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T e c h n i c a l  Note 3 

COMPARATIVE STUDIES OF ELECTRICAL 

WAVEFORMS AND SPECTROGRAMS 

T h i s  t e c h n i c a l  n o t e  p r e s e n t s  waveform and s p e c t r o -  

g r a p h i c  a n a l y s e s  of t h e  p r i n c i p a l  s i g n a l  e v e n t s  on t h e  J u n e  

20, 1972 t a p e .  Waveform d e t a i l s  a r e  examined u s i n g  computer  

t e c h n i q u e s  f o r  d i s p l a y  and s i g n a l  l o c a t i o n .  Excerp ted  e v e n t s  

a r e  d e l i v e r e d  t o  a  sound s p e c t r o g r a p h  f o r  a n a l y s i s  o f  t i m e ,  

f r equency  and i n t e n s i t y  c h a r a c t e r i s t i c s .  The s p e c t r o g r a p h i c  

r e s u l t s  a r e  d i s p l a y e d  i n  t i m e - r e g i s t r a t i o n  w i t h  t h e  waveform 

d a t a .  

The n o t e  a l s o  d e s c r i b e s  l a b o r a t o r y  s i m u l a t i o n s  of 

p r i n c i p a l  s i g n a l  e v e n t s ,  and it p r e s e n t s  computer and s p e c t r o -  

g r a p h i c  a n a l y s e s  o f  t h e  s i m u l a t i o n s .  

The waveform d a t a  c o r r e s p o n d  w i t h  t h o s e  o f  T e c h n i c a l  

Note 2  and hence p r o v i d e  d i r e c t  comparison and a  v a l u a b l e  

means f o r  i n t e r r e l a t i n g  magnet ic  development and s p e c t r o -  

g r a p h i c  a n a l y s i s .  The computer t e c h n i q u e s  used i n  t h e  two 

c a s e s ,  however,  a r e  comple te ly  independen t ,  and t h e r e f o r e  a r e  

m u t u a l l y  s u p p o r t i v e  i n  t h e i r  o v e r l a p p i n g  a r e a s .  T e c h n i c a l  

Note 3 i s  a  s e l f - c o n t a i n e d  t r e a t m e n t  of  t h e  t o p i c s  l i s t e d  

i n  t h e  f o l l o w i n g  t a b l e .  
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E l e c t r i c a l  Waveform S t u d i e s  o f  t h e  18.5 Minute Tape 

1. E l e c t r i c a l  Playback 

The s i g n a l s  recorded i n  t h e  18.5 minute buzz 

passage of  t h e  June 20, 1972 Execut ive  Of f i ce  Bui ld ing  t a p e  

were s t u d i e d  i n  t e r m s  o f  t h e  e l e c t r i c a l  waveforms they  pro- 

duce upon playback of  t h e  t ape .  E l e c t r i c a l  a n a l y s i s  of t h e  

s i g n a l  waveforms i s  independent of  and d i s t i n c t  from d i r e c t  

development of  magnetic p a t t e r n s  on t h e  t a p e .  I n  t h e  l a t t e r  

i n s t a n c e ,  a s  d i s cus sed  i n  Technica l  Note #l, magnetic p a t -  

t e r n s  a r e  made v i s i b l e  d i r e c t l y  on t h e  t a p e  by d e p o s i t i n g  

f i ne ly -d iv ided  i r o n  p a r t i c l e s  from a  v o l a t i l e  s o l u t i o n .  

Independent s t u d i e s  o f  e l e c t r i c a l  waveforms w e r e  

done i n  f o u r  l a b o r a t o r i e s :  B o l t  Beranek and Newman I n c .  

(BBN) ; Fede ra l  S c i e n t i f i c  Corporat ion (FSC) ; Unive r s i t y  of  

Utah ( U U )  ; and B e l l  Labora to r i e s  (BTL) . The o r i g i n a l  e v i -  

dence t a p e  was analyzed d i r e c t l y  i n  t h e  f i r s t  t h r e e  l o c a t i o n s ,  

and cop ie s  of t h e  evidence t a p e  were used i n  t h e  l a t t e r  l oca -  

t i o n  f o r  conf i rmatory and c o r r o b o r a t i v e  s t u d i e s .  I n  a d d i t i o n ,  

s t u d i e s  were made a t  t h e  l a t t e r  l o c a t i o n  of t h e  e l e c t r i c a l  

waveforms produced by l a b o r a t o r y  record ings  w i th  t h r e e  d i f f e r -  

e n t  r eco rd ing  machines; two Uher 5000 's  and one Sony 800B. 

E l e c t r i c a l  playbacks of  t h e  o r i g i n a l  ev idence  t a p e  

were made from Sony 800B r e c o r d e r s  s e t  t o  t h e i r  15/16 i p s  

speed.  Playbacks of  t a p e  copies  and l abo ra to ry  r eco rd ings  

were p r i m a r i l y  from a  Sony 800B and from an Ampex 440. 

2 .  D i g i t i z a t i o n  of E l e c t r i c a l  Waveforms 

The waveform s t u d i e s  u t i l i z e d  d i g i t a l  r e p r e s e n t a -  

t i o n s  of  t h e  e l e c t r i c a l  s i g n a l s .  I n  each c a s e ,  t h e  f i r s t  

s t e p  of t h e  procedure was ana log - to -d ig i t a l  convers ion of  

t h e  s i g n a l  and s t o r a g e  i n  a  d i g i t a l  memory. D i g i t a l  com- 

p u t e r s  were used a t  BBN, UU and BTL, and a  s p e c i a l  d i g i t a l  

machine was used a t  FSC. 

D i g i t a l  Equipment Corporat ion PDP-10 computers 

w e r e  used a t  BBN and UU,  wi th  1 0  KHz sampling,  0-4 KHz 



bandwidth and 1 4 - b i t  q u a n t i z a t i o n .  A Honeywell DDP-224 computer 

was used a t  BTL, w i t h  1 0  KHz (and some 20 and 40  K H z )  sampling,  

0-4 KHz bandwidth and 12 -b i t  q u a n t i z a t i o n .  A Honeywell HIS-6070 
@ was a l s o  used f o r  g raph ic  d i sp l ay .  A Model UA-500 Ubiquitous 

Spectrum Analyzer was used a t  FSC i n  accordance wi th  t h e  capa- 

b i l i t i e s  of  i t s  1,500-word d i g i t a l  memory (9-bit /word) . 
This  t e c h n i c a l  no t e  c e n t e r s  p r i m a r i l y  on t h e  waveform 

ana lyses  conducted a t  BTL. 

3. High-Fide l i ty  Tape Copies 

I n  o r d e r  t o  avoid phys i ca l  t a p e  wear and t h e  c u s t o d i a l  * 
c o n s t r a i n t s  neces sa ry  i n  handl ing t h e  o r i g i n a l  t a p e ,  a number of 

analog t a p e  copies  were made f o r  l a b o r a t o r y  use .  Three copies  

were made from t h e  o r i g i n a l  a t  FSC by p l ay ing  a t  f o u r  t imes t h e  

o r i g i n a l  speed ( i . e .  3-3/4 i p s )  on a l a b o r a t o r y  Nagra machine and 

r eco rd ing  on ano the r  l a b o r a t o r y  Nagra machine. A f o u r t h  copy was 

made from one of  t h e s e  copies  by t h e  same technique .  Two o t h e r  

analog copies  were made a t  FSC by p l ay ing  a t  15/16 i p s  from a 

Sony 800B and r eco rd ing  on a Nagra a t  7-1/2  i p s .  Another analog 

copy was made by o u t p u t t i n g  t h e  UU d i g i t i z a t i o n  from i t s  PDP-10 

computer t o  an Arnpex 4 4 0  machine running a t  7-1/2 i p s .  S t i l l  

ano ther  copy of p o r t i o n s  of t h e  18.5 minute passage was made by 

o u t p u t t i n g  t h e  BBN d i g i t i z a t i o n  from i t s  PDP-10 computer t o  a 
+ 

Braun TG 1000 machine running a t  7-1/2 i p s .  These va r ious  

techniques  provided o p p o r t u n i t i e s  f o r  checking and conf i rming t h e  

accuracy of t h e  l a b o r a t o r y  copying procedures .  

The s t u d i e s  of  t h e  18.5 minute passage descr ibed  h e r e  

were made i n i t i a l l y  from t h e  f o u r t h  FSC Nagra-to-Nagra copy and 

f i n a l l y  from t h e  UU-Ampex 440 copy which was phase-compensated i n  

t h e  l a b o r a t o r y .  

* 
Custodia l  procedures  were such t h a t  whenever t h e  o r i g i n a l  t a p e  
was being s t u d i e d ,  it was accompanied by two o r  more U . S .  Deputy 
Marshals and by a t t o r n e y s  from both t h e  White House and S p e c i a l  
Prosecu t ion  s t a f f s .  O r i g i n a l  equipment and t a p e  were always i n  
custody of  t h e  U . S .  Deputy Marshals. 

' ~ l s e w h e r e  t a p e  speeds  may appear i n  m e t r i c  measure. The 
nominal m e t r i c  e q u i v a l e n t s  a r e :  2 4  mm/sec ( f o r  15/16 i p s ) ,  
95 mm/sec ( f o r  3-3/4 i p s ) ,  and 1 9 0  mrn/sec ( f o r  7-1/2 i p s ) .  



For  t h e  g r e a t e s t  accuracy  i n  f i n a l  a n a l y s e s  and 

i l l u s t r a t i o n s ,  a  phase  compensat ion p rocedure  was used  t o  

produce  a h i g h - f i d e l i t y  copy. The p rocedure  was a s  f o l l o w s .  

