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SUMMARY 

A t a p e  record ing  of conversa t ions  he ld  on June 20, 1972 i n  t h e  
Executive Off i c e  ~ u i l d i n g  conta ins  a s e c t i o n  l a s t i n g  e ighteen  and 
one-half minutes dur ing  which buzz sounds b u t  no d i sce rn i . b l e  speech 
sounds a r e  heard. This  r e p o r t  d e s c r i b e s  work done t o  f i n d  out  what 
caused t h e  buzz sec t ion .  

In  November, 1973, Chief Judge John J. S i r i c a  of t h e  U. S. D i s t r i c t  
Court f o r  t h e  D i s t r i c t  of Columbia appointed an Advisory Panel of persons  
nominated j o i n t l y  by t h e  White House and t h e  Spec ia l  Prosecut ion Force, 
and asked t h e  Panel t o  s tudy r e l evan t  a s p e c t s  of t h e  t a p e  and t h e  sounds 
recorded on it. In  performing t h i s  t a s k  t h e  Panel has  made ex tens ive  
t e s t s  on t h e  t a p e  i t s e l f ,  on e l e c t r i c a l  s i g n a l s  picked up from t h e  t a p e ,  
and on record ing  equipment t h a t  was used o r  might have been used i n  
record ing  t h e  speech and buzz sounds on t h e  tape.  Through a n a l y s i s  of  t h e  
t e s t  r e s u l t s  and s imula t ion  of a l t e r n a t i v e  ways i n  which t h e  buzz s e c t i o n  
might have been produced, t h e  Panel has  a r r i v e d  a t  a s i n g l e  explana t ion  
t h a t  accounts  f o r  t h e  buzz sec t ion  observed on t h e  Evidence Tape. 

The Panel found no b a s i s  f o r  doubting t h e  a u t h e n t i c i t y  of t h e  speech 
recording.  The record ing  appeared t o  be an o r i g i n a l  one made on a Sony 
800B reco rde r ,  t h e  type  r epor t ed ly  used i n  t h e  Executive Of f i ce  Building.  
The t a p e  showed no s igns  of s p l i c i n g ,  tampering, o r  copying. The buzz 
s e c t i o n  was made d i r e c t l y  on t h i s  t a p e ,  probably by t h e  Uher 5000 r eco rde r  
l abe l ed  Government Exh ib i t  60. The buzz sound probably o r i g i n a t e d  i n  
e l e c t r i c a l  n o i s e  on t h e  e l e c t r i c  power l i n e  t h a t  powered t h e  recorder .  
Any speech sounds previous ly  recorded on t h i s  s e c t i o n  of t h e  t ape  were 
e rased  i n  conjunct ion  wi th  t h e  record ing  process ,  a s  i s  normal i n  r eco rde r s  
of t h i s  kind. The e ra su re  i s  so s t rong  a s  t o  make recovery of t h e  o r i g i n a l  
conversa t ion  v i r t u a l l y  impossible. 

The buzz s e c t i o n ,  which sounds much t h e  same throughout,  con ta ins  
many "events"  such a s  c l i c k s ,  pops, changes i n  loudness ,  and gaps wi th  no 
sound. The Panel t r a c e d  most of t h e s e  events  t o  s p e c i f i c  ope ra t ions  of 
e l e c t r i c a l  and mechanical elements of t h e  recorder .  This information 
t o g e t h e r  wi th  d a t a  on t h e  tape  motions and r eco rde r  c h a r a c t e r i s t i c s  
enabled t h e  Panel t o  i n f e r  t h ings  t h a t  must have been done wi th  t h e  
r eco rde r  t o  produce t h e  events  observed on t h e  tape .  No explana t ion  of  
t h e  buzz s e c t i o n  based on malfunction of t h e  r eco rde r  can account f o r  
t h e  e n t i r e  s e t  of observed d a t a  and t h e  p a t t e r n s  they  form. The only  
completely p l a u s i b l e  explanat ion found i s  one t h a t  r e q u i r e s  keyboard 
ope ra t ions  of  a normally-operating machine. Five o r  more s e t s  of such 
ope ra t ions  a r e  involved i n  t h e  explanat ion.  

This  r e p o r t  draws no inferences  about  such ques t ions  a s  whether t h e  
e r a s u r e  and buzz were made a c c i d e n t a l l y  o r  i n t e n t i o n a l l y ,  o r  when, o r  by 
what person o r  persons.  The r e p o r t  does provide  a s o l i d  b a s i s  i n  
experimental  f a c t  f o r  concluding t h a t  t h e  e r a s u r e  and t h e  record ing  of  
buzz r equ i r ed  s e v e r a l  opera t ions  of t h e  pushbuttons on t h e  c o n t r o l  
keyboard o f  t h e  Uher 5000 recorder .  



PREFACE 

This report concerns work undertaken to examine the authenticity 

and integrity of tape recordings made in the offices of the President 

of the United States of America. 

In November 1973 Chief Judge John J. Sirica of the U. S. District 

Court for the District of Columbia appointed an Advisory Panel to under- 

take this work and specified their task in the following words: 

"(a) By judgment entered on August 29, 1973, this Court 
directed production of various tape recordings and other 
materials covered by a grand jury subpoena duces tecum 
issued to President Richard M. Nixon, and this order was 
upheld by a judgment of the United States Court of Appeals 
for the District of Columbia Circuit entered on October 12, 
1973 ; 

(b) On October 23, 1973, counsel for the White House stated 
that there would be full compliance with the order of the 
Court. 

(c) On October 30, 1973, counsel for the White House in- 
formed the Court that two subpoenaed conversations had not 
been recorded and on November 21, 1973, further informed 
the Court that a gap of approximately 18-minutes duration 
existed in a third subpoenaed conversation; 

(d) The Court determined that it was in the interest of 
justice to conduct full inquiry into these developments 
and that it would materially aid the Court's resolution of 
this inquiry to secure the assistance of experts skilled in 
examination of such tape recordings; 

(e) Counsel for the President and the Special Prosecutor as 
counsel for the grand jury agreed upon the selection and 
nomination of six technical experts to examine various tape 
recordings and to report their findings to the Court; 

(f) The Court accepted the nominations of counsel for the 
respective parties and on November 21, 1973, appointed 
Richard H. Bolt, Franklin Cooper, James L. Flanagan, John G. 
(Jay) McKnight, Thomas G. Stockham, Jr., and Mark R. Weiss as 
an advisory panel of expert witnesses to assist the Court;" 

[Excerpt from an Order 
Relating to Expert Witnesses, 
Misc. No. 47-73, December 20, 19731 



The Advisory Panel was chosen t o  cover a range of  t e c h n i c a l  

c a p a b i l i t i e s  r e l e v a n t  t o  t h e  t a s k  of examining t h e  t apes .  The s i x  

members of t h e  Advisory Panel met t o g e t h e r  f i r s t  on Sunday, November 18, 

1973, i n  t h e  ~ x e c h t i v e  Of f i ce  Building and t h e r e  a t t ended  a b r i e f i n g  

se s s ion  conducted by r e p r e s e n t a t i v e s  of counsel  f o r  t h e  P re s iden t  and 

t h e  Spec ia l  Prosecutor .  Immediately t h e r e a f t e r  t h e  Panel undertook 

t h e  p repa ra t ion  of a proposed p l an  of work and submit ted it t o  t h e  Court 

on November 21, 1973. 

Shor t ly  a f t e r  t h e  Panel was appointed and commenced i t s  s tudy  of 

t h e  t a p e s ,  t h e  Court suggested t h a t  t h e  t ape  recorded i n  t h e  Execut ive 

Of f i ce  Building on June 20, 1972, was of s p e c i a l  i n t e r e s t  and would 

deserve  p r i o r i t y  a t t e n t i o n .  In  response,  t h e  Panel devoted most of  

i t s  a t t e n t i o n  t o  t h i s  t a p e  dur ing  t h e  f i r s t  months of i t s  work. 

On December 13 ,  1973, t h e  Panel submitted an i n t e r i m  r e p o r t  on 

i t s  work and i t s  p r o v i s i o n a l  conclusions about t h e  source of  t h e  buzz 

t h a t  appeared on t h e  t a p e  of  June 20th. 

By January 10,  1974, t h e  Panel had a r r i v e d  a t  f i rm  answers t o  t h e  

c e n t r a l  ques t ions  about  t h e  t a p e  of June 20, 1972. Because t h e  Court 

wished t o  have t h i s  information a t  t h e  e a r l i e s t  p o s s i b l e  t ime,  t h e  panel  

sbbmitted a summary r e p o r t  on January 15 ,  1974, con ta in ing  t h e  p r i n c i p a l  

conclus ions  toge the r  w i th  b r i e f  i n d i c a t i o n s  of t h e  na tu re  of t h e  evidence 

t h a t  l e d  t o  t h e  conclusions.  Many added d e t a i l s  concerning t h e  Pane l ' s  

i n v e s t i g a t i o n  of  t h i s  t a p e  were r epo r t ed  i n  s e s s i o n s  of  t h e  Court on 

January 15 and 18 ,  1974. 

The Panel then  turned  t o  t h e  p repa ra t ion  of a f u l l  r e p o r t  of i t s  

t e s t s  and ana lyses  concerning t h e  t a p e  of June 20, 1972, Concurrent ly,  

i n  accord wi th  i n s t r u c t i o n s  from t h e  Court,  t h e  Panel i n i t i a t e d  a pre- 

l iminary  s tudy of  s e v e r a l  o t h e r  t apes .  

