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TECHNICAL NOTE 8 

THE K - 1  PIJLSE AS DIRECT EVIDENCE OF KEYBOARD MANIPULATION 

The Uher 5000 r eco rde r  conta ins  a  mechanical swi tch ,  l abe l ed  

K-1 by t h e  manufacturer ,  which opens and c l o s e s  only  a s  a  r e s u l t  

of pushing c e r t a i n  keys on the  keyboard of t h e  machine. The K-1 

switch cannot be opera ted  by a  f o o t  peda l  o r  by t h e  switch on t h e  

accessory hand-held microphone. Fu r the r ,  no kind of malfunct ion 

i n  t h e  e l e c t r o n i c s  of t h e  recorder ,  such a s  i n t e r m i t t e n t  f a i l u r e  

of a  diode,  t r a n s i s t o r ,  o r  capac i to r ,  can a c t u a t e  t h e  K-1  switch.  

Operation of  t h e  K-1 switch,  whether opening it o r  c l o s i n g  it, 

genera tes  a  t r a n s i e n t  e l e c t r i c a l  pu lse .  I f  t h e  machine i s  record ing  

on t ape  when K - 1  is ac tua t ed ,  t h e  pulse  w i l l  be recorded. We have 

observed t h i s  recorded pu l se  i n  t h r e e  ways: a s  an aud ib l e  c l i c k ,  

a s  a  magnetic mark, and a s  a  sp ike  i n  t h e  waveform reproduced from 

the  tape.  We c a l l  t h e s e  t h r e e  kinds of d a t a ,  i n d i v i d u a l l y  and 

c o l l e c t i v e l y ,  a  s igna tu re .  We have e s t a b l i s h e d  wi th  c e r t a i n t y  t h a t  

t h e  K - 1  s i g n a t u r e  i s  generated only when t h e  K-1 switch i s  ac tua ted .  

I t  i s  no t  and cannot be generated by any o t h e r  e lectro-mechanical  

component i n  t h e  r eco rde r ,  

This Technical  Note desc r ibes  t h e  K-1  switch i n  d e t a i l ,  shows 

how it o p e r a t e s ,  exp la ins  i t s  func t ion ,  and r e p o r t s  on magnetic marks 

made by ope ra t ion  of t h e  switch. I t  a l s o  g ives  t h e  r e s u l t s  of simu- 

l a t i o n s  through which we have demonstrated t h e  r o l e  of K - 1  d a t a  i n  
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Figure 1. The K-1 switch i n  the Uher 5000 recorder. 



proving c e r t a i n  conclus ions  about t h e  way i n  which t h e  buzz s e c t i o n  was 

produced. 

Function of  t h e  K-1 Switch and Its Construct ion 

The K-1  switch i s  normally used t o  r e s t o r e  c o n t r o l  of t h e  t a p e  t r a n s p o r t  

t o  t h e  keyboard when t h e  t r a n s p o r t  had been under t h e  c o n t r o l  of an e x t e r n a l  

device  connected i n t o  t h e  accessory connector marked "A". 

The K-1  swi tch  is  composed of a  l e a f  s p r i n g  loca t ed  underneath t h e  

c o n t r o l  keyboard, d i r e c t l y  beneath t h e  STOP key, and a  b a r ,  which is  a l s o  

loca t ed  under t h e  keyboard and runs i t s  f u l l  l ength .  The switch and ba r  a r e  

shown i n  Figure 1. 

K - 1  is  a  normally-open switch. Four keys t h a t  c l o s e  t h e  switch a r e  t h e  

RECORDING key, t h e  START key, t he  REWIND key, and t h e  FORWARD key. When any 

of t h e s e  keys i s  p re s sed ,  t h e  s h a f t  t h a t  suppor ts  t h e  key moves downward. 

A s  it descends it s h i f t s  t h e  ba r ,  a s  seen i n  F igure  1, t o  t h e  r i g h t  u n t i l  

t h e  ba r  c o n t a c t s  t h e  l e a f  sp r ing ,  t hus  c lo s ing  K-1. A s  t h e  key i s  pressed  

a  b i t  f a r t h e r ,  t h e  key s h a f t  l a t c h e s  onto t h e  b a r ,  pe rmi t t i ng  it t o  s h i f t  

s l i g h t l y  t o  t h e  l e f t ,  thereby  opening K-1. 

The START, FORWARD, o r  -WIND key can c l o s e  K - 1  aga in  i f  t h e  key i s  

pressed  beyond t h e  l a t c h  p o i n t  and bottomed. K-1 w i l l  s t a y  c losed  u n t i l  t he  

key i s  allowed t o  r e t u r n  t o  i t s  l a t c h  po in t .  The cons t ruc t ion  of t h e  RECORDING 

key s h a f t  p reven t s  it from c los ing  K-1 again once it i s  la tched .  

The K-1 swi tch  a l s o  w i l l  be c losed  when t h e  STOP key i s  pressed.  I t  

w i l l  remain cl-osed u n t i l  p r e s su re  on t h i s  key, which does no t  l a t c h ,  i s  re -  

leased .  

The PAUSE key and t h e  DICTATING key do no t  c l o s e  t h e  K-1 switch. 

Generation of t h e  K-1 Pu l se  a t  the  S t a r t  of a  Recording on t h e  Uher 5000 

When a record ing  i s  i n i t i a t e d  by p re s s ing  t h e  START and RECORDING 

keys a t  t h e  same t ime,  K - 1  pu l se s  w i l l  be generated a t  t h r e e  i n s t a n t s :  

(1) j u s t  be fo re  t h e  keys reach  the  l a t c h  p o s i t i o n ,  ( 2 )  when t h e  START 

key is bottomed; and ( 3 )  when it i s  r e l eased  from t h e  bottom p o s i t i o n .  

In  gene ra l ,  on ly  t h e  pu l se  generated a t  t h e  t h i r d  i n s t a n t  w i l l  be 

unambiguously i d e n t i f i a b l e ,  s ince  t h e  e a r l i e r  ones w i l l  be mixed wi th  

l a r g e r  t r a n s i e n t  p u l s e s  generated by o t h e r  e lectro-mechanical  components 



a t  t h e  s t a r t  of recording. From t h i s  it fol lows t h a t  i f  t h e  START 

key is  n o t  bottomed a t  t h e  s t a r t  of a record ing ,  it may not  be p o s s i b l e  

t o  d e t e c t  a K-1 pu lse .  

The K-1 pu lse  t h a t  i s  genera ted  when t h e  START key i s  r e l e a s e d  from 

i ts  bottom p o s i t i o n  a t  t h e  s t a r t  of a record ing  has t h r e e  important  

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

(1) I t  i s  preceded by a record-head-on waveform by a t  l e a s t  

one-tenth of a second, 

( 2 )  I ts  amplitude is t y p i c a l l y  between one - f i f t h  and one-half 

t h e  amplitude of t h e  record-head-on waveform, 

(3)  I t  e x h i b i t s  a waveform shape t h a t  is uniquely a s s o c i a t e d  

with t h e  ope ra t ion  of t h e  K-1 switch a t  t h a t  i n s t a n t .  

Typical  waveforms of K-1 p u l s e s  generated on Exh ib i t  60 and 

recorded i n  t h e  manner j u s t  desc r ibed  a r e  shown i n  Figure 2. The 

shapes of t h e  pu l se s  f a l l  i n t o  two c l a s s e s :  a un ipolar  pu lse  about  

0.8 m s  t o  1 m s  wide a t  t h e  base wi th  a rounded overshoot which reaches  

a maximum about 1 .5  m s  a f t e r  t h e  pu l se  peak (F igures  2a, 2b, and 2 c ) ;  

and a b i p o l a r  pu l se  with both ha lves  about 0.5 m s  wide a t  t h e  base  

(F igure  2d) .  A s  Figure 2c shows, t h e r e  is  some tendency f o r  ove r l ap  

between t h e s e  c l a s s e s .  

Three pu l se s  observed on t h e  ~ v i d e n c e  Tape e x h i b i t  a l l  t h r e e  of 

t h e  c h a r a c t e r i s t i c s  of K-1 pu l se s  descr ibed  above. These p u l s e s  occur  

a t  Event Times 612 seconds, 684 seconds, and 1065 seconds from t h e  

s t a r t  of t h e  buzz (Events 7 ,  8 ,  and 1 2 ) .  The pu l se s  a r e  preceded by 

record-head-on waveforms and a r e  separa ted  from them by i n t e r v a l s  of 

0.50 seconds, 2.86 seconds, and 0 , 2 4  seconds r e spec t ive ly .  The ampli tudes 

of  t h e  pu l se s  a r e ,  r e s p e c t i v e l y ,  0.3, 0.3, and 0.5 t imes t h e  ampli tudes 

of t h e  record-head-on waveforms t h a t  precede them. The waveforms of t h e  

pu l se s  observed on t h e  Evidence Tape a r e  shown i n  Figure 3. They a r e  

very s i m i l a r  t o  t h e  waveforms of t h e  K - 1  pu l se s  shown i n  F igures  2a and 
* 

2b t h a t  were generated by t h e  Panel on Exhib i t  60. 