The UU d i g i t i z a t i o n  o f  t h e  o r i g i n a l  e v i d e n c e  

t a p e  was o u t p u t t e d  ( th rough  t h e  d i g i t a l - t o - a n a l o g  c o n v e r t e r  

o f  t h e  PDP-10) t o  an a n a l o g  Ampex 440 r e c o r d e r .  A t  BTL 

t h i s  a n a l o g  r e c o r d i n g  was r e v e r s e d  i n  t i m e  and p l a y e d  from 

a n  Ampex 4 4 0  r e c o r d e r  t o  a  second  Ampex 4 4 0  which r e c o r d e d  

t h e  t i m e - r e v e r s e d  s i g n a l .  T h i s  second t a p e  was t h e n  t i m e -  

r e v e r s e d  and p layed  from t h e  Ampex 440 i n  t h e  normal 

fo rward  d i r e c t i o n  i n t o  t h e  a n a l o g - t o - d i g i t a l  i n p u t  o f  t h e  

DDP-224 computer.  T h i s  p rocedure  produced t h e  d i g i t i z e d  

s i g n a l s  which a r e  used  h e r e  f o r  waveform and s p e c t r o g r a p h i c  

d i s p l a y  of  t h e  18 .5  minute p a s s a g e .  

I f  one d e n o t e s  t h e  ampl i tude  and phase  

c h a r a c t e r i s t i c s  of  t h e  r e c o r d  and p l a y  p rocedures  a s  

Are j'r and A e j e p ,  r e s p e c t i v e l y ,  t h e n  t h e  t i m e - r e v e r s i n g  
P 

p r o c e d u r e  produces  a  t o t a l  ampl i tude  and phase  c h a r a c t e r -  

i s t i c  e q u a l  t o  

I n  o t h e r  words ,  t h i s  r e s u l t s  i d e a l l y  i n  z e r o  phase  s h i f t ,  

which t o g e t h e r  w i t h  t h e  r e l a t i v e l y  f l a t  ampl i tude  charac -  

t e r i s t i c  o f  t h e  Ampex 4 4 0  produces  n e g l i g i b l e  d i s t o r t i o n .  

T h a t  t h i s  i s  indeed  t h e  c a s e  can be s e e n  from t h e  waveform 

comparisons shown i n  F i g s .  1 and 2. 



F i g u r e  1: Comparison of  d i g i t i z e d  o r i g i n a l  

t a p e  w i t h  d i g i t i z e d  phase-compensated copy. 

The d a t a  show t h e  e rase -head  o f f  e v e n t  a t  

1110 s e c .  i n  t h e  18 .5  minute  t a p e  (i . e . ,  t h e  end o f  t h e  

buzz  s e c t i o n ) .  

The t o p  t r a c e  i s  t h e  BBN d i g i t i z a t i o n  from 

t h e  o r i g i n a l  e v i d e n c e  t a p e .  The t i m e  s c a l e  i s  0-100 

m i l l i s e c o n d s .  

The bot tom t r a c e  i s  t h e  BTL d i g i t i z a t i o n  o f  

a phase-compensated copy. The t i m e  s c a l e  i s  a l s o  0-100 

m i l l i s e c o n d s .  

The phase-compensated copy i s  made from an 

a n a l o g  o u t p u t  o f  t h e  UU d i g i t i z a t i o n  o f  t h e  o r i g i n a l .  

P o l a r i t y  i n v e r s i o n  o f  t h e  waveform i s  n o t  s i g n i f i c a n t  and 

mere ly  r e f l e c t s  t h e  d i f f e r e n c e  i n  number of  a m p l i f i e r  

s t a g e s  i n  t h e  two d i g i t i z a t i o n s .  

See t e x t  f o r  e x p l a n a t i o n  of t h e  phase-  

compensat ion p r o c e d u r e .  
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FIG. 1 



Figure  2 :  Comparison of  d i g i t i z e d  o r i g i n a l  

t a p e  wi th  d i g i t i z e d  phase-compens a t e d  copy. 

The d a t a  show t h e  record-head on t r a n s i e n t  a t  

155 s e c .  i n  t h e  1 8 . 5  minute t a p e .  

The t o p  t r a c e  i s  t h e  BBN d i g i t i z a t i o n  from 

t h e  o r i g i n a l  evidence t ape .  The t ime s c a l e  i s  0-100 

mi l l i s econds .  

The bottom t r a c e  i s  t h e  BTL d i g i t i z a t i o n  of 

a  phase-compensated copy. The t i m e  s c a l e  i s  a l s o  

0-100 mi l l i s econds .  

The phase-compensated copy i s  made from an 

ana log  ou tpu t  of t h e  UU d i g i t i z a t i o n  of t h e  o r i g i n a l .  

P o l a r i t y  i n v e r s i o n  of t h e  waveform i s  no t  s i g n i f i c a n t  

and merely r e f l e c t s  t h e  d i f f e r e n c e  i n  number of ampli- 

f i e r  s t a g e s  i n  t h e  two d i g i t i z a t i o n s .  

See t e x t  f o r  exp lana t ion  o f  t he  phase- 

compensation procedure.  
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5.  E l e c t r i c a l  S i g n a t u r e s  of  Uher E x h i b i t  60 

The e r a s e d  and buzz-recorded p o r t i o n  o f  t h e  

June  20, 1972 EOB t a p e  (which i s  d e s c r i b e d  a s  o r i g i n a l l y  

recorded  on a  Sony 800B machine runn ing  a t  15/16 i p s )  is 

thought  t o  have p o s s i b l y  been c r e a t e d  by a  s p e c i f i c  

Uher 5000 r e c o r d e r ,  de s igna t ed  Government E x h i b i t  60. I t  

t h e r e f o r e  appeared r e l e v a n t  t o  c a t a l o g  t h e  e l e c t r i c a l  s i g -  

n a t u r e s  of t h i s  machine. They were examined i n  some 

d e t a i l  by r eco rd ing  on new t a p e  i n  t h e  FSC l a b o r a t o r y ,  u s i n g  

v a r i o u s  sequences o f  c o n t r o l  o p e r a t i o n s  and ga in  s e t t i n g s .  

The r e s u l t i n g  t a p e  of  s t a r t - s t o p  c h a r a c t e r i s t i c s  was 

d i g i t i z e d  and e n t e r e d  i n t o  t h e  DDP-224 computer u s ing  a  

Sony 800B (BTL) f o r  p layback.  

T y p i c a l  examples o f  waveforms produced by t h e  

erase-head and record-head t r a n s i e n t s  a r e  shown i n  F ig s .  3 

and 4 .  The r i gh t -hand  column of F i g .  3 shows examples o f  

t h e  e rase -head  o f f .  The t o p  two examples a r e  produced 

w i th  t h e  t a p e  s t a t i o n a r y  and consequent ly  a r e  somewhat 

weaker magne t i za t i ons ,  probably  owing t o  t h e  t a p e  n o t  

be ing  snugly  p u l l e d  a g a i n s t  t h e  e rase -head .  The bottom 

two examples of  e rase -head  o f f  a r e  produced w i t h  t h e  t a p e  

i n  motion and a r e  p l o t t e d  w i t h  t h e  same a m p l i f i c a t i o n .  

They show s t r o n g  magne t i za t i on ,  w i th  t h e  t ape  h e l d  snug ly  

t o  t h e  e rase -head .  The l e f t - h a n d  column of F ig .  3 shows 

examples of  record-head o f f .  T h i s  e v e n t  i s  s l i g h t l y  more 

v a r i a b l e  than  erase-head o f f  and depends somewhat upon t h e  

sequence of  c o n t r o l  o p e r a t i o n s .  

F igu re  4 shows a  s e l e c t e d  assor tment  o f  record-  

head-on waveforms. These t r a n s i e n t s  t y p i c a l l y  a r e  l o n g e r  

i n  d u r a t i o n  t h a n  t h e  record-head o f f  and t y p i c a l l y  a r e  

more v a r i a b l e ,  depending upon t h e  c o n t r o l  o p e r a t i o n s  which 

a c t u a t e  them. 

S e v e r a l  f a c t s  about  t h e  p h y s i c a l  c o n f i g u r a t i o n  

of Uher 5000 E x h i b i t  6 0  a r e  a l s o  r e l e v a n t .  The d i s t a n c e  

between t h e  e r a s e  and r eco rd  heads i s  28.6 mm, cor responding  

t o  1 . 2  s e c .  i n  t i m e  a t  a  t a p e  speed of 15/16 i p s .  The re fo re ,  



i f  t a p e  i s  i n  c o n t a c t  wi th  t h e  record  and e r a s e  heads ,  an 

erase-head-off  waveform is  always p a i r e d  wi th  a record-  

head-off waveform a t  a 1 .2  s e c .  time i n t e r v a l  i n  t h e  e l e c -  

t r i c a l  waveform. 

The e r a s e  head i s  designed wi th  twin a i r  gaps of 

width 3 .0  mm, whi le  t h e  record  head has a s i n g l e  a i r  gap 

of width 2 . 4  mm. A s  a consequence, t r a n s i e n t  magnetiza- 

t i o n s  produced by t h e  e r a s e  head "pro t rude"  from t h e  h a l f -  

t r a c k  width of t h e  record  head and can be seen  i n  d i r e c t  

magnetic development of t h e  t ape .  

F u r t h e r ,  t a p e  on a p roper ly- th readed  Uher 5 0 0 0  

i s  always i n  c o n t a c t  wi th  t h e  e r a s e  head. However, it i s  

brought  i n t o  c o n t a c t  wi th  t h e  record  head only when t h e  

p r e s s u r e  so l eno id  i s  a c t u a t e d  t o  p u t  t h e  t ape  i n t o  motion,  

a no t ab l e  p rope r ty  t h a t  makes t a p e  "cuing" ( o r  pos i -  

t i o n i n g )  r a t h e r  d i f f i c u l t ,  and of some re levance  i n  t h e  

i n t e r p r e t a t i o n  of q u i e t  gaps t o  be mentioned l a t e r . *  

* On t h i s  machine, a s  on most moderate-cost machines,  t h e  
record  head a l s o  s e r v e s  as  t h e  play-back head. 



Figure  3: Typica l  t r a n s i e n t  waveforms 

produced by de-energiz ing t h e  r eco rd ing  and e r a s i n g  

heads on t h e  Uher 5000, E x h i b i t  60. 