Af t e r  t h e  Pane l ' s  conclus ions  were made pub l i c ,  s e v e r a l  persons 

volunteered  i d e a s  and sugges t ions  t o  t h e  Court,  o r  t o  one of t h e  l e g a l  

o f f i c e s  involved i n  t h i s  m a t t e r ,  o r  d i r e c t l y  t o  members of t h e  Panel. 

Some of t h e s e  volunteered  submissions descr ibed  a l t e r n a t i v e  i n t e r p r e t a -  

t i o n s  t h a t  d i f f e r e d  markedly from t h e  Pane l ' s  conclusions.  The Panel 

a l r eady  had considered s e v e r a l  a l t e r n a t i v e s  and be l i eved  t h a t  i t s  ex- 

per imental  r e s u l t s  f i rmly  supported t h e  conclusions made p u b l i c  on 

January 15. 



Nonetheless, the Panel, in keeping with its responsibility to 

the Court and the public in this unusual undertaking decided to 

look carefully into every proffered suggestion that might at all 

contribute to a fuller understanding of what happened to the tape. 

The Panel took on this added work even though it would delay com- 

pletion of the final report on the tape of June 20, 1972. 

By mid-February the Panel had made intensive studies and tests 

of proposed alternatives, with results that confirmed the original 

conclusions. These conclusions and the data and considerations 

supporting them had been discussed from time to time with representa- 

tives of counsel for both parties. In late February and early March, 

at the request of counsel for the President and with the approval of 

the Court, this material was discussed also with technical advisors 

employed by counsel for the President. These various discussions 

led to further analysis of the origin of certain clicks already noted 

on the tape of June 20, 1972, and thereby to additional confirmation 

of one of the Panel's original conclusions. 

Completion of these studies and the writing up of results occupied 

most of the Panel's efforts from March to early May, when we submitted 

a draft report to the Court. Subsequently we received comments on the 

draft and gave them careful consideration in preparing this final report. 

Scope and Organization of this Report 

This report pulls together the results of all our work on the tape 

recorded in the Executive Office Building on June 20, 1972. Although 

other tapes are not discussed in this document, the tests and methods of 

analysis described here are applicable also to our examination of other 

tapes. 

Our study of authenticity and integrity pertains to the entire 

tape, which contains about six hours of material. However, our pre- 

liminary results led us to concentrate attention on a section of the 

tape containing 18.5 minutes of buzz and other sounds not found in the 

rest of the tape. Our conclusions relate mainly to the way in which 

this buzz section was produced. 



In  t h i s  Report we document t h e  conclus ions  we presented  t o  t h e  

Court on January 15 ,  1974. This  volume a l s o  conta ins  a  l a r g e  amount of 

information no t  repor ted  previous ly .  The added information inc ludes  

d e t a i l e d  d e s c r i p t i o n s  of a l l  t h e  t e s t s  and ana lyses  we have made, f u l l  

compi la t ions  of r e s u l t i n g  d a t a ,  and r e p o r t s  on experiments we have per-  

formed t o  check c e r t a i n  a l t e r n a t i v e  hypotheses regard ing  t h e  o r i g i n  of  

t h e  buzz sec t ion .  

The Report con ta ins  fou r  chapters .  The f i r s t  one d e s c r i b e s  o u r  

genera l  approach t o  t h e  t a s k :  our  u se  of s c i e n t i f i c  methods t o  make 

measurements and hypotheses l ead ing  t o  a  s imula t ion  of t h e  p roces s  t h a t  

produced t h e  buzz sec t ion .  Chapter I1 d e s c r i b e s  i n  d e t a i l  t h e  main 

methods of measurement and ana lyses  t h a t  we used. In  Chapter I11 w e  

show how t h e  r e s u l t s  of many t e s t s  combine t o  expla in  e s s e n t i a l l y  a l l  

t h e  "events"  i n  t h e  buzz sec t ion .  The f i n a l  chapter  summarizes t h e  d a t a  

and reasoning  by which we a r r i v e d  a t  each of t h e  seven main conclusions.  

Following t h e  Report, t h i s  volume con ta ins  appended m a t e r i a l  and 

s e v e r a l  Technical Notes. These Notes, which a c t u a l l y  make up t h e  bulk  

of m a t e r i a l  i n  t h e  volume, comprehensively document t h e  t e s t s ,  ana lyses ,  

and da t a .  The Technical Notes a r e  addressed t o  persons who wish t o  s tudy  

our  r e s u l t s  i n  s c i e n t i f i c  d e t a i l .  

I n  t h e  Report i t s e l f ,  we have minimized t e c h n i c a l  complexity and 

terminology i n  order  t o  expla in  a s  simply a s  poss ib l e  what we d i d  and 

how we reached our  conclusions.  We hope t h a t  t h e  i n t e r e s t e d  person who 

i s  no t  a  t e c h n i c a l  s p e c i a l i s t  w i l l  g a in  from t h i s  Report an accu ra t e ,  

i n t e r p r e t i v e  understanding of our  f i nd ings .  



Chapter I 

THE NATURE OF THE TASK 

1. What We Needed t o  Find Out 

A t  t h e  o u t s e t  o f  t h i s  t a s k ,  t h e  Panel formulated t h r e e  s e t s  of ques- 

t i o n s  t h a t  formed t h e  b a s i s  of  ou r  work p lan .  These ques t ions ,  which were 

presented  i n  t h e  In t e r im  Report o f  December 13 ,  1973, were: 

Is t h i s  t a p e  t h e  o r i g i n a l  one t h a t  was recorded on June 20 
19721 Does it con ta in  e r a s u r e s  o r  s p l i c e s ?  O r  i s  it a 
copy t h a t  has  been e d i t e d  by opera t ions  such a s  c u t t i n g  and 
s p l i c i n g  be fo re  re-recording? 

How was t h e  18-minute s e c t i o n  of buzzing sounds produced? 
Was a l l  t h e  buzzing produced cont inuously a t  one time? 

Can speech sounds be de t ec t ed  under t he  buzzing? I f  s o ,  t o  
what e x t e n t  can  t h e  speech be recaptured and made i n t e l l i g i b l e ?  

Some of t h e s e  ques t ions  can be answered e a s i l y  and s u r e l y ,  b u t  o t h e r s  

p r e s e n t  g r e a t  d i f f i c u l t y .  For example, s p l i c e s  would be easy t o  f i n d  and 

would probably imply tampering, b u t  absence of s p l i c e s  would n o t  ensure  

t h a t  t h e  t ape  is  an o r i g i n a l  record ing  r a t h e r  than a copy o r  "dubbing." 

2.  What We Had t o  Work With 

The p r i n c i p a l  sources  of  information a v a i l a b l e  t o  t h e  Panel  were: 

t h e  t ape  record ing  l a b e l e d  "EOB o f f i c e  - s t a r t  6/12/72, end 6/20/72," which 

we sometimes r e f e r  t o  as  t h e  Evidence Tape; t he  tape  r eco rde r s  t h a t  were 

thought  t o  have been used i n  making t h e  o r i g i n a l  record ing  and, l a t e r ,  i n  

e r a s i n g  and re - record ing  a buzz tone on one sec t ion  of t h e  t ape ;  a d d i t i o n a l  

information about how t h e  o r i g i n a l  record ings  were made; and a few o t h e r  

i t ems  of equipment. 

The p r i n c i p a l  i tems of equipment t h a t  were provided by t h e  Court 

and used i n  our  t e s t s  were seven Sony 800B reco rde r s  (one inope ra t ive )  

from t h e  Oval Of f i ce  and Executive Off ice  Building record ing  i n s t a l l a -  

t i o n s ,  a Uher 5000 r eco rde r  marked "Secre t  Serv ice" ,  and another  Uher 5000 



Figure 1 .  Photographs of magnetic tape recorders: Uher 5000 and Sony 800B 



recorder  wi th  a s s o c i a t e d  f o o t  peda l ,  marked Government E x h i b i t s  60 and 

60B. The Exh ib i t  60 Uher had been twice modified by t h e  S e c r e t  Serv ice  

before  we rece ived  it, once t o  d i s a b l e  i t s  record ing  func t ion  and aga in  

t o  r e s t o r e  t h i s  func t ion .  It was ope ra t ing  normally when we rece ived  it, 

b u t  was no t i ceab ly  more s e n s i t i v e  t o  i n t e r f e r e n c e  on t h e  power l i n e  than 

o t h e r  Uher 5000 r e c o r d e r s  t h a t  we used. 

3.  What We Assumed and How It Affected Our Task 

The Panel made c e r t a i n  assumptions i n  undertaking i t s  s t u d i e s .  One 

was t h a t  t h e  equipment used i n  t h e  White House and Executive Of f i ce  

Building was s u b s t a n t i a l l y  as descr ibed  t o  us .  On t h e  b a s i s  of t h i s  

information,  we considered only two types  of  r eco rde r s  (Sony 800B and 

Uher 5000) i n  seeking  an explana t ion  of t he  buzz s e c t i o n  o f  t h e  Evidence 

Tape. We were informed a l s o  t h a t  only the  two Uher 's  were cand ida t e s  f o r  

t h e  machine t h a t  produced t h e  buzz s e c t i o n  of  t h e  Evidence Tape. Our 

i d e n t i f i c a t i o n  of  Exh ib i t  60 a s  t h a t  machine r e s t s  on t h e  c o r r e c t n e s s  of 

t h i s  information.  