*The two negat ive  peaks a t  t h e  overshoot  maximum i n  Figure 3c a r e  almost 
s u r e l y  due t o  t h e  buzz, which was 10 dB l a r g e r  a t  t h i s  s e c t i o n  of t h e  
t a p e  than  it was a t  t h e  s e c t i o n  i n  which t h e  preceding two pu l se s  a r e  
observed. 



In view of t h e  c l o s e  agreement between t h e  c h a r a c t e r i s t i c s  of t h e  

pu l se s  observed on t h e  Evidence Tape and those  generated on Exh ib i t  60, 

we conclude t h a t  p u l s e s  on t h e  Evidence Tape a t  Event Times 612, 684 ,  

and 1065 seconds were caused by t h e  ope ra t ion  of  t h e  K-1 switch. 

S p e c i f i c a l l y ,  t hey  were generated s h o r t l y  a f t e r  t h e  s t a r t  of t h e  r e -  

cording of a  s e c t i o n  of t h e  buzz, a t  t h e  moment when t h e  START key was 

re leased  a f t e r  having been pressed t o  i t s  bottom p o s i t i o n  and he ld  t h e r e  

b r i e f l y .  

Generation of t h e  K-1 Pulse a t  t h e  End of a  Recording 

A second type  of K-1 pu lse  w i l l  be generated when a  record ing  

i s  ended by p r e s s i n g  t h e  STOP key ( o r  t h e  START, REWIND, o r  FORWARD 

key) .  A s  any of t h e s e  keys i s  pushed down, t h e  key s h a f t  w i l l  move 

t h e  l a t c h i n g  ba r  toward t h e  l e a f  spr ing .  The ba r  w i l l  con tac t  t h e  

sp r ing ,  c l o s i n g  K-1 and genera t ing  a K - 1  pu lse .  Immediately t h e r e a f t e r ,  

a s  t h e  key i s  pushed a  b i t  f a r t h e r ,  t h e  l a t c h  on t h e  RECORDING key w i l l  

be re leased .  As t h e  RECORDING key s h a f t  r i s e s ,  t h e  switches opera ted  

by t h i s  key w i l l  open, t h e  r e l a y s  t h a t  c o n t r o l  t h e  e r a s e  and record  

heads w i l l  be de-energized, and a  record-head-off mark and a  q u a r t e t  

w i l l  be  recorded. 

Figure 4a shows t h e  waveforms of pu l se s  a t  t h r e e  record-head-off 

marks generated on Exh ib i t  60. These were obta ined  f o r  record ings  

which had been s t a r t e d  by p re s s ing  t h e  START and RECORDING keys and 

ended by p r e s s i n g  t h e  STOP key. The K - 1  pu l se  waveform i n  each t r a c e  

i s  t h e  narrow negat ive  sp ike  a t  about 3.5 g r a t i c u l e  d i v i s i o n s  from the  

lef t -hand edge of t h e  t r a c e .  The record-head-off waveform is  t h e  c l u s t e r  

of peaks and d i p s  s t a r t i n g  about one g r a t i c u l e  d i v i s i o n  ( i . e . ,  about 

5 ms) l a t e r .  

Figure 4b shows waveforms which were obta ined  i n  t h e  same way 

wi th ,  however, t h e  K-1 switch blocked ( t h a t  i s ,  i n s u l a t e d  from con tac t  

with t h e  l a t c h i n g  b a r ) .  The i d e n t i f i c a t i o n  of t h e  negat ive  s p i k e s  a s  

K-1  p u l s e s ,  i n  F igure  4a, i s  confirmed by t h e i r  absence i n  F igure  4b. 



Figure 2. K-1 pulses generated on the Exhibit 60 Uher. 



(b )  
EVENT 8 (GI 
TIME : 684 sec 

( c )  
EVENT 12 ( H B )  
TIME: 1065 sec 

Figure 3.  Pulses observed shor t ly  a f t e r  three record-head-on 
marks on the Evidence Tape. 



K-1 PULSE 

1 

( 0 1  K - 1  SWITCH NORMAL 

( b )  K - 1  SWITCH BLOCKED 

Figure 4. Waveforms at record-head-off marks generated on the 

Exhibit 60 Uher. 
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Figure 5. Waveforms a t  record-head-off marks generated on 
the Haskins Uher. 



To determine i f  o t h e r  Uher 5000 machines recorded K-1 pu l se s  j u s t  

before  record-head-off marks i n  t h e  same manner a s  ~ x h i b i t  60, we repea ted  

t h e  t e s t s  descr ibed  above, u s ing  a recorder  purchased by Haskins Labora- 

t o r i e s .  The r e s u l t s  of t h e  t e s t s ,  shown i n  Figure 5 ,  c l e a r l y  a r e  s i m i l a r  

t o  t hose  i n  Figure 4. The negat ive  sp ikes  precede t h e  record-head-off 

waveforms by about 3 m s  i n  t h i s  machine; a s  wi th  Exh ib i t  60, they  a r e  

missing when t h e  K-1 swi tch  i s  blocked. 

As seen on t h e s e  photographs, t h e  record-head-off waveforms vary 

s i g n i f i c a n t l y  from one machine t o  another.  They a l s o  vary from one 

record ing  t o  another  made on t h e  same machine, depending on a number 

of f a c t o r s :  t h e  s e t t i n g  of  t h e  RECORDING LEVEL c o n t r o l ;  random 

v a r i a t i o n s  i n  t h e  t iming of t h e  r e l e a s e  of t h e  RECORDING and START keys 

from t h e i r  l a t ched  p o s i t i o n s ,  and t h e  subsequent opening of o t h e r  e l e c t r o -  

mechanical components c o n t r o l l e d  by these  keys; and t h e  s e t t i n g  of  t h e  

INPUT SELECTOR con t ro l .  

Figure 6 shows two s e t s  of amplitude-expanded, record-head-off 

waveforms. Those on t h e  l e f t ,  i n  Figure 6a, were generated by t h e  Panel 

on Exh ib i t  60. Those on t h e  r i g h t ,  i n  Figure 6b, were observed a t  t h r e e  

p l aces  on t h e  Evidence Tape: Event Times 612, 684, and 1109 seconds 

(Events 7 ,  8 ,  and 1 3 ) .  The waveforms f o r  Exhib i t  60 and t h e  Evidence 

Tape, p a r t i c u l a r l y  t h e  upper and middle p a i r ,  obviously a r e  very s i m i l a r ,  

both i n  o v e r a l l  s t r u c t u r e  and i n  important d e t a i l s ,  such a s  t h e  t iming 

and amplitude of t h e  negat ive  sp ikes  t h a t  precede t h e  record-head-off 
* 

waveforms. The c l o s e  agreement of t h e  waveforms on t h e  Evidence Tape 

with t h e  waveforms genera ted  on Exhib i t  60 shows conclus ive ly  t h a t  t h e  

recorder  was stopped by hand opera t ion  of keyboard c o n t r o l s  a t  Event 

Times 612 seconds and 684 seconds, and j u s t  a t  t h e  end of t h e  buzz s e c t i o n ,  

1109 seconds. 

* 
The s i m i l a r i t y  of t h e  K-1  pu l se s  i n  t h e  lower p a i r  i n  F igure  6 i s  
somewhat obscured by t h e  h igh  buzz l e v e l  a t  1109 seconds. This  is 
evident  i n  t h e  waveform t h a t  precedes t h e  record-head-off pu l se  i n  
Event 13,  a s  shown i n  t h e  lower photograph of Figure 6b. 



(a)  (b )  
F igure 6. Waveforms a t  record-head-off marks: 

(a )  generated on the  E x h i b i t  60 Uher (b)  observed on the  Evidence Tape. 



The absence of a K - 1  pu l se  preceding t h e  record-head-off mark a t  

Event Times 49 seconds and 1042 seconds (Events 4 and 10)  does no t  

n e c e s s a r i l y  exclude t h e  use of  keyboard c o n t r o l s  a t  t h e s e  p o i n t s  on t h e  

tape .  An explana t ion  of  Event 4 i s  t h a t  a t  48.25 seconds t h e  PAUSE key 

(which does not  c l o s e  t h e  K - l  swi tch)  was pressed ,  s topping t a p e  motion, 

and then  t h e  STOP key was pressed.  This  explana t ion  i s  supported by t h e  

weak record-head-off mark a t  48.25 seconds, which corresponds t o  t h e  mark 

recorded when a record ing  on t h e  Uher 5000 is  i n t e r r u p t e d  by use of t h e  

PAUSE key. Added support  of t h e  explana t ion  comes from t h e  weak e ra se -  

head-off mark a t  49.47 seconds, which corresponds t o  t h e  de-energizing 

of t h e  e r a s e  head with t h e  t a p e  s t a t i o n a r y .  