The waveforms a r e  computer d i g i t i z a t i o n s  of 

even t s  recorded i n  t h e  FSC l a b o r a t o r y  on a  new t a p e  by 

E x h i b i t  60  wi th  t h e  record  ga in  se t  a t  7 .  The t ime 

s c a l e  f o r  each waveform t r a c e  i s  0-100 msec. 

The r ight-hand column shows f o u r  examples of 

t h e  erase-head-off  waveform. The t o p  two a r e  

recorded wi th  t h e  t a p e  s t a t i o n a r y ,  and t h e  bottom two 

a r e  recorded wi th  t h e  t a p e  i n  motion. The waveform 

c h a r a c t e r i s  t i c s  a r e  r e l a t i v e l y  s t a b l e  and a r e  n o t  

m a t e r i a l l y  in f luenced  by sequence of c o n t r o l  ope ra t ions  

t h a t  e x i t  t h e  record  mode. 

The l e f t -hand  column shows fou r  examples of 

t h e  record-head-off  waveform. Some v a r i a b i l i t y  i n  t h e  

t r a n s i e n t  form i s  e v i d e n t  and i s  a  func t ion  of t h e  

sequence of c o n t r o l  o p e r a t i o n s .  
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Figure 4: Typical transient waveforms produced 

by energizing the recording head on the Uher 5000, 

Exhibit 60. 

The waveforms are computer digitizations of events 

recorded in the FSC laboratory on a new tape by Exhibit 60 

with the record gain set at 7. The time scale for each 

waveform trace is 0-100 msec. 

The data show eight examples of record-head on. 

The transient waveforms vary in shape and are strongly 

conditioned by the sequence of control operations which 

produce them. As the waveforms show, the time required 

for the record-on transient to settle can range up to 

around 90 msec. 

Two traces, the middle two in the right-hand column, 

also show record-head off transients preceding the record- 

head on. These two examples are produced by a stop and 

re-start in place. 
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6 .  D i s t i n c t i v e  Modes of Re-Record 

Because it i s  sugges ted  t h a t  t h e  18 .5  minute 

buzz passage might be t h e  r e s u l t  of e r a s i n g  and 

r e - r eco rd ing  over  a  p rev ious ly- recorded  speech passage,  it 

i s  r e l e v a n t  t o  cons ider  i n  what p a t t e r n s  might such 

r e - r eco rd ing  occur .  

Seve ra l  d i s t i n c t i v e  p o s s i b i l i t i e s  f o r  

re - record ing  (i . e  . , record ing  over  a  previously-recorded 

s i g n a l )  can be  o u t l i n e d .  These cond i t i ons  assume t h a t  t h e  

t ape  i s  p rope r ly  th readed  and i n  c o n t a c t  wi th  t h e  record  

and e r a s e  heads a t  t h e  t imes t h a t  t h e  r eco rd  e l e c t r o n i c s  

a r e  swi tched  on and o f f  ( i  . e .  , record-on and record-of f )  . 
Consider ,  f i r s t ,  t h e  cond i t i on  where an e r a s i n g  

and r e - r eco rd ing  process  i s  i n t e r r u p t e d ,  t h e  t a p e  i s  

r e - p o s i t i o n e d ,  and t h e  e r a s i n g  and r e - r eco rd ing  process  i s  

resumed. Consider fou r  p o s s i b i l i t i e s  : 

Case A :  The t a p e  i s  r e -pos i t i oned  forward by 

l e s s  t han  t h e  record- to-e rase  head spac ing  on the  

r eco rd ing  machine. 

Case B:  The t a p e  i s  r e -pos i t i oned  forward by 

more than the  record- to-e rase  head spac ing .  

Case C :  The t a p e  i s  r e -pos i t i oned  backward by 

l e s s  than t h e  record- to-e rase  head spac ing .  

Case D:  The t a p e  i s  r e -pos i t i oned  backward by 

more than t h e  record- to-e rase  head spac ing .*  

* These cond i t i ons  correspond t o  "over lay  types"  
d i scus sed  i n  Technica l  Note #l. The correspondence 
i n  terminology i s :  

Case A = Type 3 
Case B = Type 4 
Case C = Type 2 
Case D = Type 1 

Note, t o o ,  t h a t  e q u a l i t y  cond i t i ons  (i. e .  , spac ing  fo r -  
ward o r  backward by e x a c t l y  t h e  record- to-e rase  head 
d i s t a n c e )  demark t h e  boundar ies  between Cases A and B and 
between Cases C and D .  A t h i r d  s p e c i a l  cond i t i on  co r r e -  
sponds t o  e x a c t l y  ze ro  displacement  of t h e  t a p e  be fo re  
r e - s t a r t i n g  (i . e . ,  s t opp ing  and r e - s t a r t i n g  i n  p l ace )  . 



I f  a  previously-recorded speech t a p e  were b e i n g  

e ra sed  and re-recorded wi th  buzz, and i f  t h e  p roces s  were 

i n t e r r u p t e d  and then  resumed, t h e  d i s t i n c t i v e  p a t t e r n s  

corresponding t o  Cases A ,  B ,  C and D a r e  diagrammed i n  

F igs .  5 and 6 .  

Secondly,  t h e  p roces s ,  i f  i n  p r o g r e s s ,  must 

f i r s t  have been s t a r t e d .  This  i n i t i a l  s t a r t  a l s o  has  a  

d i s t i n c t i v e  p a t t e r n ,  de s igna t ed  Case S .  And f i n a l l y ,  

t o o ,  t e rmina t ion  of t h e  process  l eaves  a  d i s t i n c t i v e  

p a t t e r n ,  de s igna t ed  Case E .  These two cases  a r e  d i a -  

grammed i n  F ig .  7 .  

A s  w i l l  evolve i n  t h e  subsequent d i s c u s s i o n ,  

waveform a n a l y s i s  of t h e  s u b j e c t  t a p e  sugges t s  t h a t  t h e  

18.5 minute buzz p o r t i o n  con ta ins  t h e  fol lowing p a t t e r n s :  

( a )  One i n s t a n c e  each of Case S  ( a t  0 sec.) 

and Case E ( a t  1109 s e c . ) ,  a s  t h e r e  must be i f  o r i g i n a l  

speech were e r a s e d  and buzz re-recorded.  

(b )  Four c l e a r  i n s t a n c e s  of Case A ,  two w i t h  

r e l a t i v e l y  l a r g e  gaps ,  G ( a t  49 s e c .  and 1 0 4 2  s e c . )  and 

two wi th  r e l a t i v e l y  smal l  gaps ,  G ( a t  6 1 2  s e c .  and 

684 s e c . ) .  

( c )  No i n s t a n c e  of  Case B ,  which would l e a v e  a  

c l e a r  p o r t i o n  of  unerased o r i g i n a l  speech. 

(d )  No c l e a r  i n s t a n c e  of Case C ,  re- 

record ing  a f t e r  backup and ove r l ap  l e s s  than  t h e  record-  

t o  e r a s e  d i s t a n c e .  * 
( e )  And, t h r e e  i n s t a n c e s  of Case D ( a t  155, 

1 0 6 1 ,  and 1065 s e c .  ) , re - record ing  a f t e r  backup and 

ove r l ap  g r e a t e r  t han  t h e  record- to-e rase  d i s t a n c e .  

* A p o s s i b l e  Case C o r  Case D may e x i s t  a t  1 0 4 1  s e c . ,  b u t  
t h i s  i s  no t  c l e a r .  



Figure  5: D i s t i n c t i v e  p a t t e r n s  produced by 

i n t e r r u p t i o n  of a  r e - r eco rd  o p e r a t i o n ,  r e - p o s i t i o n  t h e  

t a p e  forward,  and resume re - record .  

Case A corresponds t o  r e -pos i t i on ing  t h e  t a p e  

forward by a  d i s t a n c e  G which i s  l e s s  than  t h e  record- to-  

erase-head d i s t a n c e ,  d .  

Case B corresponds t o  r e -pos i t i on ing  t h e  t a p e  

forward by a  d i s t a n c e  G which i s  more than  t h e  record- to-  

erase-head d i s t a n c e ,  d .  

For each c a s e ,  a  b racke t ed  p a i r  of diagrams i s  

shown. The t o p  of each p a i r  g ives  t h e  s t a t i o n a r y  t a p e  

p o s i t i o n  b e f o r e  t h e  motion i s  r e - s t a r t e d .  The bottom 

diagram of each p a i r  shows t h e  s i g n a l  cond i t i ons  a f t e r  

t h e  motion i s  r e - s t a r t e d .  
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Figure  6 : D i s t i n c t i v e  p a t t e r n s  produced by 

i n t e r r u p t i o n  of a  r e - r eco rd  o p e r a t i o n ,  r e - p o s i t i o n  t h e  

t a p e  backward, and resume re - record .  

Case C corresponds t o  r e - p o s i t i o n i n g  t h e  t a p e  

backward by a  d i s t a n c e  G which i s  l e s s  than  t h e  record-  

to-erase-head d i s t a n c e ,  d .  

Case D corresponds t o  r e -pos i t i on ing  t h e  t a p e  

backward by a  d i s t a n c e  G which i s  more than  t h e  record-  

to-erase-head d i s t a n c e ,  d .  

For each case ,  a  b racke t ed  p a i r  of diagrams i s  

shown. The t o p  of each p a i r  g ives  t h e  s t a t i o n a r y  t a p e  

p o s i t i o n  be fo re  t h e  motion i s  r e - s t a r t e d .  The bottom 

diagram of each p a i r  shows t h e  s i g n a l  cond i t i ons  a f t e r  

t h e  motion i s  r e - s t a r t e d .  
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Figure  7: D i s t i n c t i v e  p a t t e r n s  produced by 

s t a r t  of re - record  and end of re - record .  

Case S shows c o n d i t i o n s f o r  s t a r t  of a  

re - record  ope ra t ion .  

