  t h e  record-head-on 

mark i n  Event F '  and t h a t  shown i n  Event G a r e  t h e  o n l y  two a s s o c i a t e d  

wi th  t h e  s o f t  buzz s e c t i o n .  This  obse rva t ion  sugges t s  t h e  p o s s i b i l i t y  

t h a t  high b u t  n o t  maximum record  ga in  was probably i n  e f f e c t  when they  

were c r e a t e d .  

The f i n a l  mark i n  t h i s  f i g u r e  occurs  s l i g h t l y  l e f t  of c e n t e r .  I t  is  

t h e  2 .4  m i l l i m e t e r  t ype  and i s  q u i t e  weak i n  t h e  photograph b u t  c l e a r l y  

v i s i b l e  i n  t h e  waveform diagram. This  mark i s  not  u n l i k e  two o t h e r s  

p r e s e n t  i n  t h e  18.5 minute buzz s e c t i o n ,  one of which i s  t h e  second shown 

i n  Event yD. A s  de sc r ibed  i n  Technical  Note 8 ,  t h e s e  marks a r e  produced 

by t h e  o p e r a t i o n  of  swi tch  K 1  of  t h e  Uher 5000 machine. This  swi tch  

can only be opera ted  mechanical ly  by p re s s ing  keys on t h e  r e c o r d e r ' s  

keyboard. 
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Figure  12 

Event G. F i r s t  i n s p e c t i o n  r e v e a l s  t h r e e  magnetic marks i n  t h i s  p i c t u r e .  

There i s  a  f o u r t h  however. Upon c l o s e  i n s p e c t i o n  it can be seen about  

one mi l l ime te r  t o  t h e  r i g h t  o f  t h e  q u a r t e t  l o c a t e d  towards t h e  r i g h t  

o f  t h e  p i c t u r e  a t  t h e  p o i n t  marked 684.99 seconds a f t e r  t h e  s t a r t  of 

buzz. 

The c l e a r e s t  mark t o  be seen he re  i s  t h e  q u a r t e t  occu r r ing  near  t h e  

r i g h t  hand s i d e  o f  t h e  p i c t u r e .  I ts t h r e e  m i l l i m e t e r  width and its 

quadruple  n a t u r e  c l e a r l y  c l a s s i f y  it a s  an erase-head-off mark. Looking 

28.6 m i l l i m e t e r s  t o  t h e  l e f t  we f i n d  t h e  le f t -mos t  mark i n  t h e  photograph 

t o  be  t h e  a s s o c i a t e d  record-head-off mark. The 2 . 4  m i l l ime te r  width o f  

t h i s  mark confirms t h i s  conc lus ion .  In  a d d i t i o n ,  t h e  b r i e f  and b i p o l a r  

na tu re  of t h i s  p u l s e  p u t  it c l e a r l y  i n  t h e  same ca tegory  a s  t h e  le f t -mos t  

p u l s e  i n  Event B Compare i t  a l s o  wi th  t h e  l e f t -mos t  p u l s e  i n  Event F. 2  ' 
The obvious s i m i l a r i t i e s  between t h i s  event  and Event F1 l ead  us  t o  

i d e n t i f y  t h e  2.4 mi l l ime te r  wide mark occu r r ing  approximately 2  m i l l i -  

meters  t o  t h e  r i g h t  o f  t h e  j u s t  i d e n t i f i e d  record-head-off mark t o  be a  

record-head-on mark. The second mark i n  Event F1  is s i m i l a r .  

W e  t u r n  our  a t t e n t i o n  aga in  t o  t h e  f a i n t  3 mi l l ime te r  mark a t  634.99 

seconds. We n o t i c e  t h a t  it i s  e x a c t l y  28.6 m i l l i m e t e r s  t o  t h e  r i g h t  of 

t h e  record-head-on mark j u s t  d i s cus sed .  Extens ive  t e s t i n g  has  shown, 

however, t h a t  erase-head-on marks cannot  be produced. Since t h i s  f a i n t  

s i n g l e  t h r e e  mi l l ime te r  type  p u l s e  must be e r a s e  head r e l a t e d ,  we must 

conclude t h a t  it i s  a  p a r t i a l l y  e r a sed ,  erase-head-off mark. The implica-  

t i o n  is t h a t  a f t e r  t h e  UHER 5000 r eco rde r  had f i r s t  been stopped a t  

t h i s  p o i n t  on t h e  t a p e ,  it was subsequent ly  p u t  i n  and taken  o u t  of t h e  

record ing  mode wi thout  any ' t ape  motion i n  t h e  i n t e r im .  F i n a l l y ,  r eco rd ing  

was resume aga in ,  t h i s  t ime wi th  t ape  motion. 
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Figure  1 3  