We assumed, i n  t h e  absence of da t a  t o  t h e  c o n t r a r y ,  t h a t  t h e  equip- 

ment was func t ioning  more o r  l e s s  normally when t h e  o r i g i n a l  record ing  

was made and when a p a r t  of it was overwr i t ten  by buzz. Most of  t h e  

equipment suppl ied  t o  u s  performed normally when we began t o  use  it 

and continued t o  perform normally throughout our  t e s t s .  A no tab le  ex- 

cept ion  was t h e  Exh ib i t  60 Uher recorder ,  which suddenly f a i l e d  a f t e r  

t h e  Panel had used it f o r  about 50 hours.  Throughout t h e  50 hours t h e  

recorder  gave no i n d i c a t i o n  of abnormal opera t ion .  It  responded normally 

t o  a l l  ope ra t ions  of t h e  keyboard and footpedal  c o n t r o l s .  Recordings 

made on t h e  r eco rde r  be fo re  it f a i l e d  showed no s i g n s  of e r r a t i c  ope ra t ion ,  

such a s  a r b i t r a r y  s topping  and r e s t a r t i n g  of t h e  record ing  o r  of t h e  

motion of t h e  tape .  The component t h a t  f a i l e d  was a diode b r i d g e - r e c t i f i e r .  

We took it o u t ,  made measurements t o  analyze t h e  f a i l u r e ,  and found t h a t  

one of t h e  d iodes  had become s h o r t  c i r c u i t e d .  Then we sea l ed  t h e  r e c t i f i e r  



i n  an envelope, which we s igned and gave t o  U. S. Marshals t o  keep wi th  

t h e  Exh ib i t  60 Uher i n  t h e  possess ion  of t h e  Court. We i n s t a l l e d  a r e -  

placement r e c t i f i e r  i n  t h e  r eco rde r ,  which t h e r e a f t e r  opera ted  normally 

i n  a l l  r e s p e c t s ,  throughout a l l  t h e  remaining t e s t s  we performed. 

Out i n i t i a l  t e s t s  l e d  us  t o  conclude t h a t  t h e  e r a su re  r a t h e r  t han  

t h e  buzz was r e spons ib l e  f o r  o b l i t e r a t i n g  t h e  o r i g i n a l  recording.  A s  a 

r e s u l t ,  we placed l i t t l e  emphasis on f i n d i n g  t h e  exac t  source of t h e  buzz, 

except  t o  no te  t h a t  it resembled power l i n e  i n t e r f e r e n c e  and t h a t  t h e  

Exh ib i t  60 Uher was e s p e c i a l l y  s e n s i t i v e  t o  such in t e r f e rence .  

Two a d d i t i o n a l  assumptions were concerned wi th  procedural  matters. 

We i n t e r p r e t e d  t h e  t a s k  s e t  by t h e  Court t o  mean t h a t  we should r e s t r i c t  

our  a t t e n t i o n  t o  s c i e n t i f i c  ana lyses  of  t h e  t ape  and t h e  equipment t h a t  

was, o r  might have been, involved i n  t h e  record ing  and re - record ing  opera-  

t i o n s .  Thus, ques t ions  of who made t h e  buzz, o r  when, o r  why, d i d  no t  

come wi th in  t h e  scope of ou r  i n v e s t i g a t i o n .  

Also,  we i n t e r p r e t e d  ou r  r o l e  as s c i e n t i f i c  adv i so r s  i n  a s i t u a t i o n  

of ev iden t  urgency t o  mean t h a t  we should r e p o r t  our  conclus ions  t o  t h e  

Court  a s  soon a s  t he  s c i e n t i f i c  evidence f o r  those  conclus ions  became 

d e f i n i t e .  We d id  t h i s  i n  t h e  b r i e f  Summary Report of January 15,  1974. 

4.  How We Found Out What Happened 

To determine how t h e  buzz s e c t i o n  of t h e  Evidence Tape of  June 2 0 ,  

1972, was produced, we examined t h e  t ape  and made c a r e f u l  measurements 

a t  many p o i n t s  on it, paying s p e c i a l  a t t e n t i o n  t o  p l aces  where we 

heard c l i c k s ,  gaps,  o r  o t h e r  s i g n i f i c a n t  changes i n  the  buzz. 

We then  examined t h e  r eco rde r s  and o t h e r  equipment t h a t  was suppl ied  

t o  u s  and made experimental record ings  wi th  them t o  check t h e i r  v a r i o u s  

f u n c t i o n s  and c h a r a c t e r i s t i c s .  When ou r  t e s t s  and measurements were 

completed, we compared t h e  d a t a  obta ined  from t h e  Evidence Tape wi th  

d a t a  obta ined  from our  experimental  record ings .  We looked f o r  s i m i l a r i -  

t i e s  and d i f f e r e n c e s ,  t o  h e l p  us  i d e n t i f y  t h e  machine func t ions  t h a t  

could have produced each of  t h e  t r a n s i e n t  events  on t h e  Evidence Tape. 



When we found events  on t h e  two t a p e s  t h a t  seemed d i s t i n c t i v e  and very  

much a l i k e ,  we assumed, a s  a  working hypothes i s ,  t h a t  t h e  event  on t h e  

Evidence Tape had been made i n  t h e  same way a s  t h e  one t h a t  we o u r s e l v e s  

had made on t h e  experimental  t ape .  

The p roces s  desc r ibed  above -- examination o f  t h e  Evidence Tape and 

s imu la t i on  of  o p e r a t i o n s  on the  E x h i b i t  60 Uher -- y ie lded  t e n t a t i v e  

exp lana t ions  f o r  t h e  source  of  each event  on t h e  Evidence Tape. However, 

it d i d  n o t  exclude t h e  p o s s i b i l i t y  t h a t  an event  might have been made i n  

a  d i f f e r e n t  way. So we looked f o r  a s  many p o t e n t i a l  exp lana t ions  a s  we 

could t h i n k  o f ,  cons idered  them c a r e f u l l y ,  and, on t h e  b a s i s  of  ou r  d a t a ,  

e i t h e r  accepted them a s  v i a b l e  a l t e r n a t i v e s  o r  r e j e c t e d  them. We used 

s e v e r a l  methods t o  e v a l u a t e  a l t e r n a t i v e  explana t ions :  

We checked p o t e n t i a l  exp lana t ions  a g a i n s t  rneasure- 

ments and known f a c t s ;  

We made a d d i t i o n a l  measurements on t h e  t a p e s  and 

equipment i n  o r d e r  t o  g e t  a d d i t i o n a l  c l u e s  and 

i n s i g h t s  ; 

We looked f o r  combinations of  events  t h a t  would 

r u l e  o u t  c e r t a i n  a l t e r n a t i v e  explana t ions .  

Combinations o f  e v e n t s ,  r a t h e r  than a  s i n g l e  event  by i t s e l f ,  o f t e n  

provided t h e  most e f f e c t i v e  means Bf reducing t h e  number o f  a l t e r n a t i v e  

exp lana t ions .  Indeed, e v e n t s  i n  combination provide t h e  f i r m e s t  b a s i s  

f o r  r e j e c t i n g  a  much-discussed hypothes i s  t h a t  t h e  buzz s e c t i o n  might 

be expla inable  i n  t e r m s  of  r eco rde r  malfunct ion.  Furthermore,  combina- 

t i o n s  o f  events  suppor t  most s t r o n g l y  t h e  explana t ion  of  t h e  buzz s e c t i o n  

i n  terms of  mu l t i p l e  o p e r a t i o n s  by hand of a  Uher-5000's c o n t r o l  keys.  

I n  summary, t h e  procedure followed by the  Panel  i n  de te rmin ing  how 

t h e  buzz s e c t i o n  of  t h e  t ape  was produced cons i s t ed  of  t h r e e  l e v e l s  o f  

i nqu i ry  : 

1. What i s  on t h e  t ape?  

This  ques t i on  r equ i r ed  our  making c a r e f u l  measurements 

a t  each even t  on t h e  t a p e ,  t h a t  i s ,  a t  each p o i n t  where 

t h e r e  was an aud ib l e  change i n  t h e  c h a r a c t e r  o f  t h e  re -  

cord ing .  The t e s t s  and ana lyses  t h a t  y ie lded  t h e  most 

u s e f u l  r e s u l t s  a r e  d i scussed  a t  l e n g t h  i n  Chapter 11. 



2. What machine func t ions  produced each  event  on t h e  tape?  

A t  t h i s  l e v e l  of i n q u i r y ,  we sought  t o  i d e n t i f y  e l e c t r i c a l  

p rocesses  and components i n  t h e  r eco rde r  t h a t  could be 

a s soc i a t ed  w i th  each event .  W e  compared t h e  d a t a  from 

measurements on t h e  Evidence Tape wi th  d a t a  ob ta ined  

from t e s t  r eco rd ings  made on s e v e r a l  Uher 5000 r e c o r d e r s ,  

p a r t i c u l a r l y  t h e  one l a b e l e d  E x h i b i t  60.  

3 .  What a c t i o n s  i n i t i a t e d  t h e  machine func t ions?  

The a c t i o n  t h a t  i n i t i a t e d  t h e  product ion  of a  p a r t i c u l a r  

event  could be a  human o p e r a t o r  a c t i o n ,  o r  t h e  r e s u l t  of 

a  machine malfunct ion.  We proposed t r i a l  exp lana t ions  o f  

how t h e  machine f u n c t i o n s  t h a t  we r e l a t e d  t o  each event  

might have been i n i t i a t e d .  We eva lua ted  t he se  exp lana t ions  

by use of  t h e  methods desc r ibed  e a r l i e r .  