Case E shows cond i t i ons  f o r  end of a  r e - r eco rd  

ope ra t ion .  
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7. Cons t ruc t ion  of S i q n a l  Event P a t t e r n  f o r  t h e  18.5 

Minute Sec t ion  of t h e  June 20, 1972 Tape 

One o b j e c t i v e  i s  t o  a s c e r t a i n  what sequence o f  

machine a c t i o n s  occur red  i n  t h e  18.5 minute passage.  

Toward t h i s  end,  a u s e f u l  t echnique  i s  t o  beg in  wi th  t h e  

most unequivocal ,  i d e n t i f i a b l e  s i g n a t u r e s  as  anchor 

p o i n t s ,  and t o  u t i l i z e  t h e  known p h y s i c a l  c o n s t r a i n t s  of 

t h e  machine t o  b u i l d  conf idence and r e l i a b i l i t y  i n  

e s t a b l i s h i n g  and a s s e s s i n g  o t h e r  s i g n a t u r e s .  Consider- 

a t i o n s  can be formulated as  fo l lows:  

(1) The most d i s t i n c t i v e  and d e t e c t a b l e  

s i g n a t u r e  (both  e l e c t r i c a l  and magnetic)  i s  t h e  e r a s e -  

head o f f .  Tape on a p rope r ly  t h readed  Uher 5000 machine 

i s  always i n  c o n t a c t  wi th  t h e  e r a s e  head,  and t h e  e r a s e -  

o f f  s i g n a t u r e  i s  p l an t ed  whenever t h e  machine normally 

e x i t s  from t h e  record  mode (i  . e .  , t h e  record  key i s  

r e l e a s e d  o r  "unlocked") . 
( 2 )  The record- to-e rase  head d i s t a n c e  i s  

f i x e d  (28.6 mm on E x h i b i t  60,  corresponding t o  a t i m e  

i n t e r v a l  of  1 . 2  s e c .  a t  15/16 i p s  t a p e  s p e e d ) .  Whenever 

t a p e  i s  i n  con tac t  wi th  t h e  r eco rd  head,  t h e  record-off  

s i g n a t u r e  i s  p l an t ed  a t  t h e  same i n s t a n t  a s  t h e  e r a s e -  

o f f ,  b u t  28.6 mm ( 1 . 2  s e c . )  f u r t h e r  a long t h e  t a p e .  The 

record-head-off s i g n a t u r e  a l s o  i s  f a i r l y  s t a b l e  i n  wave- 

form, and t y p i c a l l y  s h o r t e r  i n  d u r a t i o n  than  t h e  record-  

head on. 

( 3 )  Clear ly  e s t a b l i s h e d  e rase-of  f and record-  

o f f  s i g n a t u r e s  imply a t  l e a s t  one record-on occurrence 

a t  a p o i n t  e a r l i e r ,  f o r  cons i s t ency .  Re-recording with  

h a l t ,  backup (ove r l ap )  and r e - s t a r t  can l e a d  t o  more 

than  one record-on. 

( 4 )  I n i t i a t i o n ,  t e rmina t ion  and i n t e r r u p t i o n  

of  a re - record  l e a d  t o  t h e  cases  desc r ibed  by t h e  d i a -  

grams o f  P igs .  5-7.  Resu l t i ng  cond i t i ons  of  q u i e t  

( e r a s e d )  gaps ,  speech- l ike  remnants,  and buzz-on-buzz 

a r e  exp la ined  by these  diagrams,  a s  a r e  t h e  r e l a t i o n s  



f o r  forward p o s i t i o n i n g  and backward p o s i t i o n i n g  of  t h e  

t ape .  Some of t h e s e  d i s t i n c t i v e  p a t t e r n s  can supply  

s t r o n g  d a t a .  

( 5 )  The i n t e r l o c k i n g  des ign  of t h e  key 

c o n t r o l s  and t h e  sequence i n  which they  a c t u a t e  machine 

swi tches  a l s o  prov ide  cons t r a i n i n g  l o g i c  f o r  a s s e s s i n g  

s i g n a t u r e s .  D e t a i l e d  c i r c u i t  d a t a  f o r  t h e  machine f u r -  

t h e r  permi t s  t e s t i n g  a l t e r n a t i v e  hypotheses concerning 

normal and abnormal ope ra t ion .  

These techniques  can be combined wi th  s e v e r a l  

o t h e r s  ; namely, c r i t i c a l  l i s t e n i n g  of computer exce rp t ed  

passages ,  r epea t ed  and microscopic  viewing of waveforms 

on t h e  computer d i s p l a y  scope and s p e c t r o g r a p h i c  

ana lyses  of c r i t i c a l  s e c t i o n s .  Such e f f o r t  l e a d s  t o  t h e  

p r i n c i p a l  s i g n a l  e v e n t s  shown i n  F ig .  8. 

Each of  t h e s e  s i g n a l  events  w i l l  be  i l l u s -  

t r a t e d  and d i scussed  i n d i v i d u a l l y .  The even t  numbers 

and t h e  event  t i m e s  ( i n  seconds) shown i n  F ig .  8 key t h e  

d i scuss ion  t o  fo l low.  



F i g u r e  8: Diagram o f  p r i n c i p a l  s i g n a l  e v e n t s  

i n  t h e  18.5 minute  p a s s a g e .  

The d iagram i l l u s t r a t e s  t h e  v a r i a t i o n  of 

s i g n a l  c o n d i t i o n  and ampl i tude  w i t h  t i m e .  The e v e n t  

s t r i p  s c h e m a t i z e s  s i g n a l  e v e n t s  which a r e  c o n s i s t e n t  

w i t h  obse rved  waveforms and s p e c t r a .  P r i n c i p a l  

e v e n t s  a r e  i d e n t i f i e d  i n  t e r m s  o f  seconds  from s t a r t  

of  b u z z ,  and a l s o  by e v e n t  number. The e v e n t  nomen- 

c l a t u r e  i s  t h e  same a s  used  i n  F i g s .  5-7 .  

The s i g n a l - c o n d i t i o n  d iagram cor responds  i n  

o u t l i n e  t o  t h a t  g iven  i n  t h e  J a n u a r y  1 5 ,  1 9 7 4  r e p o r t  

o f  t h e  Tape P a n e l .  The c o n t i g u o u s  s i g n a l  segments  

d e s c r i b e d  i n  t h a t  r e p o r t  a r e  shown a t  t h e  bot tom o f  

t h e  f i g u r e .  The e v e n t  s t r i p  of  F i g .  8 does  n o t  i n c l u d e  

a  second ,  p a r t i a l l y - e r a s e d  erase-head-off  e v e n t  a t  684 

s e c .  T h i s  e v e n t  was l o c a t e d  mainly  by magnet ic  develop-  

ment,  r a t h e r  t h a n  by waveform examinat ion .  I t  can  b e  

d e t e c t e d ,  however, i n  t h e  i n s e r t  pho to  of  F i g .  16.  
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8. Waveforms and Corresponding Spect rograms of  S i g n a l  

Events  i n  t h e  June  20,  1972 Tape 

S i g n a l  e v e n t s  d e p i c t e d  i n  F ig .  8 can  conven- 

i e n t l y  b e  examined by time-registered'displays of wave- 

forms and spec t rograms .  To accompl ish  t h i s ,  2 seconds  o f  

computer -excerpted  s i g n a l  i s  d i s p l a y e d  on t h e  computer scope .  

The e x c e r p t e d  passage  i s  a l s o  o u t p u t t e d  from t h e  computer 

th rough  a 6 dB/octave pre-emphasis  network and r e c o r d e d  

on an  Ampex 4 4 0  f o r  s p e c t r o g r a p h i c  a n a l y s i s .  The r e c o r d e d  

e x c e r p t s  a r e  mounted d i r e c t l y  o n t o  a sound s p e c t r o g r a p h  

( V o i c e p r i n t  L a b o r a t o r i e s  C o r p o r a t i o n  S e r i e s  700) . The 

sound s p e c t r o g r a p h  p l o t s  t i m e - f r e q u e n c y - i n t e n s i t y  

a n a l y s e s  o f  t h e  s i g n a l .  The s c o p e  waveform d i s p l a y  can 

b e  p h o t o g r a p h i c a l l y  e n l a r g e d  t o  match t h e  t i m e  s c a l e  o f  

t h e  s p e c t r o g r a m  ( i . e . ,  10 i n c h e s  = 2 seconds )  . Such 

t i m e - r e g i s t e r e d  d i s p l a y s  of  s i g n a l  e v e n t s  1 th rough  1 3  

a r e  shown i n  F i g s .  9 th rough  21,  r e s p e c t i v e l y .  

Each f i g u r e  ( 9  th rough  21) shows t h e  waveform 

and spec t rogram a n a l y s i s  o f  a 2-second p i e c e  o f  s i g n a l  

which i s  e x c e r p t e d  from t h e  computer  d i g i t i z a t i o n .  A 

broad-band spec t rogram o f  t h e  2-second i n t e r v a l  i s  

shown a t  t h e  bot tom of  t h e  f i g u r e .  The broad-band 

s p e c t r o g r a m  i s  produced w i t h  an  a n a l y z i n g  f i l t e r  wid th  

of 300 Hz, and hence p r o v i d e s  good t i m e  r e s o l u t i o n .  A 

narrow-band spec t rogram i s  shown a t  t h e  c e n t e r  of  each  

f i g u r e .  I t  i s  produced w i t h  an a n a l y z i n g  f i l t e r  w i d t h  

o f  45 Hz, and hence g i v e s  good f requency  r e s o l u t i o n .  

The t i m e - r e g i s t e r e d  2-second waveform d i s p l a y  

i s  shown above t h e  s p e c t r o g r a m s .  The waveform t a k e n  

from t h e  computer scope  d i s p l a y s  1000 sample p o i n t s ,  o r  

e v e r y  2 0 t h  sample o f  t h e  s i g n a l  which i s  d i g i t i z e d  a t  

10 KHz. I t  t h e r e f o r e  omi t s  some waveform d e t a i l .  

Immediately above t h e  2-second waveform i s  

an e v e n t  s t r i p  which s c h e m a t i z e s  t h e  s i g n a l  e v e n t s  con- 

s i s t e n t  w i t h  t h e  obse rved  d a t a .  Symbols a r e  t h e  same a s  



used i n  F i g s .  5-7,  w i t h  t h e  a d d i t i o n a l  symbol o f  f o u r  

v e r t i c a l  open c i rc les ,  which r e p r e s e n t s  a  s a l i e n t  c l i c k  

t r a n s i e n t .  