Event C1. The magnetic mark on the  f a r  l e f t  of t h i s  p i c t u r e  i s  2 . 4  m i l l i -  

meters  wide. This  i d e n t i f i e s  it a s  a  record head mark. Comparison wi th  

s i m i l a r  marks shown i n  Event F '  and i t s  r e l a t i o n s h i p  t o  t he  o t h e r  mark 

i n  t h i s  f i g u r e ,  i . e . ,  t h e  d i s t a n c e  between t h e  marks being 23 mi l l ime te r s  

and no t  28.6 m i l l i m e t e r s ,  i n d i c a t e  t h a t  i t  is  a record-head-on. The 

waveform a n a l y s i s  r e v e a l s  t h a t  t h e  pulse  corresponding t o  t h e  le f t -most  

mark has a  du ra t ion  of 100 mi l l i seconds .  This  a l s o  confirms the  i d e n t i -  

f i c a t i o n  a s  a  record-head-on mark. 

The magnetic mark on the  r i g h t  appears  a l s o  a s  t h e  le f t -most  mark 

i n  Event C and i s  d iscussed  f u l l y  t h e r e .  2 
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Figure  14 

Event C2.  This  f i g u r e  shows t h r e e  magnetic marks. The f i r s t  and l e f t -  

most mark was a l s o  shown i n  Event C1. The second (which seems double)  

is  l o c a t e d  near  t h e  middle o f  t h e  p i c t u r e .  The t h i r d  is  l o c a t e d  a t  

t h e  f a r  r i g h t  of t h e  photograph. Compare t h i s  event  wi th  Event B A s  
2  ' 

we have a l r eady  seen ,  t h e  e a s i e s t  magnetic mark t o  i d e n t i f y  i s  t h e  

erase-head-off mark. The mark a t  t h e  extreme r i g h t  of  Event C2 i s  

c l e a r l y  of  t h i s  type.  Its uppermost 2.4 m i l l i m e t e r s  appear smudged a s  

i n  t h e  case  of  t h e  s i m i l a r  mark i n  Event B2. 

Looking 28.6 m i l l i m e t e r s  t o  t h e  l e f t  of  t h e  q u a r t e t ,  we come t o  

t h e  left-hand-most mark. Th i s  d i s t a n c e  and t h e  2.4 mi l l ime te r  width 

c l e a r l y  i d e n t i f y  it a s  a  record-head-off mark. Comparison wi th  t h e  

left-hand-most marks i n  Event B Event G and Event F r e v e a l s  t h a t  
2  

whi le  t h i s  p u l s e  i s  b i p o l a r  it does no t  pos se s s  t h e  same extremely 

b r i e f  na tu re  a s  t h e  o t h e r s .  I n  t h i s  r e s p e c t ,  it i s  f a r  more l i k e  t h e  

left-hand-most. mark i n  Event F ' .  The s t r e t c h e d  o u t  n a t u r e  of  t h i s  

record-head-off mark i s  expla ined  by t h e  f a c t  t h a t  a l though t h e  record-  

ing  e l e c t r o n i c s  was de-energized a t  t h e  moment t h a t  t h e  record  head 

passed t h i s  p o i n t  on t h e  t a p e ,  t ape  motion d i d  n o t  cease  a s  i s  t h e  

ca se  when a  record ing  i s  te rmina ted  by t h e  STOP key. A s t o p  such a s  

t h i s  i s  c a l l e d  a "running s top"  and can be e a s i l y  produced. One method 

is  simply t o  push t h e  START key dur ing  a  record ing .  Another i s  t o  

r e l e a s e  t h e  RECORDING key a  l i t t l e  too  e a r l y  j u s t  a s  a  r eco rd ing  is 

s t a r t e d  by t h e  s imultaneous depress ion  of t h e  RECORDING and START keys.  

The p a i r  of  marks i n  t h e  approximate middle o f  t h e  p i c t u r e  

i s  a c t u a l l y  a  s i n g l e  record-head-on mark. The record  head a f f i l i a t i o n  i s  

e a s i l y  e s t a b l i s h e d  by i t s  2.4 mi l l ime te r  width.  Fu r the r  conf i rmat ion  i s  

obta ined  through t h e  waveform diagram i n  comparison wi th  t h e  record-head- 

on waveforms found i n  Events A 2 ,  B 2 ,  D ,  H and Hb. '  Again t h e ' 1 0 0  m i l l i -  a  
second d u r a t i o n  o f  t h e  waveform suppor t s  t h e  i d e n t i f i c a t i o n .  I n  a d d i t i o n ,  

it should be no t i ced  t h a t  t h i s  mark i s  immediately followed by t h e  o n s e t  

of  loud buzz. The s i m i l a r i t y  t o  Event B2 i s  q u i t e  s t r i k i n g .  Again t h e  

smudged q u a r t e t  i n d i c a t e s  t h a t  t he  record ing  s t a r t e d  a t  t h i s  p o i n t  must 

have been made a f t e r  t h i s  erase-head-off mark was produced. 
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Figure  15 