Event 10,  which c o n s i s t s  of a record-head-on mark a t  1040.57 seconds, 

a record-head-off mark a t  1041.53 seconds, a record-head-on mark a t  1042.08 

seconds, and an erase-head-off mark a t  1040.57 seconds, can be expla ined  

a s  follows. A t  1040.57 seconds t h e  START and RECORDING keys were p re s sed ,  

t h e  START key was bottomed, and p re s su re  was maintained on both keys. 

About one second l a t e r ,  a t  1041.53 seconds, p re s su re  on t h e  RECORDING 

key was r e l ea sed ,  pe rmi t t i ng  t h e  key t o  r i s e  t o  t h e  o f f  p o s i t i o n ,  and 

causing t h e  record and e r a s e  heads t o  be de-energized. Since p re s su re  

was maintained on t h e  START key throughout t h e  one-second i n t e r v a l ,  t h e  

K - 1  switch remained c losed  and s o  a K-1  pu l se  could not  have been genera ted  

p r i o r  t o  t h e  record ing  of t h e  record-head-off mark a t  1041.53 seconds. 

Recording was resumed 0.55 seconds l a t e r ,  a t  1042.08 seconds. 



TECHNICAL NOTE 9 

ALTERNATIVE HYPOTHESES AND WHY THEY WERE REJECTED 

The Panel has given careful consideration to several hypotheses as 

alternatives to the conclusion that the buzz section was produced in five 

or more segments requiring hand operation of keyboard controls on the 

Exhibit 60 Uher recorder. While these hypotheses can explain some of the 

more apparent features we observed in the buzz section of the tape record- 

ing, they are inconsistent with, or fail to account for, other characteris- 

tics of the recording or recorder. Consequently, none of them is a viable 

alternative to our conclusion. 

In paragraphs that follow, we describe these rejected hypotheses and 

explain why we rejected them. 

Hypothesis: The buzz section was produced at the time that the tape -- 
was recorded originally, on June 20, 1972. 

This hypothesis fails on at least two counts. First, the flutter 

spectra observed in the buzz section of the tape are consistent with those 

of Uher 5000 recorders and are significantly different from those observed 

on the speech sections of the tape. The flutter spectra on the speech 

sections are consistent with those of Sony 800B recorders. 

Second, the erase-head-off marks in the buzz section are not consis- 

tent with Sony 800B recorders, but are consistent with Uher 5000 recorders. 

Since these marks and their associated record-head-off marks occur at 

points where sections of the buzz stop, the buzz and the marks must have 

been recorded together. Moreover, since the erase-head marks are a full 



3 mi l l ime te r s  wide, they  must have been recorded d i r e c t l y  onto  t h e  Evidence 

Tape and, t h u s ,  s o  was t h e  buzz. The erase-head-off mark a t  t h e  very  end 

of t h e  t a p e ,  ending t h e  record ing  of speech a f t e r  t h e  buzz s e c t i o n ,  i s  a 

3-millimeter wide double mark, c h a r a c t e r i s t i c  of Sony 800B recorders .  

Since t h e  buzz was recorded d i r e c t l y  onto t h e  Evidence Tape by a machine 

t h a t  was no t  a Sony 800B, t h e  buzz s e c t i o n  could no t  have been recorded 

a t  t h e  same t ime a s  t h e  o r i g i n a l  speech recording.  

Hypothesis: The t a p e  was e rased  and t h e  buzz recorded by a Uher 5000, 

with t h e  machine s e t  i n  t h e  record ing  mode and opera ted  i n  rewind, perhaps 

by t h e  use of t h e  footpedal .  

Even though t h e  Uher 5000 can be opera ted  i n  t h i s  manner, t h e  hypo- 

t h e s i s  f a i l s  f o r  t h e  fo l lowing  reasons.  F i r s t ,  when a t a p e  is  erased  on 

a Uher 5000 with t h e  machine ope ra t ing  i n  rewind, t h e  e r a s i n g  s i g n a l  w i l l  

be recorded onto  t h e  t a p e  and w i l l  be an audib le  tone  of about 500 Hz when 

t h e  t ape  i s  played back a t  24 mi l l ime te r s  pe r  second. No such tone  is  

p r e s e n t  on t h e  Evidence Tape. 

Second, a t ape  record ing  must be played back a t  t h e  same speed a s  

t.hat a t  which it was made i n  o rde r  t o  reproduce t h e  recorded f requencies  

accura te ly .  The buzz s i g n a l  c o n s i s t s  of a fundamental component, wi th  

overtones a t  i n t e g r a l  m u l t i p l e s  of t h e  fundamental frequency up t o  a t  

l e a s t  a mu l t ip l e  of 70. When t h e  t ape  was reproduced a t  a speed o f  24 

mi l l ime te r s  p e r  second, t h e  fundamental frequency was found t o  be 60 Hz. 

This corresponds obviously t o  t h e  60-Hz frequency of t h e  110 v o l t  power 

l i n e  and i n d i c a t e s  t h a t  t h e  t a p e  was e rased  and re-recorded a t  24 m i l l i -  

meters  pe r  second. (The more p r e c i s e  va lue  i s  23.8 mm.) 

Third ,  record-head and erase-head marks could no t  have been recorded 

i n  a rewind mode of ope ra t ion .  However, more than  20 such marks were 

found on t h e  buzz s e c t i o n  of t h e  Evidence Tape. 

Hypothesis: The t a p e  motion was c o n t r o l l e d  s o l e l y  by use  of a foot-  

pedal  throughout t h e  record ing ,  which was done on a Uher 5000 a t  a record ing  

speed of 24  mi l l ime te r s  pe r  second. 

This  explana t ion  does no t  account f o r  t h e  presence of erase-head marks 

( i . e . ,  q u a r t e t s )  on t h e  t a p e ,  which cannot be generated by t h e  footpedal .  



A d i s t i n c t i v e  s e t  o f  marks i s  l e f t  by t h e  Exh ib i t  60 Uher when t h e  

t ape  motion i s  stopped and then r e s t a r t e d  under f o o t  peda l  c o n t r o l .  No 

marks of t h i s  kind were found i n  t he  buzz s e c t i o n  of  t h e  Evidence Tape. 

The K-1 p u l s e s  found s i x  t imes i n  t h e  buzz s e c t i o n  cannot be produced 

by any a c t i o n  of  t h e  f o o t  peda l .  

Hypothesis: Magnetic marks observed i n  t h e  buzz s e c t i o n  o f  t h e  

Evidence Tape r e s u l t e d  from power supply f a i l u r e  i n  t h e  record ing  machine. 

I n  cons ider ing  t h i s  hypothesis ,  we f i r s t  observe t h a t  t h e  Uher 5000 

recorder  has  two power suppl ies .  One of them, which we c a l l  PS-1, supp l i e s  

power t o  t h e  b i a s  o s c i l l a t o r ,  audio output  s t a g e s ,  and automatic  volume 

con t ro l .  The o t h e r  one, PS-2, supp l i e s  power t o  t h e  r e l a y s  t h a t  c o n t r o l  

t h e  record/playback modes, t h e  low-level audio c i r c u i t s ,  and t h e  so lenoid  

t h a t  d i r e c t l y  c o n t r o l s  t a p e  motion. We must examine t h e  hypothes is  i n  

r e l a t i o n  t o  each of t h e  two power supp l i e s  s epa ra t e ly .  

The Panel used t h e  Uher 5000 recorder  des igna ted  Exh ib i t  60 f o r  making 

many t e s t s ,  inc luding  t e s t s  on t h e  performance of t h e  recorder  i t s e l f .  

Af te r  s e v e r a l  days of such t e s t i n g ,  t h e  r eco rde r  stopped opera t ing .  We 

examined t h e  machine and found t h a t  t h e  b r idge  r e c t i f i e r  i n  power supply 

PS-2 had f a i l e d .  We then  rep laced  t h i s  r e c t i f i e r  wi th  a  good one. The 

machine a t  once r e tu rned  t o  opera t ing  condi t ion  and cont inued ope ra t ing  

throughout a l l  our  subsequent t e s t s .  

Even though t h i s  power supply d i d  not  show any i n t e r m i t t e n t  f a i l u r e  

while  we were us ing  it, we have considered t h e  p o s s i b i l i t y  t h a t  i n t e r -  

m i t t e n t  f a i l u r e  might have been involved i n  t h e  making of t h e  buzz sec t ion .  

Under t h i s  ve r s ion  of  t h e  hypothesis ,  a  malfunct ion of  t h e  r e c t i f i e r ,  o r  

i t s  a s soc i a t ed  f i l t e r  c a p a c i t o r ,  o r  both,  could have i n t e r f e r e d  wi th  t h e  

proper  func t ioning  of t h e  machine i n  any of t h r e e  ways: by p u t t i n g  abnormal 

t r a n s i e n t  p u l s e s  i n t o  t h e  ampl i f i e r  c i r c u i t s ,  by d i s t u r b i n g  t h e  opera t ion  

of t h e  r e l a y s , o r  by d i s t u r b i n g  t h e  opera t ion  of t h e  p re s su re  solenoid.  