Expanded t i m e - s c a l e  pho tos  o f  t r a n s i e n t  

e v e n t s  a r e  shown a s  i n s e r t s ,  g e n e r a l l y  p o s i t i o n e d  n e a r  

t h e  e v e n t  t h e y  d e p i c t .  The i n s e r t  pho tos  a l s o  p l o t  

1000 samples o f  t h e  waveform, and a r e  e i t h e r  100 m s e c .  

o r  200 msec. i n  t i m e  s c a l e .  

One i m p o r t a n t  p o i n t  a b o u t  t h e  computer wave- 

form d i s p l a y  must b e  emphasized.  The computer scope  and 

hard-copy d e v i c e  can  d i s p l a y  on ly  1000 sample p o i n t s  o f  

t h e  t i m e  waveform. Hence, f o r  1 0  K H z  sampl ing ,  t h e  2-  

seconds  of  t i m e - r e g i s t e r e d  waveform d i s p l a y s  o n l y  e v e r y  

20th  sample of  t h e  waveform. The 2-second waveform 

d i s p l a y  c o n s e q u e n t l y  undersamples t h e  s i g n a l ,  and b r i e f  

and f i n e  d e t a i l  may n o t  be  preserved.* The t ime- 

r e g i s t e r e d  waveform i s  v a l u a b l e ,  however,  f o r  showing 

t h e  t i m i n g  of  e v e n t s  and t h e i r  r e l a t i v e  d u r a t i o n s .  

To o f f s e t  t h e  l o s s  o f  d e t a i l  i n  t h e  t i m e -  

r e g i s t e r e d  2-second waveforms, t h e  i n s e r t  pho tographs  

a r e  added. They show en la rgements  of  s i g n i f i c a n t  wave- 

form p o r t i o n s .  The expanded i n s e r t s  a r e  shown e i t h e r  on 

a  0-100 m i l l i s e c o n d  t ime  s c a l e  (which p l o t s  e v e r y  sample 

o f  t h e  1 0  K H z  sampl ing  and a c c u r a t e l y  r e f l e c t s  f r equency  

components up t o  5 K H z )  o r  else on a  0-200 m i l l i s e c o n d  

t i m e  s c a l e  (which p l o t s  e v e r y  o t h e r  sample and hence  

a c c u r a t e l y  r e f l e c t s  f r equency  components up t o  2.5 K H z ) .  

The t ime s c a l e  of  each i n s e r t  i s  d i s p l a y e d  by t h e  m s  - 
number on t h e  pho to .  

F i g u r e s  9 th rough  2 1  show t h e  d a t a  f o r  t h e  

e v e n t s  l a b e l l e d  1 th rough  1 3  i n  F i g .  8. ~ l l  d a t a  a r e  

d e r i v e d  from d i g i t i z a t i o n  of  t h e  phase-compensated 

UU-Ampex 4 4 0  copy i n  accordance  w i t h  t h e  t e c h n i q u e s  de- 

s c r i b e d  i n  S e c t i o n  4 .  

* 
Note t h i s  p o i n t  e s p e c i a l l y  when comparing waveforms 
between T e c h n i c a l  Notes 2 and 3. 



Event  symbols used  i n  F i g s .  9-21 a r e :  

RECORD-HEAD ON 

RECORD-HEAD OFF 

ERASE -HEAD OFF 

CLICK TRANSIENT 

I 
I 
I 

LEVEL CHANGE 

SPEECH 

v//h OLD BUZZ 

F i g u r e  9 :  Event  ( I ) ,  -3 Seconds:  The e v e n t  

a t  -3  sec. i s  a  s i n g l e  e r a s e - h e a d  o f f  p l a n t e d  o n t o  

r e c o r d e d  speech .  The spec t rograms  show t h e  p o s i t i o n  of  

t h e  e r a s e - h e a d  o f f  (which produces  a  n o t i c e a b l e  gap i n  

t h e  s p e c t r o g r a m s )  , and t h e y  a l s o  r e f l e c t  t h e  n o i s y ,  

r e v e r b e r a n t  c h a r a c t e r i s t i c s  o f  t h e  speech r e c o r d i n g .  

The waveforms ( b o t h  t i m e - r e g i s t e r e d  and expanded) 

r e f l e c t  t h e  c h a r a c t e r i s t i c  shape  of t h e  e r a s e - o f f  wave- 

form superposed  on t h e  p r e v i o u s l y - r e c o r d e d  speech .  

A p o s s i b l e  o r i g i n  o f  t h i s  e v e n t  i s  t h e  

f o l l o w i n g  sequence  of o p e r a t i o n s .  The t a p e  i s  p o s i -  

t i o n e d  f o r  s t a r t  of  r e - r e c o r d .  The r e c o r d  key i s  pushed 

down, l o c k e d ,  b u t  n o t  h e l d .  The s t a r t  key i s  t h e n  --- 
pushed. T h i s  a c t i o n  r e l e a s e s  t h e  r e c o r d  key and a l l o w s  

it t o  pop up ,  s u p e r p o s i n g  t h e  e r a s e - o f f  t r a n s i e n t  o n t o  

t h e  p r e v i o u s l y - r e c o r d e d  s p e e c h .  The p r e s s u r e  s o l e n o i d  

c a r r i e s  t h e  t a p e  t o  t h e  (now d e - e n e r g i z e d )  r e c o r d  h e a d ,  

and t a p e  motion s t a r t s .  The s t a r t  ( b u t  w i t h o u t  

r e c o r d i n g )  i s  t h e n  t e r m i n a t e d  a b o u t  3  s e e .  a f t e r w a r d ,  

normal ly  by t h e  s t o p  key.  A l t e r n a t i v e l y ,  any e q u i v a l e n t  

sequence  which r e l e a s e s  t h e  r e c o r d  key p r i o r  t o  t a p e  

motion would a l s o  superpose  t h e  e r a s e - o f f  p u l s e  o n t o  t h e  

r e c o r d e d  speech .  
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Figure 10: Event ( 2 ) ,  0 Seconds: The event 

at 0 sec. shows a record-head on, followed by over- 

written speech equal in duration to the record-to-erase 

head transit time.* Notice the clear speech-like char- 

acteristic of the overwritten (but not erased) signal 

remnant. The record-head on transient marks the begin- 

ning of the 18.5 minute buzz section. This is the case 

of start re-recording and explained diagramatically in 

the discussion of distinctive modes of re-record (Case S 

in Fig. 7) .**  

* In all the spectrogram figures, critical time intervals 
are marked in seconds to two decimal places. These 
values may differ in the second decimal place from 
corresponding values determined elsewhere. The differ- 
ences reflect the precision to which the spectrograms 
can be read and the accumulated speed differences in 
the tape-copying operations. Typically the interval 
differences may be of the order of 0.02 sec or less. 

** A click transient may also be present in the complex 
at 0 sec., following close after the record on. 
This click transient may be associated with the sub- 
keyboard switch called K-1, an issue which will be 
mentioned again shortly. 





F i g u r e  11: Event  ( 3 )  , 46 Seconds:  The e v e n t  

a t  4 6  sec. a p p a r e n t l y  cor responds  t o  an  a b r u p t  d rop  i n  

t h e  r e - r e c o r d e d  buzz l e v e l .  
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Fiqure  1 2 :  Event ( 4 ) ,  49  Seconds: The event  

a t  49  s e c .  corresponds appa ren t ly  t o  an i n t e r r u p t  

r e - r eco rd ,  p o s i t i o n  forward and resume re - record  ( s e e  

Case A i n  F ig .  5 ) .  The o p e r a t i o n s  a r e  c h a r a c t e r i z e d  by 

a  record-head off, a  record-head on (produced i n  t h i s  

case  0.29 s e c .  l a t e r )  and an o v e r w r i t t e n  erase-head o f f ,  

fo l lowed by an ove rwr i t t en  speech- l ike  remnant equa l  t o  

t h e  gap d u r a t i o n ,  G = 0.29 s e c .  ( s e e  t h e  d i scuss ion  of 

d i s t i n c t i v e  modes of  re - record  and F ig .  5 f o r  a  sequence 

of  o p e r a t i o n s )  . The du ra t ion  G = 0.29 sec .  appears  

c o n s i s t e n t  w i th  human r e a c t i o n  t ime i n  r e p l a y i n g  t h e  

recorded buzz and,  by l i s t e n i n g ,  s topp ing  t h e  machine 

j u s t  as t h e  buzz s i g n a l  ends .  (Addi t iona l  d i s cus s ion  o f  

t h i s  p o i n t  i s  given i n  Sec t ion  9 ,  Laboratory S imula t ions . )  

The forward p o s i t i o n i n g  a l s o  appears  c o n s i s t e n t  w i th  a 

s t a r t - r e c o r d  ope ra t ion  i n  which t h e  s t a r t  key i s  p re s sed  

and h e l d  and t h e  t a p e  al lowed t o  advance some d i s t a n c e  

be fo re  t h e  r e c o r d  key i s  p re s sed  t o  commence record ing .  
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F i g u r e  13:  Event  ( 5 )  , 155 Seconds: The e v e n t  

a t  155 sec. seems c o n s i s t e n t  w i t h  an i n t e r r u p t  r e - r e c o r d ,  

o v e r l a p  backward by more t h a n  t h e  r e c o r d - t o - e r a s e  head 

s p a c e ,  and a resume r e - r e c o r d  s o  t h a t  buzz-on-buzz i s  

produced (see Case D i n  F i g .  6 ) .  The d iagram c o n s e q u e n t l y  

shows a record-head on f o l l o w e d  by buzz-on-buzz f o r  a 

d u r a t i o n  o f  1.22 s e c .  A s  can b e  t h e  c a s e ,  t h e  hypothe-  

s i z e d  buzz-on-buzz a p p e a r s  q u i t e  s u b t l e ,  b u t  may be  

d i s c e r n i b l e  i n  t h e  low-frequency components of t h e  

spec t rograms .  