Event H . The s i n g l e  magnetic mark appearing i n  t h i s  p i c t u r e  occu r s  
____a 

s l i g h t l y  l e f t  of c e n t e r .  I ts 2 .4  mi l l imeter  width a f f i l i a t e s  it wi th  

t h e  record  head. Comparison wi th  marks and waveforms obta ined  du r ing  

t e s t s  wi th  known equipment r e v e a l  t h i s  mark and i t s  waveform t o  be a  

record-head-on mark. Concerning underbuzz and t h e  type  of  ove r l ay  see 

Event D and d i s c u s s i o n s  i n  Technical  Note No. 3 about t h i s  p a r t i c u l a r  

event .  
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Figure  16 

Event H . The s i t u a t i o n  here  is  very s i m i l a r  t o  t h a t  i n  Event Ha.  The 

major mark occu r r ing  a lmost  i n  t h e  c e n t e r  of  t h e  photograph i s  a record-  

head-on mark. The f a i n t e r  mark appearing approximately 6 mi l l ime te r s  

l a t e r ,  i s  almost  c e r t a i n l y  a s s o c i a t e d  wi th  t h e  ope ra t ion  of switch K1 of  

t h e  UHER 5000 machine. For more d e t a i l ,  s e e  t h e  cap t ion  of Event F ' .  
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Figure  17 

Event F. The marks i n  t h i s  f i g u r e  correspond t o  t h e  very  end of  t h e  18.5 

minute buzz s e c t i o n .  I n  t h i s  r e s p e c t ,  Event A i s  t h e  beginning and 
2 

Event F is t h e  end. Near t h e  r i g h t  hand edge of  t h i s  p i c t u r e  we s e e  a  

q u a r t e t  3 mi l l ime te r s  wide. These c h a r a c t e r i s t i c s  c l e a r l y  i d e n t i f y  t h i s  

mark a s  an erase-head-off mark. Its quadruple na tu re  can a l s o  c l e a r l y  

be seen i n  t h e  waveform. A s  can e a s i l y  be determined through mechanical 

measurement, t h e  record  head and e r a s e  head of UHER 5000 r eco rde r s  a r e  

separa ted  by approximately 28.5 mi l l ime te r s  and f o r  t h e  Exh ib i t  60 UHER by 

e x a c t l y  28.6 mi l l ime te r s .  I f  we look t h i s  d i s t a n c e  t o  t h e  l e f t  of t h e  

q u a r t e t  j u s t  desc r ibed ,  we f i n d  t h e  s i n g l e  mark near t h e  l e f t  of t h e  f i g u r e  

whose width i s  2.4 mi l l ime te r s .  2.4 mi l l ime te r s  is  t h e  width of  t h e  

record  head gap f o r  a  UHER 5000 and i n  p a r t i c u l a r  f o r  t h e  Exh ib i t  60 

UHER. 

Through t h e s e  geometric p r o p e r t i e s  and e s p e c i a l l y i t s  28.6 mi l l ime te r  

s epa ra t ion  from t h e  q u a r t e t  on the  r i g h t  of t h e  f i g u r e ,  t h e  s i n g l e  mark 

on t h e  l e f t  can be c l e a r l y  i d e n t i f i e d  a s  a  record-head-off mark. Notice 

t h e  very b r i e f  na tu re  of t h i s  mark a s  i nd ica t ed  i n  t h e  waveform diagram. 

Also no t i ce  t h e  b i p o l a r  ( i . e . ,  up-down) c h a r a c t e r i s t i c  of  t h i s  pu l se .  

Notice,  t oo ,  t h e  r e p e t i t i v e  60 Hz p a t t e r n  t o  i t s  l e f t .  This  i s  t h e  very 

end of t he  18.5 minute buzz sec t ion .  The more random waveform on t h e  

r i g h t  of t h e  f i g u r e  i s  t h e  resumption of speech. The more o r  l e s s  

s t r a i g h t  h o r i z o n t a l  l i n e  connect ing t h e  two marks i n  t he  waveform diagram 

of t h i s  f i g u r e ,  corresponds t o  e rased  t ape .  (The small  wiggles  co r r e s -  

pond t o  very small  i n t e r f e r e n c e  s i g n a l s  picked up by t h e  e l e c t r o n i c s  of 

the  machine which played t h e  tape  f o r  t h e  product ion of  t hese  waveform 

diagrams.) S imi la r  blank t ape  s e c t i o n s  should be expected i n  Events B2 

and C2.  A t h i r d  might be poin ted  o u t  i n  Event G ,  a l though i t s  e x t e n t  

is very s h o r t .  
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