C l e a r l y ,  f a c t s  and a  t i g h t  l o g i c a l  s t r u c t u r e  a r e  needed t o  suppor t  

conc lus ions  regard ing  how t h e  buzz s e c t i o n  of  t h e  Evidence Tape was pro- 

duced. The f a c t u a l  b a s i s  f o r  i d e n t i f y i n g  events  on t h e  t a p e ,  t he  t e s t -  

i n g  of  p o t e n t i a l  exp lana t ions  of  t h e  e v e n t s ,  and t h e  combining of  e v e n t s  

t o  d e r i v e  l o g i c a l l y  necessary  conc lus ions  form t h e  e s s e n t i a l  c o n t e n t s  

of  t h i s  r e p o r t .  



Chapter I1 

TESTS AND ANALYSES 

The Panel examined t h e  Evidence Tape from many po in t s  of view. We 

l i s t e n e d  t o  the  tape ,  we looked a t  magnetic marks on it, we analyzed 

e l e c t r i c a l  s igna l s  picked up from it, and we measured the  performance 

of machines on which t h e  speech and buzz were recorded o r  might have 

been. We a l s o  examined the  c i r c u i t s  of t h e  machines t o  f i n d  o u t  how 

they were supposed t o  perform. 

This chapter  descr ibes  the  t e s t s  t h a t  proved most useful  t o  the  

Panel i n  seeking answers t o  i ts  quest ions regarding t h e  tape.  Here we 

explain i n  general  terms how each t e s t  i s  made, what it measures, and 

how the  r e s u l t s  helped us t o  answer the  questions. Technical Notes 

accompanying t h i s  r epor t  give de ta i l ed  explanations and a l s o  descr ibe  

severa l  o ther  t e s t s ,  which provided supplementary information. 

Each method of t e s t  and analys is  described here i s  i l l u s t r a t e d  by 

an ac tua l  example drawn from our study. Usually we combined t h e  r e s u l t s  

from two o r  more d i f f e r e n t  methods t o  iden t i fy  and explain events  on the  

tape.  These combinations of r e s u l t s ,  which a re  the  sub jec t  of Chapter 111, 

provided the  f a c t u a l  b a s i s  from which we derived t h e  conclusions reported 

i n  Chapter I V .  



1. C r i t i c a l  L is ten ing  

The Panel  s t a r t e d  i t s  experiments by l i s t e n i n g  t o  a  67-minute por- 

t i o n  of t h e  Evidence Tape through playback equipment of high q u a l i t y .  

The p o r t i o n  contained about 20 minutes of  speech, followed by the  18.5 

minute buzz s e c t i o n ,  followed by 2 9  minutes of speech. The e n t i r e  t a p e ,  

inc luding  p o r t i o n s  t o  which we were not  permi t ted  t o  l i s t e n ,  ran  t o  about  

s i x  and one-half hours .  

Our experience i n  working wi th  magnetic t ape  record ing  systems, i n  

psycho-acoustic t e s t i n g ,  and i n  l i s t e n i n g  c r i t i c a l l y  t o  sounds of d i v e r s e  

k inds  helped us  t o  d e t e c t  and t o  i d e n t i f y  p a r t i c u l a r  c l i c k s ,  p i t c h  changes, 

and s u b t l e  v a r i a t i o n s  i n  q u a l i t y  t h a t  might o f f e r  c r u c i a l  c l u e s  concerning 

t h e  a u t h e n t i c i t y  and i n t e g r i t y  of t h e  t ape .  Subsequently we s tud ied  t h e s e  

and o t h e r  f e a t u r e s  by using seve ra l  k inds  of  measuring instruments  and 

t e s t s  desc r ibed  below. A s  these  t e s t s  progressed ,  we f r equen t ly  r e tu rned  

t o  l i s t e n i n g  a s  a  way of checking o u t  new information and f i t t i n g  it i n t o  

a  l a r g e r  p a t t e r n  of  acous t i c  c lues .  

2.  Magnetic Marks 

A l l  t h e  sounds hezrd when l i s t e n i n g  t o  a  t ape  record ing  stem from 

s i g n a l s  t h a t  a r e  s to red  on t h e  t ape  i n  t h e  form of magnetic p a t t e r n s .  

These p a t t e r n s ,  a t  l e a s t  t h e  s t ronge r  ones,  can be made v i s i b l e  by a  

process  known a s  magnetic development. A f l u i d  contairling magnetic 

p a r t i c l e s  i s  appl ied  t o  t h e  tape .  The p a r t i c l e s  c o i l e c t  on t h e  magnetic 

p a t t e r n s  i n  propor t ion  t o  t h e i r  magnetic s t r e n g t h .  Then the  f l u i d  

evapora tes ,  l eav ing  a  v i s i b l e  r e p r e s e n t s t i o n  of the magnetic p a t t e r n s .  

We c z l l  t hese  v i s i b l e  r ep re sen ta t ions  t h e  "magnetic marks." 

I n  F igure  2 ,  t h e  whi t i sh  l i n e s  seen on the  two photographs of 

magnetic t a p e  a r e  magnetic marks t h a t  became v i s i b l e  a f t e r  t he  t ape  was 

developed. The upper photograph was made from t h e  Evidence Tape a t  t h e  

end of  t h e  buzz s e c t i o n ,  j u s t  before  t h e  p o i n t  a t  which speech resumes. 

The lower photograph shows a  p i ece  of t ape  recorded by t h e  Panel i n  o r d e r  

t o  s imu la t e  t h e  marks seen on t h e  upper photograph. Using t h e  Exh ib i t  

60 Uher, we i n i t i a t e d  the  recording mode by depress ing  s imultaneously 

the  RECORDING and START keys, and then  we terminated t h e  record ing  mode 
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Figure 2 .  Magnetic marks observed on the Evidence Tape and simulated 

by using the Exhibit 60 Uher 5000 recorder 

by pushing t h e  STOP key. The r e s u l t i n g  de-energizat ion of t h e  r eco rd  

head and e r a s e  head produced t h e  marks a t  t h e  l o c a t i o n s  s o  ind ica t ed .  

The marks near  t h e  r i g h t  edge of F igure  2 c o n s i s t  o f  f o u r  p a r a l l e l  

l i n e s  3 mi l l ime te r s  wide. We sometimes c a l l  t h i s  erase-head-off mark a 

q u a r t e t .  By convention, t h e  dimensions of  marks on magnetic t a p e  a r e  

c a l l e d  l e n g t h  when they  run i n  t h e  long d i r e c t i o n  of t h e  t ape ,  and a r e  

c a l l e d  width when they  run ac ros s  t h e  width of t h e  tape.  Thus, f o r  

example, t h e  q u a r t e t  i s  c a l l e d  3 mrn wide, no t  long; i t s  l eng th  i s  much 

l e s s ,  about  0.5 mm. 

The width of t h i s  q u a r t e t  co inc ides  wi th  t h e  width of t h e  e r a s e  

head gap on t h e  Exhib i t  60 Uher 5000. Exact ly 28.6 mi l l ime te r s  t o  t h e  

l e f t  o f  t h e  q u a r t e t  i s  a mark 2.4 mi l l ime te r s  wide. The width of  t h i s  

mark and i t s  spacing from t h e  q u a r t e t  co inc ide  wi th  t h e  corresponding 

dimension and spacing of t h e  record head on t h e  Uher 5000. This  i d e n t i -  

f i e s  it a s  a record-head-off mark. 



By c o n t r a s t ,  t h e  Sony 800B reco rde r  e r a s e  head produces only two 

l i n e s ,  and they  a r e  spaced about 24 mm from t h e  record  head mark, a s  

Figure 3 shows. Thus magnetic marks provide information a s  t o  t h e  type  

of machine used i n  record ing  on a p a r t i c u l a r  t a p e  and t h e  type  of head 

used t o  make a  p a r t i c u l a r  mark. 
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F igu re  3. Magnet ic marks made by us ing  a Sony 800B r e c o r d e r  

Another kind of  information ob ta inab le  from magnetic marks r e l a t e s  

t o  t h e  loca t ion  of  t h e  recorded t r ack .  Such information sometimes he lps  

i n  i d e n t i f y i n g  t h e  p a r t i c u l a r  r eco rde r  t h a t  was used, because t h e  t r a c k  

can occur  a t  va r ious  d i s t a n c e s  from t h e  edge of  t h e  t a p e  depending on 

manufacturing d i f f e r e n c e s  among recorders .  Figure 4 i l l u s t r a t e s  t h i s  kind 

of  ana lys i s .  
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F igu re  4. Track o f f s e t  shown by magnetic marks 



Figure 4 shows three samples of tape with a recorded track made 

visible by developed magnetic marks. The sample in the middle comes from 

the b~izz section of the Evidence Tape. We produced the two other samples 

by making recordings on the Exhibit 60 Uher and the Secret Service Uher. 

As indicated in the figure, the track made by the Secret Service machine 

is offset 0.2 mm in comparison to the tracks on the Evidence Tape and on 

the sample made by the Exhibit 60 machine. This information together 

with other data led us to conclude that of the two machines, Exhibit 60 

Uher and the Secret Service Uher, only Exhibit 60 Uher could have put 

the buzz on the Evidence Tape. 

Magnetic marks are useful also in determining whether the buzz was 

recorded directly onto the Evidence Tape or was copied from another tape. 