Also  shown a t  a d u r a t i o n  H = 0.72 s e c .  f o l l o w i n g  

t h e  record-head on i s  a c l i c k  t r a n s i e n t  which may b e  con- 

s i s t e n t  w i t h  r e l e a s e  o f  a sub-keyboard s w i t c h  on t h e  Uher 

5000, c a l l e d  t h e  K - 1  s w i t c h .  (The t i m e  a t  which t h i s  

c l i c k  a p p e a r s  seems s t r o n g l y  c o n d i t i o n e d  by how r a p i d l y  

one removes p r e s s u r e  from t h e  keyboard .  I f  t h e  c o n t r o l  

keys a r e  r a p i d l y  "bottomed" and r e l e a s e d ,  t h e  s w i t c h  p u l s e  

can r a p i d l y  f o l l o w  t h e  record-on p u l s e  and be  "masked" by 

it .  I f  t h e  keys  a r e  n o t  "bo t tomed ,"  t h e  c l i c k  a p p a r e n t l y  

may n o t  a p p e a r  a t  a l l . )  Note e s p e c i a l l y  t h e  change i n  

i n t e n s i t y  o f  s e v e r a l  buzz-harmonic f requency  l i n e s  a t  t h e  

t i m e  t h e  c l i c k  t r a n s i e n t  o c c u r s .  I n  t h i s  i n s t a n c e ,  t h e  

c l i c k  t r a n s i e n t  i s  r e l a t i v e l y  low i n  ampl i tude  and it i s  

n o t  w e l l  conf i rmed a s  a K - 1  p u l s e .  I t  consequen t ly  i s  

n o t  shown i n  Tab le  3 . 1  and F i g .  3 . 2  o f  Chapter  111. 

An a l t e r n a t i v e  c a n d i d a t e  f o r  t h i s  e v e n t  might  

be an  i n t e r r u p t  r e - r e c o r d ,  w i t h  a r e - p o s i t i o n  backward by 

less t h a n  t h e  r e c o r d - t o - e r a s e  d i s t a n c e .  I n  t h i s  c a s e ,  

t h e  c l i c k  t r a n s i e n t  a t  H = 0 . 7 2  sec. s h o u l d  cor respond  t o  

an o v e r w r i t t e n  r e c o r d  o f f ,  a s  d i s c u s s e d  i n  t h e  d i s t i n c -  

t i v e  modes o f  r e - r e c o r d .  However, from t h e  l a b o r a t o r y  

s i m u l a t i o n s  w i t h  t h e  Uher machine (see S e c t i o n  9 )  t h i s  

n o t i o n  f i t s  less w e l l  t h a n  does  t h e  K - 1  s w i t c h  h y p o t h e s i s .  
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Figure 14: Event (6), 275 Seconds: The 

event at 275 sec. is a pronounced reduction in level 

with a noticeable transient pulse. At the junction, 

the transient click is a possible candidate for record-on 

but related measurements of phase and speed continuity 

make this possibility unlikely. 
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F i g u r e  15 : Event  ( 7 )  , 612 Seconds:  The 

e v e n t  a t  612 s e c .  a p p e a r s  t o  b e  an i n t e r r u p t  r e - r e c o r d  

and r e - s t a r t  i n  p l a c e .  T h i s  r e s u l t s  i n  a  forward-  

s p a c e d  gap t h a t  i s  v e r y  b r i e f  ( i n  t h i s  i n s t a n c e  G = 

0 . 0 4  s e c . ,  Case A ) .  The amount of forward  s p a c i n g  i s  

c o n d i t i o n e d  by f a c t o r s  such a s  t h e  i n e r t i a  of  t h e  t a p e  

d r i v e ,  t h e  t e n s i o n  o f  t h e  t a p e ,  t h e  t i m e  c o n s t a n t s  o f  

t h e  e l e c t r o n i c  and mechanica l  components,  and t h e  

sequence  of  c o n t r o l  o p e r a t i o n s .  

I n  t h i s  i n s t a n c e  t h e  forward  s p a c i n g  i s  s o  

s h o r t  t h a t  t h e  e rase -head-of f  p u l s e  i s  p a r t i a l l y  e r a s e d  

upon r e - s t a r t i n g .  No s i g n i f i c a n t  s i g n a l  remnant t h e r e -  

f o r e  f o l l o w s  t h e  e rase -head-of f  p u l s e .  Also  a p p e a r i n g  

i n  t h e  diagrams i s  a  c l i c k  t r a n s i e n t  a t  H = 0 . 5 0  s e c .  

f o l l o w i n g  t h e  r e c o r d  o n ,  which appears  c o n s i s t e n t  w i t h  

h y p o t h e s i z e d  o p e r a t i o n  of t h e  K - 1  s w i t c h .  
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F i g u r e  16:  Event  ( 8 )  , 684 Seconds:  The 

e v e n t  a t  684 s e c .  co r responds  t o  an  i n t e r r u p t  r e - r e c o r d  

and r e - s t a r t  i n  p l a c e .  T h i s  l e a d s  t o  a ve ry  b r i e f  f o r -  

ward p o s i t i o n i n g  o f  t h e  t a p e  a s  d e s c r i b e d  i n  t h e  p r e -  

c e d i n g  e v e n t ,  7 .  I n  t h e  p r e s e n t  c a s e ,  however, t h e  

fo rward  s p a c i n g  i s  s l i g h t l y  g r e a t e r  (G = 0.06 s e c ,  , 
Case A ) .  The record-head-off  p u l s e  i s ,  t h e r e f o r e ,  

fo l lowed  immedia te ly  by record-head  o n ,  and t h e  over-  

w r i t t e n  ( b u t  n o t  e r a s e d )  e rase -head-of f  p u l s e  a p p e a r s  a t  

t h e  i n t e r v a l  1.22 s e c .  from t h e  r e c o r d  o f f .  I n  t h i s  

c a s e ,  t h e  gap G i s  long  enough t o  see a n o t i c e a b l e  

amount of o v e r w r i t t e n ,  b u t  n o t  e r a s e d ,  s i g n a l  remnant 

immedia te ly  f o l l o w i n g  t h e  e r a s e - h e a d  o f f . *  A c l i c k  

t r a n s i e n t  appears  a t  H = 0 . 1 1  s e c .  T h i s  p a r t i c u l a r  

t r a n s i e n t  a p p e a r s  d i f f e r e n t  i n  waveform from o t h e r s  

which s e e m  c o r r e l a t e d  w i t h  K - 1  s w i t c h  a c t i v i t y .  

* T h i s  s i g n a l  remnant ,  a s  d e t e r m i n e d  by magnet ic  develop-  

ment and a s  d e s c r i b e d  i n  t h e  c a p t i o n  t o  F i g .  8 ,  i n c l u d e s  

a p a r t i a l l y - e r a s e d  erase-head-off  p u l s e .  
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F i g u r e  1 7 :  Event  ( 9 )  , 10 4 1  Seconds : The 

e v e n t  a t  1041 s e c .  a p p e a r s  t o  b e  an  i n t e r r u p t  r e - r e c o r d  

w i t h  p o s s i b l y  a  backup t h a t  would l e a d  t o  buzz-on-buzz. 

However, t h e  new l e v e l  o f  s i g n a l  i s  ve ry  low and i n t e r -  

f e r i n g  p a t t e r n s  t y p i f y i n g  buzz-on-buzz canno t  be w e l l  

i d e n t i f i e d .  Fur the rmore ,  t h e  r e - r e c o r d  i s  t e r m i n a t e d  i n  

abou t  1 s e c .  by a  r e c o r d o f f  and a forward  s p a c i n g  of  

G = 0 .55  s e c . ,  and t h e n  a r e c o r d  on t o  resume r e - r e c o r d  

( n o t e :  t h e  spec t rograms  o f  F i g .  17  o v e r l a p  i n  t i m e  
* 

t h o s e  f o r  t h e  f o l l o w i n g  e v e n t ,  F i g .  18)  . 

* Note t h e  conven t ion  chosen f o r  r e p r e s e n t i n g  o l d  and new 
buzz i n  t h e s e  o v e r l a p p i n g  f i g u r e s .  To emphasize t h e  
r e l e v a n t  p o i n t s  i n  each  f i g u r e ,  new buzz i s  shown a f t e r  
t h e  f i r s t  record-on p u l s e  i n  F i g .  17 and o l d  buzz a f t e r  
t h e  second record-on.  These r o l e s  a r e  r e v e r s e d  i n  F i g .  1 8 ,  
t o  show new buzz f o l l o w i n g  t h e  record-on.  
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F i g u r e  18:  Even t  ( l o ) ,  1042 Seconds: The 

e v e n t  a t  1 0 4 2  s e c .  d e p i c t s  an i n t e r r u p t  r e - r e c o r d ,  

r e - p o s i t i o n  forward  by G = 0.55 s e c .  ( c o n s i s t e n t  w i t h  

human r e a c t i o n  t i m e  i n  l i s t e n i n g  f o r  t h e  end  of a  

r e - r e c o r d e d  buzz and immedia te ly  s t o p p i n g  t h e  m a c h i n e ) ,  

and a  resume r e - r e c o r d  (Case A )  . The gap of  0.55 s e c .  

l e a v e s  an  a p p r e c i a b l e  o v e r w r i t t e n  s p e e c h - l i k e  remnant 

immedia te ly  f o l l o w i n g  t h e  o v e r w r i t t e n  e rase -head-of f  

p u l s e ,  a s  i s  c o n s i s t e n t  w i t h  t h e  d i s c u s s i o n  of  d i s t i n c -  

t i v e  modes of  r e - r e c o r d .  The p a t t e r n  i s  a l s o  c o n s i s -  

t e n t  w i t h  l a b o r a t o r y  s i m u l a t i o n s  of t h e  e f f e c t  (see 

S e c t i o n  9 )  . 
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Figure  1 9 :  Event (11) , 1 0 6 1  Seconds: The 

e v e n t  a t  1 0 6 1  s e c .  i s  c o n s i s t e n t  wi th  an i n t e r r u p t  

r e - r eco rd ,  a backup of more than  the  record- to-e rase  

d i s t a n c e  and a resume r e - r eco rd ,  l eav ing  an i n t e r v a l  of  

buzz-on-buzz of 1 . 2 2  s e c .  fo l lowing  t h e  record-head on 

(Case D) . 