Trans ien t  p u l s e s  could be caused by a  sudden change i n  t h e  DC vol tage  

de l ive red  by t h e  power supply. Such a  change could be brought about by a 

s h o r t  c i r c u i t  i n  t h e  f i l t e r  capac i to r  o r  r e c t i f i e r ,  o r  by an open c i r c u i t  

i n  t h e  diode connect ions within t h e  r e c t i f i e r .  Of t h e s e  p o s s i b i l i t i e s ,  only 

a  s h o r t  i n  t h e  c a p a c i t o r  w i l l  r e s u l t  i n  p u t t i n g  a  record-head mark on t h e  

tape.  However, i n  such a  case  t h e  r e s u l t i n g  waveform pu l se  would be q u i t e  



d i - f f e r e n t  i n  shape from a normal record-head p u l s e ,  no phase d i s c o n t i n u i t y  

would accompany t h e  p u l s e ,  and no q u a r t e t  would fol low the  pu l se .  I n  a l l  

t h r e e  r e s p e c t s ,  t h i s  a spec t  of t h e  hypothes is  f a i l s  t o  account  f o r  r e s u l t s  

we obta ined  from t e s t s  on t h e  Evidence Tape. 

Shor t  c i r c u i t s  o r  open c i r c u i t s  i n  t h e  br idge  r e c t i f i e r  do n o t  

switch o f f  t h e  r e l a y s .  However, a  f i l t e r  capac i to r  s h o r t  c i r c u i t  

of a t  l e a s t  10  mi l l i seconds  d u r a t i o n  could cause r e l a y  switching t o  occur  

and would r e s u l t  i n  t he  record ing  of a  record-head-off mark and a  q u a r t e t .  

The record-head-off mark would be followed by a record-head-on mark when 

t h e  c a p a c i t o r  ceased t o  be sho r t ed  and the  r e l a y s  were re-energized.  None- 

t h e l e s s ,  even i f  t h e  s h o r t  c i r c u i t  l a s t s  on ly  long enough t o  cause the  

r e l a y s  t o  drop o u t ,  i . e . ,  about  10 mi l l i s econds ,  t he  e r a s e  head r e l a y  

w i l l  n o t  resume the  energized s t a t e  f o r  a t  l e a s t  another  25 mi l l i s econds .  

Consequently, the  t ape  w i l l  t r a v e l  about  0.6 mi l l ime te r s  be fo re  e r a s i n g  

resumes, a  d i s t a n c e  which is long enough t o  ensure t h a t  t h e  q u a r t e t  w i l l  

n o t  be e rased .  

An event  of t h e  s o r t  j u s t  desc r ibed  would produce a  record-head-off 

mark, followed about 0 .6 mi l l ime te r s  down t h e  tape by a  record-head-on 

mark, and,  some 28 mi l l ime te r s  f a r t h e r  on ,  by a  q u a r t e t .  This  p a t t e r n  

does not  match the  f o u r  p l a c e s  on t h e  Evidence Tape where we found 

record-head-on marks t h a t  were no t  a s soc i a t ed  wi th  q u a r t e t s .  - 
Quar t e t s  a r e  observed a t  fou r  p l a c e s  w i th in  the  buzz s e c t i o n  of 

t h e  t a p e ,  a t  Event Times 49 seconds, 612 seconds, 684 seconds, and 

1042 seconds,  (Events 4 ,  7 ,  8 ,  and 10  i n  t h e  t a b u l a t i o n  of Chapter 111.) 

A t  Events 7 and 8 ,  t h e  phase of t h e  buzz i n  t he  neighborhood of t h e  r e -  

l a t e d  record-head marks i s  d i scon t inuous ,  i n d i c a t i n g  t h a t  t h e  t ape  had 

s topped.  For t h i s  t o  have happened, t h e  p re s su re  so lenoid  t h a t  c o n t r o l s  

tape  motion must have dropped o u t .  I t  w i l l  do so i f  t h e  f i l t e r  c a p a c i t o r  

were t o  s h o r t  f o r  a t  l e a s t  60 mi l l i s econds .  However, t h i s  means t h a t  

be fo re  the  t ape  f i n a l l y  s t o p s ,  it w i l l  t r a v e l  a t  l e a s t  1 .4  m i l l i m e t e r s  

beyond where the  record-head-off mark i s  recorded.  The r e s u l t i n g  p a t -  

t e r n  would c o n s i s t  of a  record-head-off mark, followed by a  record-  

head-on mark about 1.4 mi l l ime te r s  f a r t h e r  down the  t ape ,  and by a  

q u a r t e t  spaced 28.6 mi l l ime te r s  from t h e  record-head-on mark. 



The patterns at Events 4, 7, and 10 do not match the one described, 

since the spacing of record head marks, 7.2, 0.9 and 13 millimeters, 

respectively, are significantly different from the required 1.4 milli- 

meters. The spacing in Event 8 is close to 1.4 millimeters. However, 

this event includes other features that exclude this explanation of its 

origin: there is a fragment of a second erase-head-off mark following 

shortly after the complete erase-head-off mark (required by the hypothesis 

under consideration). Even more significantly, the initial record-head- 

off mark has associated with it a K-1 pulse, which can be produced only 

by a keyboard operation. 

Finally, we consider a hypothesis which has received considerable 

attention in the public press and which was based, erroneously, on the 

assumption that PS-1 had failed. Under this version of the malfunction 

hypothesis, record-head marks and erase-head-off marks, or quartets, 

would be produced if the voltage supplied to the bias oscillator fell 

below some critical value. Such a voltage drop could have resulted 

from intermittent shorting of a capacitor that filters the output of the 

rectifier in PS-1. At no time during the Pa.nells tests, did inter- 

mittence of this kind occur. Further, we have seen nothing that would 

suggest that any such malfunction occurred in the Exhibit 60 Uher at any 

time in the past. However, even had such intermittent shorting of the 

capacitor occurred, it could not have produced the phase-discontinuities, 

underbuzz sections, and K-1 pulses that are observed on the Evidence Tape. 

Hypothesis: The marks observed in the buzz section were generated 

by mechanical malfunction in the Uher 5000 recorder. 

In addition to hypotheses based on electrical malfunctions, such 

as those described previously, several hypotheses suggested to the Panel 

involve mechanical malfunctions such as sticking or intermittent relays, 

"crossed" wires, and similar low-probability mechanical defects. No such 

malfunctions were observed at any time during our testing of any of the 

Uher 5000 recorders. Even had such malfunctions occurred, they could not 

have produced indications of manual operation of keyboard controls, such 

as K-1 pulses that precede record-head-off marks by 5 to 7 msec, or that 

follow record-head-on marks. 



Hypothesis: Severe dips in the AC power line voltage, possibly 

in conjunction with a failing diode in the bridge rectifier of power 

supply PS-2, produced the observed events. 

This hypothesis is based on tests that showed that the record- 

head and erase-head relays switch from the recording to the reproducing 

mode when the voltage developed by PS-2 falls from its operating value 

of about 28 volts to a level of about 15 volts. A further decrease of 

a volt or two causes the pressure solenoid to drop out. Thus, depend- 

ing on how much the line voltage falls, the recording can cease with 

or without a concurrent or subsequent cessation of tape motion. 

This hypothesis fails on several counts. First, a drop in the 

level of the voltage developed by PS-2 will not cause the recording of 

K-1 type pulses either before record-head-off marks or after record- 

head-on marks. 

The second reason the hypothesis fails is that a drop in the output 

of PS-2 severe enough to cause the relays to switch would have caused a 

sizable drop in the amplitude of the recorded buzz just before they 

switched. An example of the decrease in recording level caused by such 

a drop in voltage is shown in Figure 1. This waveform was generated 

by recording a 60-Hz tone on the Haskins Laboratories Uher 5000 and 

abruptly dropping the AC input voltage sufficiently to permit the relays 

to switch but not to interrupt tape motion. The sequence of events shown 

are, from left to right: (1) the recorded 60-Hz tones at a level of about 

+ 1.5 graticule divisions; (2) the transient caused by the sudden reduction - 

in the AC input voltage; (3) the gradual decrease in the amplitude of the 

recorded 60-Hz tone as the voltage developed by PS-2 dropped, starting at 

the second event and lasting about 300 milliseconds; (4) the sudden dis- 

appearance of the tone, when the relays switched from the recording to 

the reproducing mode. None of the events on the Evidence Tape exhibited 

this type of behavior immediately preceding record-head-off marks. Al- 

though decreases in level were observed, they always were abrupt, not 

gradual. 