If the buzz section were a copy, then the quartet would be only 2.4 mm 

instead of 3.0 mm wide, because a 2.4 mm wide record head cannot record 

an entire 3.0 mm mark. 

In our investigation, magnetic development provided a relatively 

fast and easy way to obtain data for making initial judgments about the 

type of machine that recorded the buzz section. Magnetic marks also pro- 

vided data about the originality of the Evidence Tape. In order to confirm 

findings derived from magnetic marks and to obtain different kinds of 

information about the tapes, we undertook other tests including the ones 

on waveforms described in the next section. 

3. Waveforms 

Although magnetic marks provide important information about the 

actual width of the track made by the recorder and about the differences 

in widths covered by the erase and record heads, the marks do not give 

the kind of fine detail that is required in a comprehensive analysis. 

To obtain further detail, the Panel examined electrical waveforms pro- 

duced by the magnetic signals on the tape. 

Electrical waveforms are made by playing the tape on a recorder 

and feeding the electrical output into an oscilloscope. The oscillo- 

scope shows the wave on a TV-like screen. The vertical scale represents 

the amplitude of the wave and the horizontal scale represents time. The 

Panel employed a similar but more powerful method using digital computers. 

The computer simplified our task of processing and comparing waveforms in 

various ways, such as changing scales to "zoom in" on small details. 



Figure 5 shows waveforms produced from t h e  s i g n a l s  on t h e  Evidence 

Tape a t  t h e  end of t h e  buzz sec t ion ,  j u s t  before speech resumes. I n  pro- 

ducing these  waveforms we played the  tape  back a t  the  o r i g i n a l  recording 

speed, nominally 24 mi l l imeters  per  second (15/16 inch per  second),  so  a  

d is tance  of 24 mi l l imeters  on the  tape corresponds t o  a  time of one second 

i n  t h e  e l e c t r i c a l  waveforms. These waveforms correspond t o  the  magnetic 

marks shown i n  t h e  upper p i c t u r e  i n  Figure 2. The waveforms c l e a r l y  re-  

veal  many d e t a i l s  t h a t  a r e  only weakly suggested o r  not  observable a t  

a l l  i n  the  magnetic marks. The lower p a r t  of Figure 5  i s  an expanded 

view of sec t ions  of i n t e r e s t  i n  the  top  p a r t  of t h e  f igure .  The ex- 

pansion was done with a  d i g i t a l  computer. In t h e  t o p  p a r t  of the  f i g u r e ,  

the  buzz sec t ion  t o  the  l e f t  of the  record-head-off pulse  shows up a s  a  

highly regu la r ,  r e p e t i t i v e  waveform. The expanded view reveals  d e t a i l e d  

wiggles i n  t h e  r egu la r  pa t tern .  

1 . 2 s e c .  k- buzz - - , -  ------- -.- -.- speech -1 

p-0. I scC...q tl-- 0. l r e c  4.1 

record  head o f f  e r a s e  head of f  

Figure 5. Elect r ical  waveforms from recordings made by the record head 
and the erase  head when they a re  turned off 



The record-head-off pulse, seen on the developed tape as a single 

whitish line, shows up as a complex of many fast wiggles within a space 

of about 0.1 mm on the actual tape. The four lines of the erase-head-off 

mark form a quartet consisting of a valley and peak followed by another 

valley and peak. The quartet occupies about 0.5 mm on the actual tape 

and takes up about 0.02 second of playing time. Immediately following 

the quartet are the irregular patterns of the speech waveform, which 

appear markedly different from the buzz waveform to the left of the figure. 

Waveforms also provide evidence as to whether the tape was moving 

when a particular magnetic mark was made. For example, the waveform of 

the quartet is less sharply peaked when the tape is standing still, be- 

cause the tape is not pressed tightly against the erase head. 

Thus waveforms serve as a kind of magnifying glass with which we 

can see very fine details of information carried on the tape. Such 

information can confirm the identification of magnetic marks and help 

to explain how the marks were produced. 

4. Spectra of Speech and Buzz 

Sound such as the human voice or the buzz on the ~vidence Tape are 

made up of component signals at various pitches or frequencies. A standard 

method of analyzing voice and buzz sounds is to break them down into the 

different frequencies that make up the original sound. ~nalyzing signals 

in terms of their component frequencies and amplitudes is called spectral 

analysis. Spectral analysis provides a way of comparing in fine detail the 

differences and similarities among sounds. 

Spectral analysis is typically made with the aid of an instrument 

that electronically transforms the signal into its component frequencies 

and displays the result. The Panel used two kinds of analyses and displays. 

In one kind of analysis the components are displayed along two dimensions, 

amplitude and frequency. We refer to this kind of display as a spectrum. 

Figure 6 shows an example. 

The other kind of analysis displays the components of the signal in 

three dimensions: amplitude, frequency, and time. This display shows how 

the spectral components change from moment to moment. Amplitude is shown 

by the darkness of the markings on the graph. Frequency is plotted on the 



v e r t i c a l  a x i s  and t ime,  on t h e  ho r i zon ta l .  This  kind of d i s p l a y  is 

commonly c a l l e d  a  An example i s  seen i n  Figure 7 .  

Figure 6 .  Spectrum o f  t h e  buzz s tar t ing a t  1042 seconds 

A spectrum shows t h e  amplitudes a t  va r ious  f requencies  averaged over  

some per iod  of t ime.  For example, Figure 6 shows a  spectrum of t h e  buzz 

sound averaged over  a  pe r iod  of 12.8 seconds. This  process  he lps  t o  

average o u t  shor t - t ime,  spur ious  s i g n a l s  and emphasize t h e  more s t a b l e  

s i g n a l  of i n t e r e s t .  I n  t h i s  case t h e  spectrum analyzer  measured t h e  spectrum 

of 128 ad jacen t  i n t e r v a l s ,  each 0.1 second long ,  and computed t h e  average 

value of t h e  spectrum. 

Each of t h e  sharp  peaks i n  Figure 6 r e p r e s e n t s  a  s i n g l e  frequency. 

The h ighes t  peak occurs  a t  t h e  power l i n e  frequency, 60 Hz. Other high 

peaks occur a t  odd m u l t i p l e s  of 60, i . e . ,  180, 300, 420, e t c .  The 

lower,  a l t e r n a t e  peaks occur a t  120, 240, 360, e t c .  This  spectrum pro- 

vided some of t h e  evidence on which t h e  Panel concluded t h a t  t h e  60-Hz 

power l i n e  hum was t h e  source of t h e  buzzing sound on t h e  Evidence Tape. 



tape -recorder 
operot ions : 

interval between heads 
when tape stopped 

intervals caused by 
moving tape forward 

interval between heads 
when tape re-started 

' 0 . 5 0  ' 1 . 0 0  
I 

1.50 
I 

2 . 0 0  ; 
I I TIME IN  SECONDS 

I I 
I I 

Record Record 
head off heat? on 

I 
I I 

I I 
Erase Erase 

head off head on 
I I 

window---.( 
containing 
sptechli ke 

sounds 

F i g u r e  7 .  Spec t rog ram o f  t h e  buzz  s t a r t i n g  a t  a b o u t  1041 s e c o n d s  

Spec t ra  were taken f o r  both speech and buzz p o r t i o n s  of  t h e  t ape .  Spec- 

tra taken  a t  v a r i o u s  l o c a t i o n s  i n  t h e  buzz s e c t i o n  a r e  s i m i l a r  t o  each o t h e r ,  

i n  keeping wi th  o t h e r  i n d i c a t i o n s  t h a t  a l l  t h e  buzz s e c t i o n  was recorded 

on t h e  same t a p e  recorder .  Spec t ra  of  t h e  recorded speech before  and a f t e r  



t h e  buzz s e c t i o n  a r e  c o n s i s t e n t  wi th  s p e c t r a  from o r i g i n a l  record ings  

known t o  have been made on Sony 800B recorders .  

The spectrogram i n  Figure 7 covers  about 2.4 seconds, s t a r t i n g  a t  

about 1041 seconds a f t e r  t h e  beginning of t h e  buzz sec t ion .  The dark  

h o r i z o n t a l  ba r  j u s t  above t h e  bottom edge of t h e  p i c t u r e  r ep re sen t s  t h e  

60 Hz fundamental t one  i n  t h e  hum produced by t h e  e l e c t r i c a l  power. The 

dark bands a t  180, 300, 420, e t c .  correspond t o  t h e  high peaks i n  F igure  6 ,  

and t h e  a l t e r n a t e ,  l i g h t e r  bands correspond t o  t h e  lower peaks, 

Spectrograms g ive  a  d i r e c t ,  v i v i d  p i c t u r e  of  t h e  way i n  which even t s  

on t h e  t a p e  change from moment t o  moment. The sequence of events  i nd i -  

ca t ed  i n  F igure  7 l eaves  a  p a r t l y  unerased gap o r  "window" of 0.55 seconds 

l eng th ,  corresponding t o  a  13  mi l l ime te r  movement of t h e  tape .  The 

mott led p a t t e r n  seen i n  t h i s  window resembles t h e  spectrum of speech 

sounds and provides  evidence d iscussed  l a t e r  i n  t h i s  r e p o r t .  We r e f e r  

t o  t h i s  type  of p a t t e r n  a s  buzz-on-speech. Spectrograms a l s o  provide 

evidence concerning such a spec t s  a s  acous t i c  c h a r a c t e r i s t i c s  of t h e  re -  

cording system, and occurrences of s t a r t i n g  and s topping  opera t ions .  