Figure  2 0 :  Event ( 1 2 )  , 1065 Seconds: The 

even t  a t  1065 s e c .  appears  t o  be an i n t e r r u p t  r e - r eco rd ,  

w i th  a backup g r e a t e r  than t h e  record- to-e rase  d i s t a n c e  

and a resume r e - r eco rd  which l eaves  buzz-on-buzz f o r  

1.22 sec .  (Case D ) .  Also appear ing  i n  t h i s  even t  i s  a 

c l i c k  t r a n s i e n t  fo l lowing  t h e  record-head on ( a t  13 = 

0.25 sec .  ) which appears  c o n s i s t e n t  wi th  keyboard- 

a c t u a t e d  K-1 swi tch  a c t i v i t y  i n  t h e  Uher 5000. 
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Figure  2 1 :  Event (13)  , 1 1 0 9  Seconds: The 

even t  a t  1 1 0 9  s e c .  i s  a c l e a r  case  of end r e - r eco rd  

(Case E), showing t h e  record-head o f f  fol lowed a t  an 

i n t e r v a l  of  1 . 2 2  s e c .  by t h e  erase-head o f f  which i s  

n e i t h e r  ove rwr i t t en  nor  e r a s e d ,  fol lowed by t h e  

o r i g i n a l l y - r e c o r d e d  speech s i g n a l .  
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9 .  Labora to ry  S i m u l a t i o n s  o f  E l e c t r i c a l  Events  

Even t s  r e f l e c t e d  i n  t h e  waveform and 

s p e c t r o g r a p h i c  a n a l y s e s  o f  F i g s .  9 th rough  2 1  w e r e  

s i m u l a t e d  i n  t h e  l a b o r a t o r y  by making t e s t  r e c o r d i n g s  

on t h r e e  d i f f e r e n t  machines.  The t h r e e  machines w e r e :  

1. Uher 5000, Government E x h i b i t  60 

2. Sony 800B, BTL p r o p e r t y  

3.  Uher 5000, Haskins L a b o r a t o r i e s  p r o p e r t y .  

A l l  t e s t  r e c o r d i n g s  were made a t  t h e  15/16 i p s  

speed  s e t t i n g  o f  t h e  r e c o r d e r s ,  c o n s i s t e n t  w i t h  t h e  18 .5  

minute t a p e .  Both sets  o f  Uher r e c o r d i n g s  w e r e  made a t  

t h e  FSC l a b o r a t o r y  and t h e  Sony 800B t e s t  r e c o r d i n g s  

were made a t  BTL. The r e c o r d i n g s  were p l a y e d  back from 

t h e  Sony 800B ( c o n s i s t e n t  w i t h  d i g i t i z a t i o n s  made d i r -  

e c t l y  from t h e  o r i g i n a l  ev idence  t a p e )  and t h e  e lec t r i -  

c a l  s i g n a l  was d i g i t i z e d  by t h e  DDP-224 computer ,  a s  

d e s c r i b e d  p r e v i o u s l y .  A f t e r  computer d i g i t i z a t i o n ,  

waveform and s p e c t r o g r a m  a n a l y s e s  w e r e  made o f  t h e  

l a b o r a t o r y  s i m u l a t i o n s .  These d a t a  a r e  d i s p l a y e d  i n  t h e  

same form a s  u s e d  f o r  t h e  18 .5  minute t a p e .  

L a b o r a t o r y  s i m u l a t i o n  c o n s t i t u t e s  an a n a l y s i s  

t o o l  f o r  s t u d y i n g  g r o s s  f e a t u r e s  of t h e  p r i n c i p a l  s i g n a l  

e v e n t s .  I n  g e n e r a l ,  t h e  s i m u l a t i o n s  do n o t  r e p l i c a t e  a l l  

f i n e  d e t a i l s  of  t h e  e v e n t s  b u t ,  r a t h e r ,  p r o v i d e  o v e r a l l  

a n a l o g i e s  t o  t h e  e v e n t s .  

S i m u l a t i o n s  w i t h  IJher Government E x h i b i t  6 0  

Uher E x h i b i t  6 0  was used t o  s i m u l a t e  s e v e r a l  

d i s t i n c t i v e  modes o f  r e - r e c o r d .  Speech was f i r s t  

r e c o r d e d  o n t o  a  new t a p e  a t  FSC, u s i n g  a  microphone i n  

a  r e v e r b e r a n t  l a b o r a t o r y  room. A p ick-up c o n n e c t i o n  

was t h e n  a r r a n g e d  t o  produce a  buzz s i g n a l  t o  b e  used i n  

s i m u l a t i n g  t h e  c o n d i t i o n s  of  e r a s i n g  and r e - r e c o r d i n g  

o v e r  p o r t i o n s  o f  t h e  p r e v i o u s  l y - r e c o r d e d  s p e e c h .  The 

c o n d i t i o n s  s i m u l a t e d  a r e  i l l u s t r a t e d  i n  F i g s .  22 

through 27. 



F i g u r e  2 2 :  F i g u r e  2 2  s i m u l a t e s  an 

u n s u c c e s s f u l  r e - r e c o r d  s t a r t  a t  a  p o i n t  i n  t h e  speech  

r e c o r d i n g .  The t a p e  i s  p o s i t i o n e d  f o r  e r a s i n g  and 

r e - r e c o r d i n g  o v e r  t h e  p r e v i o u s l y - r e c o r d e d  speech.  The 

r e c o r d  b u t t o n  i s  f i r s t  pushed ( b u t  i s  n o t  h e l d  

down ) and t h e n  t h e  s t a r t  b u t t o n  i s  pushed which 

un locks  t h e  r e c o r d  b u t t o n ,  l e t t i n g  it pop up and super -  

p o s i n g  an  e r a s e - o f f  p u l s e  o n t o  t h e  speech s i g n a l .  The 

t a p e  i s  t h e n  c a r r i e d  i n t o  c o n t a c t  w i t h  t h e  (now 

de-energ ized)  r e c o r d  head and t a p e  motion p r o c e e d s .  

Th i s  r e s u l t  s h o u l d  b e  compared w i t h  t h e  e r a s e - h e a d  o f f  

e v e n t  a t  - 3  s e c .  i n  t h e  1 8 . 5  minute  t a p e  (see F i g .  9 )  . 
N o t i c e  t h a t  t h e  r e l a t i v e  i n t e n s i t y  o f  t h e  speech  s i g n a l  

i n  t h e  s i m u l a t i o n  i s  somewhat s t r o n g e r  t h a n  i n  t h e  

18 .5  minute  p a s s a g e .  
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Figu re  23: E x h i b i t  6 0  was used t o  s i m u l a t e  

t h e  c o n d i t i o n  of s t a r t  r e - r e c o r d  (Case S )  u s i n g  a 

r e l a t i v e l y  i n t e n s e  l a b o r a t o r y  produced buzz s i g n a l  t o  

o v e r w r i t e  t h e  p r ev ious  l y - r eco rded  speech.  The f i g u r e  

shows t h e  c h a r a c t e r i s t i c  1.22 sec. o f  o v e r w r i t t e n  ( b u t  

n o t  e r a s e d )  speech remnant  r e s u l t i n g  from t h e  s t a r t  

r e - r eco rd .  Compare t h i s  r e s u l t  t o  t h e  e v e n t  a t  0 s e c .  

i n  t h e  18.5 minute t a p e .  
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Figure  24: E x h i b i t  60 was used i n  t h e  

l a b o r a t o r y  t o  s imu la t e  t h e  end-record cond i t i on  ( c a s e  E )  . 
The f i g u r e  shows t h e  c h a r a c t e r i s t i c  1 . 2 2  s e c .  spac ing ,  

t h e  c l e a r  erase-head-off  p u l s e  and t h e  fo l lowing  speech.  

Compare t h i s  s imu la t ion  t o  t h e  even t  a t  1 1 0 9  s e c .  i n  t h e  

1 8 . 5  minute t a p e .  
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F i g u r e  2 5 :  S t i l l  u s i n g  a  l a b o r a t o r y  buzz 

s i g n a l ,  b u t  a t  a  somewhat r educed  i n t e n s i t y ,  E x h i b i t  60 

was used t o  s i m u l a t e  i n t e r r u p t  r e - r e c o r d ,  r e - p o s i t i o n  

forward  by less t h a n  t h e  r e c o r d - t o - e r a s e  head d i s t a n c e  

( G  = 0.34 s e c .  i n  t h i s  c a s e )  , and resume r e - r e c o r d  

(Case A ) .  T h i s  p r o c e s s  l e a v e s  a  c l e a n  gap o f  G ,  and a  

speech  remnant e q u a l  i n  d u r a t i o n  t o  G f o l l o w i n g  t h e  

o v e r w r i t t e n  erase-head-of  f  p u l s e .  Compare t h i s  simu- 

l a t i o n  t o  t h e  e v e n t s  a t  49, 612,  684 and 1042 sec. i n  

t h e  18 .5  minute t a p e .  N o t i c e ,  t o o ,  t h a t  a  c l i c k  t r a n s -  

i e n t  c o n s i s t e n t  w i t h  K - 1  s w i t c h  a c t i v i t y  i s  e v i d e n t  i n  

t h e  s i m u l a t i o n .  A l s o ,  t h e  r e l a t i v e  i n t e n s i t i e s  of  some 

buzz-harmonic l i n e s  change n o t i c e a b l y  a t  t h e  t ime  o f  

t h e  c l i c k  t r a n s i e n t .  
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F i g u r e  26: Uher 60 was used t o  s i m u l a t e  

i n t e r r u p t  r e - r e c o r d ,  back s p a c e  by more t h a n  t h e  r e c o r d -  

t o - e r a s e  d i s t a n c e ,  and resume r e - r e c o r d  (Case D )  . 
F i g u r e  26,  made w i t h  modera te  i n t e n s i t y  s i g n a l ,  shows 

buzz r e c o r d e d  on b u z z ,  p roduc ing  a  s u b t l y  i n t e r f e r i n g  

p a t t e r n  f o r  t h e  d u r a t i o n  1.22 s e c .  The f i g u r e  a l s o  

shows a  p u l s e  a p p a r e n t l y  a s s o c i a t e d  w i t h  r e l e a s e  o f  t h e  

K - 1  s w i t c h  a t  H = 0.12 sec. Note t h e  change i n  t h e  

i n t e n s i t y  o f  some s p e c t r a l  components o f  t h e  buzz a t  

t h i s  p o i n t .  Compare t h i s  s i m u l a t i o n  t o  t h e  e v e n t s  a t  

155,  1061 and 1065 s e c .  i n  t h e  18 .5  minute t a p e .  