Not as apparent in this figure, but equally important, is the fact 

that the drop in AC input voltage resulted in a 5 percent decrease in 



TRANSIENT CAUSED 
BY DROP IN AC 
LINE VOLTAGE 

SWITCHING OF 
RELAYS OUT OF 
RECORD MODE 

Figure  1. Waveform response o f  a Uher 5000 recorder  when 

the  AC 1 i n e  vo l t age  drops sharp ly  du r i ng  a 

recorder  operat ion.  

the speed of the motor. The r e su l t  is  tha t  when the tape is  played back 

a t  constant speed, the frequency of the tone increases by 5 percent 

(about a semitone in music) just  before the signal ceases. This increase 

i n  pitch is readily perceived simply by l is tening t o  the tape. A similar 

decrease in  pitch is perceived where the recording was resumed a f t e r  the 

normal AC input level  was restored and the relays switched back t o  the 

recording mode. No such changes i n  the pi tch of the buzz were detected 

on the Evidence Tape. 

****** 



To summarize, we have examined a l l  t h e  a l t e r n a t i v e  hypotheses t h a t  

have been brought t o  our a t t e n t i o n ,  o r  t h a t  we ourselves have been a b l e  

t o  suggest ,  and we f ind  t h a t  while each one of them can account f o r  one 

o r  another  of t h e  observed f a c t s ,  none of the  a l t e r n a t i v e  hypotheses 

can explain t h e  e n t i r e  s e t  of f a c t s .  Most of t h e  proposed a l t e r n a t i v e s  

a r e  based on i n t e r n a l  malfunctions of t h e  recorder. There a r e  two main 

reasons f o r  r e j e c t i n g  them: such malfunctions cannot s top  the  tape  and 

then produce forward and backward motion of the  tape  of the  kind we ob- 

serve i n  connection with var ious  over lays ,  as described i n  Chapter 3 ;  

and such malfunctions cannot produce K-1 pu l ses ,  which appear i n  a t  

l e a s t  s i x  p laces  on t h e  Evidence Tape. 



Technical  Note 10  

ON DETERMINING THE ORIGINALITY OF THE EVIDENCE TAPE 

Severa l  d i f f e r e n t  kinds of  t e s t s  can be app l i ed  t o  a t a p e  t o  d e t e r -  

mine i f  t h e  t ape  i s  a re - record ing .  While such t e s t s  can s u g g e s t l o r  even 

prove c o n c l u s i v e l y , t h a t  a given t ape  i s  a re - record ing ,  t hey  cannot  prove 

t h a t  t h e  t ape  i s  an o r i g i n a l .  Thus, t h e  P a n e l ' s  conclusion t h a t  t h e  

Evidence Tape i s  an o r i g i n a l  i s  based on t h e  absence of  any d a t a  t o  t h e  

con t r a ry .  

The s e v e r a l  t e s t s  t h a t  we undertook a r e  summarized b r i e f l y  below. 

None o f  t h e s e  t e s t s  l e d  u s  t o  doubt t h e  o r i g i n a l i t y  o f  t h e  Evidence Tape. 

One of t h e  t e s t s ,  involv ing  t h e  s t a r t i n g  and s topping  dynamics of  t h e  

r e c o r d e r s ,  y i e lded  c e r t a i n  r e s u l t s  t h a t  i n i t i a l l y  r a i s e d  ques t i ons  about 

t h e  Tape ' s  o r i g i n a l i t y .  However, f u r t h e r  work s a t i s f i e d  us  t h a t  t h e  

anomalous f e a t u r e s  we were observing could be t r a c e d  t o  a p e c u l i a r i t y  

of one o f  t h e  r e c o r d e r s  used i n  t h e  White House record ing  system and 

t h e r e f o r e  d i d  n o t  .imply re - record ing .  

1. T e s t s  f o r  O r i g i n a l i t y  by Use o f  S igna l s  Related t o  t h e  

S t a r t i n g  and Stopping Dynamics of t h e  Rkcorder 

When a normally ope ra t i ng  Sony 800B t a p e  r eco rde r  r eco rds  a tone  of 

cons t an t  f requency,  such a s  a power-line hum, t h e  tone  i n  playback w i l l  

be heard t o  r i s e  i n  p i t c h  a t  p o i n t s  on t h e  t ape  where t h e  r eco rde r  was 

stopped. The r i s e  i n  p i t c h  occurs  because t h e  slowing o f  t h e  t a p e  



t r a n s p o r t  causes t h e  recorded wavelengths t o  become p rog res s ive ly  

s h o r t e r  u n t i l  t h e  t ape  s t o p s .  This  shortened wavelength i s  heard i n  

playback a s  a r i s e  i n  p i t c h .  S i m i l a r l y ,  when a cons t an t  tone  i s  t o  

be recorded,  and t h e  r eco rde r  i s  r e s t a r t e d ,  t h e  p i t c h  of t h e  tone  i n  

playback w i l l  sweep downward t o  t h e  normal p i t c h  a s  t h e  record ing  ma- 

ch ine  goes t o  t h e  normal ope ra t ing  speed. 

In  l i s t e n i n g  t o  t h e  permi t ted  p o r t i o n s  of t h e  speech s e c t i o n s  of  

t h e  Evidence Tape, we heard a r a t h e r  loud hum o r i g i n a l l y  recorded from 

t h e  power l i n e .  I n  l i s t e n i n g  t o  t h i s  hum, we noted t h a t  i t s  p i t c h  

went up a t  those  p o i n t s  on t h e  t ape  where t h e  o r i g i n a l  record ing  ma- 

ch ine  had been s t a r t e d  by t h e  voice-ac t iva ted  switch (VOX) . When t h e  

VOX stopped t h e  t a p e ,  t h e  hum frequency went down. I n  o t h e r  words, t h e  

p i t c h  of t h e  power-line hum changed i n  a manner p r e c i s e l y  oppos i t e  t o  

what should be expected of a normal r eco rde r .  Furthermore, t h e  p a t t e r n  

of hum change wi th  s t o p s  and s t a r t s  seemed t o  be more o r  l e s s  what should 

be expected of a normal machine ope ra t ing  i n  t h e  reproducing mode. 

These f i n d i n g s  r a i s e d  t h e  p o s s i b i l i t y  t h a t  t h e  Evidence Tape might 

be a re-recording.  Using va r ious  combinations of t h e  Sony r e c o r d e r s  t o  

make re - record ings ,  we at tempted t o  s imulate  t h e  r i s i n g  and f a l l i n g  

p i t c h  character is ti.^^ t h a t  we found on t h e  Evidence Tape. We found, how- 

e v e r ,  t h a t  we were unable t o  match the  c h a r a c t e r i s t i c s  seen on t h e  

Evidence Tape. 

We d id  f i n d  one o f t h e  Sony 8 0 0 B  r eco rde r s  ( r e f e r r e d  t o  a s  EOB-Sony C )  

t h a t  has  an anomalously func t ion ing  caps tan  servo system. In  t h e  Sony 

C ,  when t h e  remote c o n t r o l  func t ion  i s  ac tua t ed ,  t he  caps tan  motor 

ope ra t e s  a t  approximately four  t imes the  intended speed f o r  about  one- 

h a l f  second and then drops  t o  t h e  normal speed. Thus, i f  a record ing  

were made on t h i s  machine, o r  another  machine with s i m i l a r  p e c u l i a r i t i e s ,  

t he  p i t c h  of t h e  hum would i n  f a c t  drop when the  machine i s  f i r s t  ac tua t ed .  

We were not  ab l e  t o  l o c a t e  a Sony 8 0 0 B  recorder  t h a t  e x a c t l y  dupl ica ted  

a l l  of t h e  c h a r a c t e r i s t i c s  shown on the  Evidence Tape ( see  TN 6 and TN 7 ) .  



However, t h e  e x i s t e n c e  of a t  l e a s t  one machine t h a t  p roduces  anomalous 

p i t c h  changes  resembl ing  t h e  ones  heard  on t h e  Evidence Tape means t h a t  

t h e  h y p o t h e s i s  o f  r e - r e c o r d i n g  i s  n o t  l o g i c a l l y  n e c e s s a r y ,  and  t h a t  such 

anomal ies  c a n  be  e x p l a i n e d  i n  t e rms  o f  a d e f e c t i v e  c a p s t a n  s e r v o  system 

l i k e  t h a t  obse rved  on Sony C.  

The Pane l  made e x h a u s t i v e  t e s t s  on anomalous p i t c h  changes  a s  r e l a -  

t e d  t o  t h e  o r i g i n a l i t y  o f  t h e  Evidence Tape.  However, most o f  t h e  t e s t s  

were made b e f o r e  we r e c e i v e d  t h e  Sony C machine,  s o  t h e  r e s u l t s  o f  t h e  

t e s t s  a r e  n o t  germane t o  our  f i n a l  c o n c l u s i o n s .  There fore  we have n o t  

i n c l u d e d  i n  t h i s  r e p o r t  a  d i s c u s s i o n  o f  t h e  more t h a n  one hundred pages  

o f  d a t a  t h a t  we o b t a i n e d  i n  s t u d y i n g  anomalous p i t c h  changes .  

2 .  O t h e r  T e s t s  

The o t h e r  k i n d s  o f  t e s t s  t h a t  we conducted i n  o r d e r  t o  de te rmine  

whether  t h e  t a p e  w a s  a  r e - r e c o r d i n g  a r e  summarized below. These t e s t s  

y i e l d e d  no r e s u l t s  t h a t  would i n d i c a t e  a  r e - r e c o r d i n g ,  and f o r  t h a t  

r e a s o n  we ment ion them wi thou t  i n c l u d i n g  d a t a .  