5. Phase Cont inui ty  and Speed Constancy 

The phase of a  wave i s  a  measure of t h e  r e l a t i v e  l o c a t i o n s  of t h e  

peaks and v a l l e y s  i n  t h e  wave. A s  long a s  t h e  peaks and v a l l e y s  fol low 

each o t h e r  by e x a c t l y  t h e  same amount, t h e  phase i s  s a i d  t o  be cont inuous.  

I f  a t  some p o i n t  t h e  wave p a t t e r n  s h i f t s  a b r u p t l y  one way o r  t h e  o t h e r ,  then 

a  phase d i s c o n t i n u i t y  i s  s a i d  t o  occur  a t  t h a t  p o i n t .  An example of such a  

phase d i s c o n t i n u i t y  appears  i n  Figure 8a. In  t h e  l e f t  hand p a r t  of t h e  

f i g u r e ,  every t h i r d  v a l l e y  l i e s  exac t ly  over  one of t h e  equally-spaced 

v e r t i c a l  l i n e s  of t h e  graph. I n  t he  r i g h t  hand p a r t ,  none of  t h e  v a l l e y s  

co inc ides  e x a c t l y  wi th  a  graph l i n e .  

The waves i n  t h e  l e f t  and r i g h t  hand p a r t s  of t he  f i g u r e  came from t h e  

60 Hz power l i n e  hum. The waves i n  t h e  middle,  which run o f f  t h e  graph a t  

t h e  top  and bottom, r e f l e c t  t h e  occurrence of  t r a n s i e n t  e l e c t r i c a l  s i g n a l s  

i n  t h e  record  head. I f  t h e  t ape  had kep t  moving s t e a d i l y  while  t hese  t r an -  

s i e n t s  were being recorded ,  then the  r i g h t  hand p a r t  o f  t h e  60 Hz hum wave 

would have been "phase continuous" with t h e  l e f t  hand p a r t ;  every t h i r d  

v a l l e y  on t h e  r i g h t  would have l i n e d  up wi th  a  v e r t i c a l  l i n e  of  t h e  graph. 

The d i s c o n t i n u i t y  shown by l ack  of alignment means t h a t  t he  t ape  stopped 

and then r e s t a r t e d  a t  t h i s  l o c a t i o n  on t h e  t ape .  
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F i g u r e  8. Phase c o n t i n u i t y  t e s t s  on a  s e c t i o n  o f  t h e  Evidence Tape 

s t a r t i n g  a t  611.8 seconds a f t e r  t h e  b e g i n n i n g  o f  t h e  buzz.  

a )  Waveform versus t i m e .  b )  Phase versus t i m e .  



A second more s e n s i t i v e  way t o  measure phase i s  t o  use a s p e c i a l  

instrument  c a l l e d  a phase meter. Figure 8b i l l u s t r a t e s  t h e  kind of 

r e s u l t s  obtained.  A s  long a s  t h e  h o r i z o n t a l  wavy l i n e  t h a t  s t a r t s  on 

t h e  l e f t  hand s i d e  of t h e  f i g u r e  remains s t r a i g h t  and h o r i z o n t a l ,  t h e  

phase i s  s a i d  t o  be continuous and t h e  frequency cons tan t .  Immediately 

fol lowing t h e  t r a n s i e n t  events  i n  t h e  middle of t h e  f i g u r e ,  t h e  wavy 

l i n e  s h i f t s  ab rup t ly  downward. The s h i f t  i n d i c a t e s  a d i s c o n t i n u i t y  i n  

phase and, t h e r e f o r e ,  a s topping of t h e  tape .  The rea f t e r  t h e  r e l a t i v e  

phase fol lows an upward s loping  l i n e ,  which impl ies  a s l i g h t l y  d i f f e r e n t  

frequency. The frequency d i f f e r e n c e ,  i n  t u r n ,  i n d i c a t e s  t h a t  t h e  t a p e  

has changed speed. In  t h i s  ca se  t h e  speed change i s  about 0.3%. T rans i en t  

speed changes, i n i t i a l l y  of t h i s  magnitude and l a s t i n g  up t o  s i x  seconds, 

occur f r equen t ly  a t  t h e  s t a r t s  of t e s t  record ings  t h a t  we made on Ex- 

h i b i t  60 Uher. 

The Panel made phase con t inu i ty  t e s t s  on a l l  t h e  s i g n i f i c a n t  even t s  

i n  t h e  buzz s e c t i o n  wherever such measurement was f e a s i b l e ,  and thereby  

obta ined  cons iderable  evidence concerning s t o p - s t a r t  ope ra t ions  a s s o c i a t e d  

wi th  those  events .  

6. F l u t t e r  Spec t ra  

Every t ape  recorder  has  some mechanical i r r e g u l a r i t i e s  i n  i t s  

r o t a t i n g  elements.  These i r r e g u l a r i t i e s  cause t h e  t ape  t o  vary i n  speed 

a s  it goes p a s t  t h e  record ing  and playback heads. Such v a r i a t i o n s  i n  

speed produce an aud ib l e  wavering o r  " f l u t t e r "  of t h e  p i t c h  of t h e  sound 

recorded. 

Suppose t h a t  we record a pure tone  on a t ape  recorder  t h a t  has  speed 

v a r i a t i o n s .  We p l ay  t h i s  recording on a p e r f e c t l y  s teady  reproducer ,  and 

p l o t  a spectrum of t h e  "pure tone."  Because of t h e  speed v a r i a t i o n s  of 

t h e  t a p e  r eco rde r ,  t h i s  spectrum w i l l  no-w show a d d i t i o n a l  tones  above and 

below t h e  frequency of t h e  o r i g i n a l  tone. These a d d i t i o n a l  tones  a r e  due 

t o  t h e  f l u t t e r  and a r e  c a l l e d  " f l u t t e r  sidebands." The p l o t  of t h e i r  

spectrum i s  c a l l e d  a " f l u t t e r  sideband spectrum." Examples of f l u t t e r  s ide-  

band s p e c t r a  a r e  shown i n  Figure 9. 

The frequency displacement between t h e  s idebands and t h e  o r i g i n a l  

tone  i s  a measure of t h e  speeds of r o t a t i o n  of t h e  s e v e r a l  d r i v e  p u l l e y s  

i n  t h e  t ape  recorder .  The design of t h e  r eco rde r  determines t h e s e  speeds. 

The l e v e l  of t h e  sidebands i s  a measure of t h e  e c c e n t r i c i t y  of t h e  r e c o r d e r ' s  



FLUTTER SIDEBAND FREQUENCY IN HERTZ 

F i g u r e  9.  F l u t t e r  s ideband spec t ra  o f  t he  buzz s e c t i o n  o f  t h e  E x h i b i t  Tape. 

a )  Compared w i t h  t he  E x h i b i t  60 Uher. 

b )  Compared w i t h  t h e  Secre t  Serv ice  Uher. 



pulleys, which depends on the accuracy of the recorder's manufacture and 

its state of wear and adjustment. 

For example, the dotted line in Figures 9a and 9b shows the flutter 

sideband spectrum of the 60 Hz buzz of the Evidence Tape. For comparison, 

we recorded on a blank tape a 60 Hz tone on the two Uher recorders, and 

measured their flutter sideband spectra. These are shown for the Exhibit 60 

Uher (Figure 9a) and the Secret Service Uher (Figure 9b). 

The high central peak in these flutter sideband spectra represents 

the original 60 Hz tone. The peaks located symmetrically on either side 

of 60 Hz are the flutter sidebands. The sidebands at 63.6 Hz and 56.4 Hz 

are caused by eccentricity of an intermediate idler that is used in the 

Uher recorders. It rotates 3.6 times per second, and thus produces 3.6 Hz 

flutter. No element in the Sony 800B recorder can produce a 3.6 Hz flutter. 

Thus we have evidence that the Buzz section of the Evidence Tape was not 

produced by a Sony recorder. 

The sidebands at 1.5 Hz above and below 60 Hz are caused by the 

eccentricity of the capstan, the. cylindrical shaft that rotates at a 

speed of 1.5 times per second and drives the tape in the Uher recorder. 

Another pair of sidebands appears at plus and minus 3.0 Hz for the 

Evidence Tape and the Exhibit 60 Uher. These sidebands occur because the 

capstan is slightly elliptical instead of perfectly circular in cross 

section, thus causing the tape to speed up and slow down twice during 

each revolution of the capstan. The Secret Service Uher does not show 

sidebands at + 3.0 Hz, which indicates that this is not the machine that - 
recorded the buzz on the Evidence Tape. 

Thus when we know all the models of tape recorder that might have 

been used to produce a recording, measured flutter frequencies offer a 

very reliable means of determining which, if any, of these models was 

used. When we also know all the individual tape recorders that might 

have been used, the flutter amplitudes measured at each frequency may -- 
and in the present investigation do -- offer a reliable means of dis- 
tinguishing among the individual machines. 

7. Other Tests and Measurements 

Additional tests we made in studying the Evidence Tape included 

inspecting it for splices and correct length, attempting to recover 

bias signals, and measuring azimuth angles. (See Technical Note 13) 



Chapter 111 

COMBINING DATA TO RECONSTRUCT EVENTS 

In Chapter I we pointed out that facts and logic taken together pro- 

vide the basis for our conclusions as to how the 18.5 minute buzz section 

of the Evidence Tape was produced. In Chapter I1 we described the prin- 

cipal tests used to gather the facts. In this chapter, we present a sum- 

mary of the facts and explain how we used them to find out what the tape 

recorder had done to make the magnetic marks we found on the tape. 