Figu re  2 7 :  Uher 6 0  ( u s i n g  t h e  more i n t e n s e  

l a b o r a t o r y  buzz s i g n a l )  was used t o  s i m u l a t e  i n t e r r u p t  

r e - r eco rd ,  r e - p o s i t i o n  backward by less t h a n  t h e  record-  

to-erase-head d i s t a n c e ,  and resume r e - r e c o r d  (Case C )  , 
producing buzz-on-buzz f o l l o w i n g  a record-on p u l s e  and 

f o r  a d u r a t i o n  less t h a n  t h e  r eco rd - to - e r a se  s p a c i n g  

( G  = 0.55 s e c .  i n  t h i s  i n s t a n c e ) .  Note t h a t  t h e  over-  

w r i t t e n  record-of  f p u l s e  i s  n o t  d i s c e r n i b l e ,  which 

s t r e n g t h e n s  t h e  i n t e r p r e t a t i o n  f a v o r i n g  K - 1  s w i t c h  

a c t i v i t y  i n  t h e  e v e n t  a t  155 s e c .  i n  t h e  18.5 minute 

passage .  
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9 ( b )  Labora to ry  - S i m u l a t i o n s  w i t h  t h e  Sony 800B 

A Sony 800B r e c o r d e r  (BTL) was used  i n  t h e  

l a b o r a t o r y  t o  t es t  s e v e r a l  c o n d i t i o n s  of  r e - r e c o r d .  

Tape w i t h  p r e v i o u s l y - r e c o r d e d  speech  was o v e r - r e c o r d e d  

a t  t h e  15/16 i p s  s p e e d  s e t t i n g ,  u s i n g  a 500 H z  t o n e  t o  

s i m u l a t e  a  r e - r e c o r d e d  buzz s i g n a l .  

F i g u r e  2 8 :  The c o n d i t i o n  o f  i n i t i a t e  

r e - r e c o r d ,  u s i n g  t h e  Sony 800B, i s  i l l u s t r a t e d  i n  t h e  

f i g u r e  (Case S )  . Note t h e  1 . 0  s e c .  of  o v e r w r i t t e n  b u t  

unerased  s p e e c h .  T h i s  1 . 0  i n t e r v a l  i s  c h a r a c t e r i s t i c  

o f  t h e  800B r e c o r d - t o - e r a s e  head d i s t a n c e  and i s  less 

t h a n  t h e  Uher 5000. Also  n o t e  t h e  speed  f l u c t u a t i o n  of  

t h e  t a p e  t r a n s p o r t  i n  coming up t o  speed  when a c t u a t e d  

from t h e  keyboard .  T h i s ,  t o o ,  i s  d i s t i n c t i v e  i n  corn- 

p a r i s o n  t o  t h e  Uher 5000 .* 

* The record-on p u l s e  f o r  t h e  Sony a p p e a r s  r e l a t i v e l y  b r i e f  
and low i n  a m p l i t u d e .  The r e c o r d - o f f  p u l s e  and t h e  
e r a s e - o f f  p u l s e  a r e  l a r g e r  i n  ampl i tude  and a r e  shown 
i n  expanded form i n  F ig .  30. 



I 1 . 0  S E C ~  

TIME IN SECONDS 

2 

FIG. 



F i g u r e  2 9 :  The Sony 800B was used t o  s i m u l a t e  

t h e  c o n d i t i o n  o f  i n t e r r u p t  r e - r e c o r d ,  p o s i t i o n  forward  

by less t h a n  t h e  r e c o r d - t o - e r a s e  d i s t a n c e  ( G  = 0.55 s e c .  

i n  t h i s  i n s t a n c e )  and resume r e - r e c o r d  (Case A ) .  The 

r e - r e c o r d i n g  w i t h  t h e  500 H z  t o n e  produces  an o v e r w r i t t e n  

speech  remnant e q u a l  i n  d u r a t i o n  t o  G f o l l o w i n g  t h e  over-  

w r i t t e n  e rase -head  o f f - p u l s e .  



1.0 s EC-+G= 0.5 5 
~=0.55-b-1.0 SEC 

TIME IN SECONDS FIG. 29 



F i g u r e  30: The Sony 800B was used  t o  s i m u l a t e  

t e r m i n a t i o n  of  r e - r e c o r d ,  s t i l l  u s i n g  t h e  500 H z  t o n e  t o  

over - record  a p r e v i o u s  speech s i g n a l  (Case E )  . The 

f i g u r e  r e f l e c t s  t h e  1 .0  s e c .  i n t e r v a l  c o r r e s p o n d i n g  t o  

r ecord- to -e rase -head  d i s t a n c e  f o r  t h e  Sony 800B, and t h e  

c l e a r  e rase -head-of f  p u l s e  fo l lowed  by t h e  o r i g i n a l  

speech .  Note ,  t o o ,  t h e  c h a r a c t e r  o f  t h e  Sony 800B 

e rase -head  o f f  p u l s e ,  and i t s  d i s t i n c t i v e  d i f f e r e n c e  

from t h e  Uher 5000 e rase -head-of f  p u l s e .  The Sony e r a s e  

head h a s  a s i n g l e  a i r  gap whereas t h e  Uher e r a s e  head h a s  

a doub le  a i r  gap. 
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9(c) Laboratory Simulations with the Haskins Uher 5000 

The Haskins Laboratories Uher 5000 machine was 

used in the laboratory (at FSC) to simulate several con- 

ditions of re-record. 

Figure 31: The figure shows a 500 Hz tone 

used to over-record a previously-recorded speech signal. 

The figure shows the condition of start re-record 

(Case S). An overwritten speech remnant of 1.20 sec. is 

produced. This interval appears distinctively shorter 

than the corresponding interval for Government Exhibit 

60." Also the transient speed buildup of this Uher 5000 

machine appears somewhat different from Uher 60. 

* The record-to-erase-head distance of the Haskins Uher 
was measured at FSC and found to be 28.1 mm. This 
distance is 0.5 rnrn shorter than that for Uher Exhibit 60. 
In tape playback, the BTL Sony 800B converts this 
distance into the interval 1.20 sec. 
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Figure  3 2 :  The Ilaskins Uher 5000 was used i n  

t h e  l a b o r a t o r y  t o  s imu la t e  i n t e r r u p t  r e - r eco rd ,  

r e - p o s i t i o n  forward and resume r e - r eco rd ,  w i th  a  

500 Hz t one  be ing  re-recorded on to  t h e  prev ious  speech 

(Case A ) .  Th is  forward-spaced gap corresponds t o  an 

a c t u a l  human r e a c t i o n  t ime i n  l i s t e n i n g  t o  a  playback 

of t h e  recorded tone  and s topping  a s  soon as  p o s s i b l e  

upon hea r ing  t h e  end of  t h e  recorded tone .  I n  t h i s  

case  G = 0 . 4 7  s e c . ,  and a  corresponding speech remnant 

of t h a t  d u r a t i o n  fol lows t h e  o v e r w r i t t e n  e r a se -o f f  

p u l s e .  This  va lue  of  G from t h e  s imu la t ion  can be 

compared t o  t hose  measured a t  49 s e c .  and 1 0 4 2  s e c .  i n  

t he  1 8 . 5  minute t a p e .  



20 SEC -k- ~ ~ 0 . 4 7  4 
1.20 SEC 

I TIME IN SECONDS 
FIG. 32 



10.  Reference  L i t e r a t u r e  

Beranek,  L .  , A c o u s t i c  Measurements,  John Wiley & Sons ,  

New York 1949. 

F lanagan ,  J. L . ,  Speech A n a l y s i s ,  S y n t h e s i s  and 

P e r c e p t i o n ,  Second E d i t i o n ,  S p r i n g e r  V e r l a g ,  N e w  York 

19 72. 

Olson ,  H .  F . ,  Modern Sound ~ e p r o d u c t i o n ,  Van Nos t rand  

Re inho ld ,  N e w  York 1972. 

P a p o u l i s ,  A . ,  The F o u r i e r  I n t e g r a l  and I t s  A p p l i c a t i o n s ,  

McGraw H i l l ,  N e w  York 1962. 

P o t t e r ,  R .  K . ,  G .  A.  Kopp and H .  C .  Green,  V i s i b l e  Speech,  

D.  Van Nos t rand ,  N e w  York 1947; Dover,  N e w  York 1966. 

R a g a z z i n i ,  J .  R.  and G.  F. F r a n k l i n ,  Sampled-Data C o n t r o l  

Systems,  McGraw H i l l ,  N e w  York 1958. 

R ichardson ,  E .  G . ,  ( ~ d . )  , T e c h n i c a l  Aspec t s  of  Sound, 

Volume I ,  E l s e v i e r ,  Amsterdam 1953. 