We examined t h e  Evicence Tape f o r  " th rough  t o n e s " ,  i . e . ,  t o n e s  t h a t  

were r e c o r d e d  from a  c o n s t a n t  f requency  b u t  t h a t  do n o t  r i s e  o r  f a l l  i n  

p i t c h  w i t h  VOX s t o p s  and s t a r t s .  The p r e s e n c e  o f  such t o n e s  cou ld  imply 

a r e - r e c o r d i n g .  W e  d i d  n o t  f i n d  any ev idence  of th rough- tones .  

We examined t h e  Evidence Tape f o r  e x t r a n e o u s  s t a r t  o r  s t o p  c l i c k s  

t h a t  migh t  have been in t roduced  d u r i n g  a  r e - r e c o r d i n g .  We found no 

such c l i c k s .  

We examined t h e  Evidence Tape f o r  anomalous changes  i n  spectrum. 

Slow-speed r e c o r d e r s  such  a s  t h o s e  used a t  t h e  White House have a f r e -  

quency r e s p o n s e  t h a t  f a l l s  i n  a  c h a r a c t e r i s t i c  way a t  h igh- f requenc ies .  

I f  a  r e c o r d i n g  d i s p l a y e d  a  high-frequency c h a r a c t e r i s t i c  t h a t  f e l l  much 

more r a p i d l y  t h a n  o t h e r  s i m i l a r  r e c o r d i n g s ,  we would have had r e a s o n  t o  

s u s p e c t  a  r e - r e c o r d i n g .  We found no such spectrum changes .  

We examined t h e  Evidence Tape f o r  added n o i s e ,  hum, o r  f l u t t e r .  I f  

a  r e c o r d i n g  had c o n t a i n e d  n o i s e ,  hum, o r  f l u t t e r  o f  d i f f e r e n t  amount o r  

c h a r a c t e r  t h a n  a  Sony 800B, we would have c o n s i d e r e d  t h e  p o s s i b i l i t y  



t h a t  t hese  f e a t u r e s  might have been added i n  a  process  of re - record ing .  

We found no evidence of added hum, f l u t t e r ,  o r  no ise .  

We examined c e r t a i n  mechanical and e l e c t r o n i c  c h a r a c t e r i s t i c s  of 

t h e  va r ious  r ec rode r s  t h a t  might have recorded t h e  Evidence Tape. The 

c h a r a c t e r i s t i c s  we s tud ied  included t ape  speed,  magnetic marks, f l u t t e r ,  

frequency response,  and head geometry (gap dimensions, spac ing ,  l o c a t i o n s ,  

and number; v e r t i c a l  displacement  of  record  and e r a s e  heads and azimuth 

ang le  of t h e  record  head) .  These t e s t s  and t h e i r  c o r r e l a t i o n  wi th  

marks on t h e  Evidence Tape a r e  d e t a i l e d  i n  many o t h e r  p a r t s  of  t h i s  r e p o r t  

The r e s u l t s  of each of t h e s e  t e s t s  were c o n s i s t e n t  wi th  t h e  assumption 

t h a t  t h e  Evidence Tape i s  an o r i g i n a l  recording and no t  a  re - record ing .  



Technical Note 11 

ON THE POSSIBILITY OF RECOVERING INTELLIGIBLE SPEECH 

One of  t h e  main o b j e c t i v e s  of our  s tudy  of t h e  18.5 minute buzz 

s e c t i o n  of  t h e  Evidence Tape was t o  determine whether t h e  s i g n a l  o r i g i n a l l y  

recorded i n  t h i s  s e c t i o n  could be recovered,  and i f  so t o  perform such 

recovery. Two t h i n g s  were apparent  a t  t h e  s t a r t  of t h i s  i n v e s t i g a t i o n :  

recovery of  i n t e l l i g i b l e  speech was h ighly  u n l i k e l y ,  and any method o f  

s i g n a l  recovery would be based by and l a r g e  on t h e  assumption t h a t  

the  e r a su re  of t h e  o r i g i n a l  s i g n a l  was imperfec t .  In  t h i s  t e c h n i c a l  note  

we d e s c r i b e  two approaches t h a t  we took i n  our  a t tempts  t o  recover  t h e  

s i g n a l ,  n e i t h e r  of which proved t o  be succes s fu l .  

Our f i r s t  approach t o  recovery of t h e  s i g n a l  was based on t h e  poss i -  

b i l i t y  t h a t  t h e  e r a s e  head might have been placed too  high o r  t oo  low 

ac ros s  t h e  width of t h e  t ape .  Had t h i s  occurred ,  t h e  head might n o t  have 

covered t h e  e n t i r e  t r a c k  recorded by t h e  Sony 800B, and so might have 

l e f t  an unerased f r i n g e  a t  one of  t he  edges of t h e  t r a c k .  To t e s t  t h i s  

i d e a ,  we f i r s t  developed se l ec t ed  p o r t i o n s  of t h e  buzz sec t ion  and examined 

the  v i s i b l e  t r a c k s  f o r  p a t t e r n s  i n d i c a t i n g  t h e  ex i s t ence  of r e s i d u a l  speech 

a t  e i t h e r  edge of t h e  t r a c k .  No such p a t t e r n s  were de t ec t ed .  We then  

t r i e d  p l ay ing  back t h e  buzz s e c t i o n ,  u s ing  a s p e c i a l  playback head t h a t  

reproduced only  t h e  p o r t i o n  of t he  tape  a t  one o r  t h e  o t h e r  edge of t h e  

buzz t r a c k .  Once aga in ,  we obtained no i n d i c a t i o n  of sounds o t h e r  than  

t h e  buzz. F i n a l l y ,  we played back t h e  normally unrecorded t r a c k s  of  t he  

tape  i n  t h e  remote hope t h a t  f a i n t l y  aud ib l e  speech sounds might be de- 

t e c t e d ,  b u t  none were. 



The second approach we t r i e d  was based on the  p o s s i b i l i t y  t h a t  

t h e  e r a su re  of t h e  o r i g i n a l  s i g n a l  might have been a weak one. If a 

weak e ra su re  had i n  f a c t  occurred ,  and had the  buzz sound n o t  been 

recorded onto  t h e  t a p e ,  we might have been ab le  t o  hear speech- l ike  

sounds beneath a background o f  h i s s i n g  noise  by p lay ing  t h e  t a p e  back 

through a s u f f i c i e n t l y  powerful ampl i f i ca t ion  system. Obviously, t o  

t e s t  t h i s  assumption we had t o  f i r s t  e l imina te  t he  buzzing sound i n  t h e  

reproduced s i g n a l  and then  l i s t e n ,  through s u i t a b l y  powerful ampl i f ica-  

t i o n ,  t o  t h e  s i g n a l  t h a t  remained. 

We e l imina ted  t h e  buzz by pass ing  t h e  reproduced s i g n a l  through a 

f i l t e r  t h a t  was designed t o  p a s s  only  those  components of t h e  s i g n a l  

t h a t  were not  a t  t h e  f r equenc ie s  of t he  buzz components ( see  Technical  

Note 5 ) .  For t h e  most p a r t ,  t h e  f requencies  of t h e  buzz components, 

which f e l l  a t  i n t e g r a l  m u l t i p l e s  of  about  60 Hz, were cons t an t  f o r  p e r i -  

ods of up t o  s eve ra l  seconds. By c o n t r a s t ,  t h e  components of  speech,  

i f  any were p r e s e n t  underneath t h e  buzz, would probably have v a r i e d  con- 

t i nuous ly  dur ing  i n t e r v a l s  of such du ra t ion .  Therefore ,  by pas s ing  

on ly  those  components t h a t  f e l l  o u t s i d e  narrow bands cen te red  a t  t h e  

f requencies  of t h e  buzz components, we were a b l e  t o  e l imina te  v i r t u a l l y  

a l l  of t he  buzz while  a t  t h e  same time e l imina t ing  only  a small  p o r t i o n  

of any speech t h a t  might have been under t h e  buzz. 

The technique desc r ibed  above is  commonly c a l l e d  comb f i l t e r i n g .  

We used it t o  process  segments of the  s i g n a l  a t  va r ious  p l a c e s  i n  

t h e  buzz s e c t i o n  of t h e  Evidence Tape. For t h i s  t a s k ,  s i g n a l  process-  

i ng  was performed by a l a r g e  s c a l e  d i g i t a l  computer, which was programmed 

t o  genera te  a t  each segment a comb f i l t e r  t h a t  e x a c t l y  matched t h e  f r e -  

quencies  of t h e  buzz components i n  t h a t  segment. We g r e a t l y  ampl i f ied  

t h e  s i g n a l  t h a t  remained a f t e r  t h e  buzz had been removed, t o  i n s u r e  

t h a t  we would be ab le  t o  hear  any speech t h a t  might be p re sen t .  However, 

a l though we c a r e f u l l y  l i s t e n e d  many t imes t o  each segment t h a t  was pro- 

cessed  i n  t h i s  manner, we were never a b l e  t o  d e t e c t  even t h e  f a i n t e s t  

i n d i c a t i o n  of a speech-l ike sound beneath t h e  r e s i d u a l  t ape  h i s s .  