1. Comparing Data from Different Kinds of Tests 

The tests described in Chapter I1 provide several different kinds 

of data concerning the Evidence Tape. While each test, taken by itself, 

provides considerable insight into the recording operations that pro- 

duced the Evidence Tape, much additional insight has been gained by com- 

bining the data obtained from several different tests. 

The relationships we found among magnetic marks, waveforms, and 

spectrograms were especially useful. Figllre 10 shows comparative data 

for a portion of the buzz section centered at about 48 seconds into the 

buzz. At the top of the figure is a photograph of marks on the tape ob- 

tained by magnetic development; in the center is the corresponding 

electrical waveform; at the bottom is a spectrogram. 

The three representations of the same event serve to complement one 

another. The waveforms provide much finer detail about individual marks 

than does magnetic development. The spectrogram, by analyzing the wave- 

form into its frequency components, often provides information that is 

easier to interpret than is the detailed shape of the waveform. An instance 

of this latter advantage is to be seen at the extreme right of the figure, 

between the edge and the reference line at 49.47 seconds. Here the 

spectrogram shows more clearly than the waveform that there is a residual 

signal in addition to the buzz. This kind of signal, identifiable as a 

speechlike sound under the buzz, is shown in its entirety in the middle 

picture in Figure 13, Chapter IV. Another example of the usefulness of 



TIME IN SECONDS FROM START OF BUZZ 

I magnetic marks 

waveform 

F igu re  10. Three rep resen ta t i ons  o f  t h e  same even t  on t h e  Evidence Tape: 

magnetic marks, waveform, and spectrogram. 
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t h i s  spectrogram is t h e  c l e a r  d i f f e r e n c e  it shows between t h e  buzz a t  t h e  

l e f t  and r i g h t  edges of t h e  f i g u r e  a s  compared wi th  t h e  buzz i n  t h e  middle 

por t ion .  The waveforms a r e  d i f f e r e n t  a l s o ,  though l e s s  obviously s o  ex- 

c e p t  a s  t o  he ight .  

Another u s e f u l  combination of d a t a  involves  r e s u l t s  of t e s t s  on 

phase d i s c o n t i n u i t i e s  and waveforms. Taken t o g e t h e r ,  t h e s e  t e s t s  served 

t o  c l i n c h  t h e  i n t e r p r e t a t i o n  of c e r t a i n  events  i n  t h e  buzz s e c t i o n  a s  

being r e s t a r t s  of record ing  opera t ions .  The way i n  which we make such 

c o r r e l a t i o n s  between observed d a t a  and machine func t ions  i s  descr ibed  i n  

t h e  f i n a l  s ec t ion  of t h i s  chapter .  

2 .  Summary of  t h e  Information on the  Evidence Tape 

The t e s t s  and measurements we made on t h e  Evidence Tape r e s u l t e d  i n  

d a t a  on magnetic marks, waveforms, s p e c t r a ,  phase changes, t ape  speed, 

and f l u t t e r  a t  t hose  p l aces  i n  t he  t ape  where we found c l i c k s ,  gaps,  and 

o t h e r  ab rup t  changes i n  t he  buzz. Our next  s t e p  was t o  organize  t h e s e  

d a t a  i n t o  a chronology of t h e  events  i n  t he  buzz s e c t i o n  and, wherever 

p o s s i b l e ,  t o  dec ide  j u s t  what the  r eco rde r  had done t o  make the  magnetic 

marks, o r  s e t s  of marks, t h a t  c o n s t i t u t e  t he  even t s .  The r e s u l t i n g  

chronology and i d e n t i f i c a t i o n  of events  appear i n  Table I and Figure  11. 

The diagram i n  F igure  11 i s  s u b s t a n t i a l l y  t he  same a s  t h e  one i n  ou r  Sum- 

mary Report of January 15 ,  1974. 

We have been ab le  t o  r e l a t e  almost a l l  of t h e  observed even t s  t o  

p a r t i c u l a r  r eco rde r  func t ions  t h a t  caused them. Therefore t he  t a b l e  and 

f i g u r e  con ta in  most of t h e  measured events  we have found on t h e  tape .  A 

few remaining, minor pu l se s  t h a t  we have not  i d e n t i f i e d  e x p l i c i t l y  a r e  

descr ibed  i n  Technical Note 1 2 .  Whatever t he  exac t  cause of t hese  p u l s e s  

might be,  t h e i r  presence does not  a f f e c t  our i n t e r p r e t a t i o n  of t h e  major 

even t s  o r  our  conclus ions  regarding the  way i n  which the  buzz s e c t i o n  was 

produced. 

The summary of events  i n  Table I i s  organized by time of occurrence 

wi th in  the  buzz s e c t i o n .  Event Number and Event Code a r e  two d i f f e r e n t  

l a b e l s  f o r  t h e  same events .  These l a b e l s  r e l a t e  events  l i s t e d  i n  Table I 

t o  t h e  d e t a i l e d  i l l u s t r a t i o n s  and d i scuss ions  of those  events  given i n  



Table I 

SUMMARY OF EVENTS ON THE BUZZ SECTION 

Event Event Event 
Time Number Code 

Time i n  seconds Segments 
Event Occurrences from s t a r t  of buzz and Gaps 

e r a s e  head o f f  -2.92 

record head on, s t a r t  of buzz 0.00 

buzz decrease 46.36 

record head o f f  48.25 
0.30 s. 

record head on, buzz increase  48.55 
e rase  head o f f  49.47 

record head on 

buzz decrease 

K-1 pulse  
record head o f f  
record head on 
K-1 pulse  
e rase  head off  ( p a r t i a l )  

K-1 pulse  
record head o f f  
record head on 
e r a s e  head o f f  
e rase  head o f f  ( p a r t i a l )  
K-1 pulse  

record head on, buzz decrease 

record head o f f  C 1041.53 
1042.08 

0.55 s. 
record head on, buzz increase 
e r a s e  head o f f  1042.74 

record head on 

record head on 
K-1 pulse  

K-1 pulse  1108.79 
record head o f f  1108.80 
e rase  head o f f ,  end of buzz 1110.00 



- R E C O R D  H E A D  E V E N T S  

S E G M E N T  SEGMENT 
2 4 1 

Figure 11. Chronological diagram of events in  the 18.5 minute 

I 
buzz  sec t ion ,  EOB tape recording of June PO, 1972. 



Technical  Notes 2 and 3,  r e s p e c t i v e l y .  The Event Occurrences l i s t e d  i n  

t h e  t a b l e  des igna te  t h e  even t s  i n  terms of t h e  recorder  f u n c t i o n s  t h a t  

cause them. 

An "event"  a s  we have def ined  it may conta in  seve ra l  occurrences  

t h a t  t a k e  p l ace  a t  about t h e  same time and t h a t  a r e  r e l a t e d  t o  each  o t h e r  

f u n c t i o n a l l y  o r  o p e r a t i o n a l l y .  The Event Time g ives  t h e  approximate 

l o c a t i o n  of t he  Event. A more p r e c i s e  l o c a t i o n  of each occurrence is 

g iven  i n  t h e  next  t o  l a s t  column. Here t h e  time i s  given t o  hundredths 

of  a second. This  degree of  p r e c i s i o n  i s  use fu l  f o r  showing t h e  exac t  

r e a l t i o n s h i p s  among s e v e r a l  c l o s e l y  spaced occurrences i n  a s i n g l e  event .  

However, t he  time i n t e r v a l  between widely separa ted  events  cannot  be 

determined so p r e c i s e l y .  

The probable e r r o r  i n  measuring any time i n t e r v a l  a long t h e  t a p e  

is  about  one o r  two pe rcen t  o f  t h e  du ra t ion  of t he  i n t e r v a l .  This  

means an e r r o r  of  one o r  two seconds f o r  an i n t e r v a l  of 100 seconds,  and 

10 o r  20 seconds e r r o r  i n  t h e  measurement of t h e  du ra t ion  of t he  e n t i r e  

buzz s e c t i o n .  The e r r o r  a r i s e s  from a combination of  f a c t o r s  i nc lud ing  

t h e  s t r e c h i n g  of t h e  t a p e  and the  t ape  speed a s  dependent on t h e  p a r t i c u -  

l a r  recorder  used,  t h e  cond i t i on  of t he  machine, and t h e  degree of warm-up. 

The bold l i n e s  a s s o c i a t e d  wi th  the  l a s t  two columns i n  Table I 

i n d i c a t e  t h e  f i v e  complete segments and t h e  gaps between them. Each of 

t h e s e  segments s t a r t s  w i th  a record head on,  and ends wi th  a record  head 

o f f  and i t s  a s soc i a t ed  e r a s e  head o f f .  Each gap i s  an i n t e r v a l .  between 

a record  head o f f  and i t s  immediately subsequent record head on. 

3. I d e n t i f y i n g  t h e  Recorder Funct ions t h a t  Produced t h e  Events 
on t h e  Tape 

In  Table I and t h e  chronologica l  diagram of F igure  11, magnetic marks 

t h a t  were found a t  va r ious  p l aces  on t h e  Evidence Tape a r e  l abe l ed  wi th  

names t h a t  desc r ibe  what t h e  recorder  d i d  t o  make t h e  mark; t h a t  i s ,  such 

names a s  record-head-on and record-head-off a r e  assigned t o  s p e c i f i c  marks 

on t h e  tape .  Examples of  t he  ways i n  which these  i d e n t i f i c a t i o n s  could be 

made have been shown i n  Chapter 11, where t h e  examples were used t o  i l l u s -  

t r a t e  methods of  measurement. The l o g i c a l  s t e p s  t h a t  l ead  t o  conclus ive  

i d e n t i f i c a t i o n  of t h e  marks a r e  descr ibed  e x p l i c i t l y  i n  t h e  paragraphs  

t h a t  fol low . 