A s  noted elsewhere,  t h e r e  e x i s t  t h r e e  s h o r t  segments i n  t h e  buzz 

s e c t i o n  of t h e  Evidence Tape i n  which speech-l ike sounds can be  heard.  

The f i r s t  is  loca t ed  a t  the  very beginning of t h e  buzz and extends f o r  

1 . 2  seconds. The second i s  loca t ed  a t  49.47 seconds i n t o  t h e  buzz and 

extends f o r  0 .3 seconds. The t h i r d  i s  loca t ed  a t  1042.74 seconds i n t o  

t h e  buzz and ex tends  f o r  0.55 seconds. For t h e s e  t h r e e  s e c t i o n s ,  e spec i -  

a l l y  f o r  t h e  l a t t e r  two, it is p o s s i b l e  upon repea ted  and c a r e f u l  l i s t e n -  

ing  t o  t h e  t a p e  t o  d i s c e r n  a f a i n t  speech-l ike sound underneath t h e  buzz- 

ing  sound. Af t e r  f i l t e r i n g ,  t hese  speech-l ike sounds a r e  rendered much 

more r e a d i l y  recognizable  a s  being almost c e r t a i n l y  a s soc i a t ed  wi th  human 

speech a c t i v i t y .  However, t h e  sounds, g e n e r a l l y  muffled i n  na tu re ,  a r e  

not  s u f f i c i e n t l y  loud o r  s u f f i c i e n t l y  c r i s p  t o  be understandable.  

The panel  a l s o  considered s e v e r a l  o t h e r  techniques t h a t  were proposed 

f o r  recovery of  t h e  e rased  s i g n a l .  One method involved t h e  use  of  x-ray 

d i f f r a c t i o n  t o  observe p a t t e r n s  i n  t he  magnetic domain s t r u c t u r e .  Although 

t h i s  idea  o f f e r s  an  i n t e r e s t i n g  r e sea rch  problem, we d i d  not  pursue it 

because it would t a k e  months i f  no t  yea r s  t o  acoomplish and i n  our  opin ion  

would have a n e g l i g i b l e  chance of y i e l d i n g  r e s u l t s  of value t o  our  i n v e s t i -  

g a t  ion.  

Another p o s s i b i l i t y  involved t r y i n g  t o  d e t e c t  magnetic skew, a d i s -  

t o r t i o n  of  t h e  domain s t r u c t u r e  brought about  by t h e  o f f - a x i s  magnetic - - 
f i e l d  of t h e  record  head. Skewbecomesgradually "annealed" i n t o  a p e r m a -  

nent  s h i f t ,  which sugges ts  t h a t  we might be a b l e  t o  d i s t i n g u i s h  between 

s i g n a l s  recorded i n  June,  1972, and those  added more than a year  

l a t e r .  However, t h e  t e s t  would des t roy  some evidence because skew de tec-  

t i o n  r e q u i r e s  t h e  e r a su re  of t he  normal magnetic s i g n a l s  on t h e  t ape .  

Since t h e  chance of  success  appeared n e g l i g i b l e ,  we d id  not  pursue t h i s  

approach. 

In  view of  t h e  r e s u l t s  of ou r  t e s t s ~ w e  concluded t h a t  recovery of  

t h e  o r i g i n a l  s i g n a l  recorded i n  t he  buzz s e c t i o n  of t h e  Evidence Tape 

i s  not  p o s s i b l e  by any method known t o  us .  Moreover, s i n c e  the  e a r  i s  

t h e  b e s t  d e t e c t o r  of speech-l ike sounds t h a t  we know o f ,  and s i n c e  we 

were no t  a b l e  t o  d e t e c t  even a h i n t  of speech-l ike sounds i n  t h e  buzz 

s e c t i o n  of t h e  t a p e ,  it i s  l i k e l y  t h a t  recovery of t h e  o r i g i n a l  s i g n a l  

w i l l  never be p o s s i b l e .  



Technical Note 12 

MINOR TRANSIENTS I N  THE BUZZ SECTION 

Af te r  t h e  Panel had analyzed t h e  major even t s  i n  t he  buzz s e c t i o n ,  

we l i s t e n e d  c a r e f u l l y  f o r  any o t h e r ,  weaker sounds t h a t  might c o n t r i b u t e  

f u r t h e r  t o  ou r  understanding of  t he  buzz s e c t i o n .  We observed about  a  

dozen of t h e s e  minor t r a n s i e n t s ,  which sound l i k e  very f a i n t  c l i c k s  

ba re ly  d i s c e r n i b l e  above the  background no i se .  The ampli tudes of  t h e i r  

waveforms a r e  smal le r  than those of t h e  major events  produced by tu rn ing  

t h e  record  and e r a s e  heads o f f  o r  on. 

Waveforms of  four  of  t hese  minor t r a n s i e n t s  appear i n  Technical  

Notes 2 and 3 ,  i n  the  i l l u s t r a t i o n s  given f o r  Event Times 46, 155, 275, 

and 684 seconds, r e spec t ive ly .  A s  t h e  d i scuss ion  of  those i l l u s t r a t i o n s  

i n d i c a t e s ,  those  minor t r a n s i e n t s  a r e  of unce r t a in  o r i g i n .  The remain- 

ing  e i g h t  minor t r a n s i e n t s  a r e  i l l u s t r a t e d  here  i n  Figure 1. 

I n  the  f i g u r e ,  each pulse  i s  shown i n  two p i c t u r e s  of waveforms. 

The waveform i s  much more spread o u t  i n  t h e  p i c t u r e  on t h e  l e f t  than  i n  

t h e  one on t h e  r i g h t .  A segment one mi l l imeter  long i n  t he  p i c t u r e  on 

t h e  r i g h t  spreads  o u t  over  a  l eng th  of about  50 mi l l ime te r s  i n  t h e  p i c -  

t u r e  on the  l e f t .  In  terms of playback t ime,  t h e  p i c t u r e  on t h e  r i g h t  

r e p r e s e n t s  a  t o t a l  du ra t ion  of 1.67 seconds, whereas the  one on t h e  

l e f t  r e p r e s e n t s  only 50 mi l l i seconds .  

The p i c t u r e s  on t h e  r i g h t  were made by t h e  system t h a t  made t h e  

waveform p i c t u r e s  given i n  Technical Note 2 .  The p i c t u r e s  a r e  p r i n t e d  

a t  about 40 pe rcen t  of t h e  s i z e  a t  which they a r e  p r i n t e d  i n  Technical  

Note 2. The p i c t u r e s  on the  l e f t  were made by the  system t h a t  made 

the  en larged  waveform p i c t u r e s  given i n  Technical Note 3 ,  bu t  he re  they  

a r e  p r i n t e d  about  10 percent  l a r g e r .  



event time 
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F igu re  1. Waveforms of minor  t r a n s i e n t s  



Figure  1. (Cont inued) 



Both k inds  of  p i c t u r e s  a r e  u s e f u l  f o r  s tudying  t r a n s i e n t  p u l s e s .  

A very small  p u l s e ,  such a s  t h e  one shown i n  F igure  1 a t  t he  even t  t ime 

o f  182.70, i s  e a s i e r  t o  d e t e c t  i n  t h e  compressed time o f  p i c t u r e  on t h e  

r i g h t ;  bu t  t h e  spread o u t  v e r s i o n  i s  needed t o  show waveform d e t a i l s  t h a t  

might he lp  i n  i d e n t i f y i n g  t h e  cause of t h e  pu l se .  

In  a t tempt ing  t o  exp la in  how t h e s e  t r a n s i e n t  p u l s e s  were genera ted  

we considered f o u r  d i f f e r e n t  k inds  of  exp lana t ions .  

The p u l s e s  a r e  r e l a t e d  t o  t h e  p r i n c i p a l  even t s  i n  some manner. 

Th i s  explana t ion  i s  c o n t r a d i c t e d  by t h e  appa ren t ly  random d i s t r i b u t i o n  of 

t h e  p u l s e s  i n  t h e  18.5 minute buzz s e c t i o n .  Moreover, w i th  t h e  except ion  

o f  t h e  t r a n s i e n t s  a t  event  t imes  155 and 684, none of  t h e s e  p u l s e s  occurs  

near  enough t o  t h e  p r i n c i p a l  even t s  t o  be f u n c t i o n a l l y  r e l a t a b l e  t o  them. 

The p u l s e s  a r e  r e l a t e d  t o  machine func t ions  i n  t h e  Uher 5000. 

Th i s  explana t ion  f a i l s  because t h e  ampli tude of  t h e  minor p u l s e s  is very 

much lower than those  genera ted  by ope ra t i on  of any of  t h e  keys and con- 

t r o l s  on t he  r eco rde r .  Some of t h e  p u l s e s  were s o  much lower than  t h e  

buzz t h a t  t hey  were b a r e l y  d e t e c t a b l e  e i t h e r  by l i s t e n i n g  o r  by examina- 

t i o n  of  t h e  buzz waveform i n  which they were embedded. 

The p u l s e s  were caused by b r i e f  f a i l u r e s  of components i n  t h e  r eco rde r .  

Here, t o o ,  t h e  low ampli tude of  t h e  p u l s e s  is i n c o n s i s t e n t  wi th  t h e  explana- 

t i o n .  Moreover, cons ide r ing  t h a t  t h e  buzz s e c t i o n  i s  18.5 minutes long ,  

r e l a t i v e l y  few p u l s e s  occur .  

The p u l s e s  were t h e  r e s u l t  of  ex t raneous  no i se  pickup.  

While t h i s  exp lana t ion  can never be proved, it i s  supported by two observa- 

t i o n s .  The p u l s e s  a r e  s i m i l a r  t o  weak recorded c l i c k s  and pops t h a t  a r e  

caused by ex t raneous  n o i s e  pickup i n  normally func t ion ing  t ape  r e c o r d e r s ,  

p a r t i c u l a r l y  t hose  used i n  p r a c t i c a l  record ing  environments.  Some o f  

t h e  l a r g e r  of t h e  c l i c k s  a r e  synchronous wi th  p e r i o d i c  no i se  p u l s e s  t h a t  

occur  i n  t h e  buzz waveform, and may simply be l a r g e r  v e r s i o n s  o f  t h e s e  

p u l s e s .  

This  f o u r t h  explana t ion  i s  t h e  one most s t r o n g l y  supported by t h e  

evidence.  Such sma l l ,  ex t raneous  p u l s e s  a r e  e a s i l y  produced by such 

occur rences  a s  swi tch ing  on and o f f  l i g h t s  and s t a r t i n g  and s topping  

e l e c t r i c a l  app l i ances  and dev ices .  



Technical  Note 1 3  

MEASUREMENT OF TAPE LENGTH, SPLICES, BIAS FRGQUENCY, AND AZIMUTH ANGLE 

1. Tape l e n g t h  measurement 

The Panel measured t h e  len tgh  of t h e  t ape  w i th  a  commercial " t a p e  

t imer , "  Lyrec Model TIM 4-A,  S e r i a l  Number 1 0  398, which i s  a  p r e c i s i o n  

p u l l e y  combined wi th  a  b u i l t - i n  counter .  We wound t h e  t ape  a t  h igh  speed 

over  t h e  p u l l e y  and measured t h e  number o f  r e v o l u t i o n s  of t h e  coun te r .  

From t h e  r e s u l t i n g  d a t a  w e  c a l c u l a t e d  t h e  l e n g t h  of  t h e  t ape .  

The Evidence Tape i s  553.06 meters  long (1814.5 f e e t ) .  Th i s  i s  

we l l  w i th in  t h e  normal range of l eng ths  f o r  t a p e s  s o l d  a s  550 meters  

(1800 f e e t )  i n  l eng th .  

2. Search f o r  p h y s i c a l  s p l i c e s  

Although p h y s i c a l  s p l i c e s  i n  a  t a p e  can be  f e l t  o r  seen wi th  t h e  

naked eye,  such methods a r e  very slow and s u b j e c t  t o  human e r r o r ,  

e s p e c i a l l y  cons ide r ing  t h e  l eng th  o f  t a p e s  examined i n  t h i s  s tudy.  To 

check f o r  p h y s i c a l  s p l i c e s ,  t h e  Panel dev ised  an instrument  u s ing  a  

s e n s i t i v e  acce le rometer ,  which i s  capable  of d e t e c t i n g  extremely smal l  

changes i n  t a p e  t h i cknes s .  In s imula t ion  t e s t s ,  t h e  instrument  r e l i a b l y  

de t ec t ed  a c t u a l  s p l i c e s  and even smal le r  changes i n  t a p e  t h i c k n e s s  t han  

would occur  from t h e  use of  s p l i c i n g  t a p e  i n  normal s p l i c i n g  ope ra t i ons .  

Tes t s  conducted on t h e  Evidence Tape us ing  t h e  s p l i c e  d e t e c t o r  showed no 

phys i ca l  s p l i c e s ,  



3. Azimuth ang le  measurement 

The "azimuth angle"  of a t ape  recorder  is  t h e  angle  between t h e  

l i n e  of t h e  head gap and a l i n e  perpendicular  t o  t h e  d i r e c t i o n  of  t h e  

t ape  motion. The azimuth angle  is  an ind iv idua l  mechanical c h a r a c t e r i s t i c  

of a t ape  recorder .  

We d i r e c t l y  measured t h e  azimuth angles  of t h e  heads on two Uher 

r eco rde r s  and t h r e e  Sony r eco rde r s ,  by p lay ing  on them a " ~ i f f e r e n c e  

Method Azimuth Adjustment Tes t  Tape," Cat. N r .  22A108, manufactured by 

Magnetic Reference Laboratory of Palo Al to ,  Ca l i fo rn i a .  We measured 

t h e  l e v e l  d i f f e r e n c e s  between t h e  output  s i g n a l s  from tones  o r i g i n a l l y  

recorded on t h a t  t e s t  t a p e  a t  two d i f f e r e n t  azimuth angles ,  and c a l c u l a t e d  

t h e  azimuth angle  according t o  t h e  manufac turer ' s  i n s t r u c t i o n s .  The 

measured azimuth ang le s  were a s  fol lows:  Sony A ,  -1.7 mrad ( m i l l i r a d i a n s ) ;  

Sony B ,  -1.7 mrad; Sony C ,  -16 mrad; Exh ib i t  60 Uher, -2.2 mrad; and t h e  

S e c r e t  Serv ice  Uher, -3.3 mrad. 

We i n d i r e c t l y  measured t h e  azimuth angle  on t h e  Evidence Tape by 

p lay ing  it on a Sony 800B purchased by Bolt  Beranek and Newman Inc. f o r  

t h e  t e s t s .  We s e t  t h e  azimuth angle  of t h e  BBN Sony by l i s t e n i n g  t o  

t h e  sound, and a d j u s t i n g  t h e  azimuth angle t o  achieve maximum aud ib l e  

high-frequency response. The p o i n t  of  c o r r e c t  adjustment i s  both obvious 

and repea tab le .  Then we measured t h e  azimuth of t h e  reproducing head with 

t h e  MRL Azimuth Dif fe rence  Tes t  Tape. The angle of  t h e  speech before  t h e  

buzz was - 4 . 4  m a d ,  and t h e  angle  of t h e  buzz a t  i t s  s t a r t  was -1.7 mrad. 

The azimuth angle  of t h e  speech before  t h e  buzz on t h e  Evidence Tape 

does not  agree  exac t ly  wi th  t h a t  of  any of t h e s e  r eco rde r s ,  i n d i c a t i n g  

t h a t  t h e  speech record ing  was probably not  made on Sony A ,  B, o r  C. We 

d i d  no t  f u r t h e r  pursue t h i s  i n v e s t i g a t i o n .  

The d i f f e r e n c e  between t h e  azimuth angle of t h e  buzz on t h e  Evidence 

Tape and t h e  azimuth angle  of  t h e  Exh ib i t  60 Uher i s  0.5 mrad which is 

wi th in  t h e  l i m i t s  of angular  e r r o r  involved i n  guiding t h e  t a p e  i n  t h e  

recorder .  The d i f f e r e n c e  between t h e  Evidence Tape and t h e  S e c r e t  

Serv ice  Uher i s  1.6 mrad, which is a s i g n i f i c a n t  d i f f e r ence .  

We conclude from t h e s e  measurements of azimuth angle  t h a t  t h e  buzz 

on t h e  Evidence Tape was more l i k e l y  t o  have been recorded on t h e  

Exh ib i t  60 Uher than on t h e  S e c r e t  Serv ice  Uher. 



4. Bias frequency measurement 

Audio recording normally involves the use of a high-frequency ac 

bias current added to the audio signal current. The frequency of the 

bias in the Sony and Uher recorders that we studied is approximately 

50 kHz. The ac bias performs its function whether or not the bias 

itself is actually recorded onto the tape: sometimes it is and sometimes 

it is not. When the bias is recorded and measureable, it can be of 

assistance in identifying the machine on which the tape was recorded. 

We made several attempts to recover the bias signal and were unable 

to do so. At the low tape speed of 24 mm/s (15/16 in/s) at which the 

Evidence Tape was recorded, the bias wavelength is only 0.5 micrometers 

(0.0005 rnrn). We know of no tape reproducer, either commercial or 

research-type, that can recover signals of such short wavelength. 

conceivably we could have developed a special device that could 

recover such signals. We did not undertake to do so because we found 

that hum tones available on the buzz section enabled us to obtain the 

same kinds of information that a bias signal might have yielded. 