A mark found on t h e  t ape  can be made only  by t h e  e r a s e  head o r  by 

t h e  record  head. Because the  e r a s e  head i s  wider than  t h e  record  head, 

it w i l l  w r i t e  a mark t h a t  is  correspondingly wider. Thus, t h e  width 

of a mark can be used t o  determine which head wrote it. 

Both t h e  e r a s e  and record heads w r i t e  d i s t i n c t i v e  marks on t h e  t ape  

when they  a r e  energized and de-energized and t h e  t ape  i s  pressed  a g a i n s t  

t hehead .  However, t h e  e r a s e  head w i l l  immediately e r a s e  i t s  own ON mark. 

The e r a s e  head w i l l  no t  e r a s e  i t s  OFF mark (o r  q u a r t e t )  un le s s  t h e  t ape  

advances by more than 0.1 mm before  t h e  head is  turned back on. I f  t h e  

t ape  advances by more than 0.1 mm b u t  l e s s  than  0.5 mrn ( t h e  l eng th  of 

t h e  q u a r t e t )  be fo re  t h e  e r a s e  head i s  turned  back on ,  some of  t h e  q u a r t e t  

l i n e s  w i l l  be  e rased .  However, t h e  l i n e s  t h a t  remain w i l l  s t i l l  be of  

erase-head width. Therefore,  whenever we f i n d  any l i n e s  of  erase-head 

width we can  be s u r e  they were caused by t h e  de-energizing of  t h e  e r a s e  

head. 

Unlike t h e  e r a s e  head, t h e  r eco rd  head w i l l  l e ave  marks on t h e  t a p e  

both when it i s  turned o f f  and when it i s  turned  on. I t  w i l l  a l s o  l eave  

marks on t h e  t ape  i n  response t o  e l e c t r i c a l  t r a n s i e n t s  generated i n s i d e  

t h e  r eco rde r  o r  i n j e c t e d  from an o u t s i d e  source.  A l l  of t hese  marks a r e  

of  r eco rd  head width,  so  f u r t h e r  information i s  needed t o  d i s t i n g u i s h  

among them. 

One way i n  which a record-head-off mark can be i d e n t i f i e d  is based 

on t h e  knowledge t h a t  whenever t h e  e r a s e  head i n  a Uher 5000 r eco rde r  

is  de-energized t o  end a record ing ,  and thereby  w r i t e s  i t s  OFF mark, 

t he  record  head a l s o  w i l l  w r i t e  an OFF mark. Moreover, t h e  Exh ib i t  60 

Uher w i l l  w r i t e  t h a t  mark e x a c t l y  28.6 mi l l ime te r s  from t h e  erase-head- 

o f f  mark ( t o  t h e  l e f t  i n  a l l  t h e  f i g u r e s  i n  t h i s  r e p o r t ) .  Therefore,  

a record head mark t h a t  is 28.6 m i l l i m e t e r s  t o  t h e  l e f t  o f  an i d e n t i f i e d  

erase-head-off mark on t h e  Evidence Tape must be a record-head-off mark. 

I f  a record  head mark cannot be a s s o c i a t e d  wi th  an e r a s e  head mark 

i n  t h e  manner i nd ica t ed  above, o t h e r  means must be used t o  c l a s s i f y  it. 

One way i s  t o  compare t h e  shapes and d u r a t i o n s  of  t he  waveforms t h a t  t h e  

marks produce wi th  those of known record-head-off and record-head-on 

marks. For example, t h e  mark a t  t h e  very  beginning of t h e  buzz s e c t i o n ,  

shown i n  F igure  6 of Technical Note 2 ,  i s  n e c e s s a r i l y  a record-head-on 



mark. The mark a t  the  end of t h e  buzz, shown i n  Figure 17 of t h e  same 

t e c h n i c a l  no te ,  j u s t  before  t h e  b r i e f  s i l e n c e  and the  erase-head-off 

mark, is  n e c e s s a r i l y  a record-head-off mark. We can use  t h e s e  two marks 

a s  models i n  i d e n t i f y i n g  o t h e r  record-head marks. 

The i d e n t i f i c a t i o n s  of record-head marks can be confirmed by use  

of  ano the r  kind of  comparison. When a record ing  i s  stopped and then  r e -  

sumed, a d e f i n i t e  p a t t e r n  of  marks and waveform c h a r a c t e r i s t i c s  w i l l  be 

recorded.  The na tu re  of t h a t  p a t t e r n  w i l l  depend on the  p o s i t i o n  of t h e  

t ape  when t h e  record ing  i s  resumed r e l a t i v e  t o  t h e  p o s i t i o n  it occupied 

when t h e  record ing  was stopped. By comparing the  p a t t e r n s  of  d a t a  a t  

each of  t h e  events  on t h e  Evidence Tape wi th  those of known sequences of 

o p e r a t i o n s ,  we can confirm t h e  i d e n t i f i c a t i o n s  of t he  record-head marks 

and, a t  t h e  same t ime,  determine t h e  sequence of t a p e  movements du r ing  

t h e  record ing  of t h e  t ape .  

It was t h i s  kind of reasoning ,  supported by the  shapes of t h e  wave- 

forms, t h a t  l e t  u s  make f i rm i d e n t i f i c a t i o n s  of t he  s e t s  of magnetic 

marks a t  t he  beginnings and endings of t h e  f i v e  segments t h a t  a r e  shown 

i n  Table I and t h e  chronological  diagram of Figure 11. These segments 

a r e  d iscussed  i n  Chapter I V .  For example, t he  erase-head-off mark a t  

49.47 seconds from t h e  beginning of  t h e  buzz s e c t i o n  was preceded a t  

j u s t  t h e  r i g h t  time and d i s t a n c e  by a mark a t  48.25 seconds, which must 

have been -- and had the  r i g h t  wave shape t o  be -- a record-head-off 

mark. The record-head-on ope ra t ion  t h a t  s t a r t e d  t h i s  segment occurred  

a t  t h e  very beginning of  t he  buzz s e c t i o n .  

In  four  p l aces  on t h e  Evidence Tape, a t  Event Times 155, 1041, 1061, 

and 1065 seconds, we found marks t h a t  appeared t o  be record-head-on marks 

on t h e  b a s i s  of  t h e i r  waveforms b u t  t h a t  d i d  not  immediately fo l low a 

record-head-off mark; t h a t  i s ,  they  occurred i n  t h e  midst  of ongoing buzz. 

They can be accounted f o r  i f  t h e  t ape  had s topped,  then  moved backward, 

i n  t h e  rewind d i r e c t i o n ,  and then s t a r t e d  forward again t o  begin w r i t i n g  

a new buzz segment. 

I n  preceding paragraphs we have mentioned some consequences of 

s topping  a record ing  ope ra t ion ,  r e p o s i t i o n i n g  t h e  t a p e ,  and r e s t a r t i n g  

t h e  record ing .  F igure  12 i l l u s t r a t e s  the  way i n  which such r eco rd ing  

i n t e r r u p t i o n s  produce unique p a t t e r n s  of  d a t a  on the  tape .  
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recording turned on 

2 seconds after res ta r t  GJ GJ 

4 seconds after restart GJ Ll 
I I I 
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F i g u r e  12. The diagrams r e p r e s e n t  a  s e c t i o n  o f  tape a t  f o u r  p o s i t i o n s  r e l a t i v e  t o  t h e  
r e c o r d  head and erase head o f  a  r e c o r d e r .  As t h e  tape moves i n  f rom the  r i g h t ,  t h e  
erase head o b l i t e r a t e s  speech recorded p r e v i o u s l y  and t h e  r e c o r d  head pu ts  a  buzz sound 
on the  erased tape.  I n  F igu res  12a and 12b, t he  t o p  drawing shows t h e  tape stopped. 
Record-head-of f  marks and erase-head-o f f  marks have been w r i t t e n  on t h e  tape.  

I n  F igu re  12a, t he  tape i s  r e p o s i t i o n e d  fo rward  so t h a t  a smal l  segment o f  t he  r e -  
corded speech l i e s  between the  r e c o r d  and erase heads. When r e c o r d i n g  s t a r t s  aga in  
and t h i s  segment goes by t h e  r e c o r d  head, buzz i s  p u t  on t o p  o f  unerased speech, r e -  
s u l  t i n g  i n  a  "buzz-on-speech" segment. 
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TAPE REPOSITIONED BACKWARD 

restart position 
recording turned on 

2 seconds after restart G3 G3 

4 seconds after restart G3 a 
record 
head 
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mark 

In Figure 12b, the tape i s  repositioned backward so t h a t  the erase and record head 
marks precede the e rase  head. Consequently, when recording i s  resumed, both of these 
marks wil l  pass by the e rase  head and be erased. The shor t  segment of tape between 
the record head and e rase  head contains a previously recorded buzz t h a t  the  recording 
head wil l  overwrite with new buzz. 



Figure  12a shows t h e  tape  r epos i t i oned  forward by an anloTmt l e s s  

than  t h e  d i s t a n c e  between t h e  record head and e r a s e  head. Figure 12b 

shows the  t ape  r epos i t i oned  backward by an amount g r e a t e r  than t h e  

d i s t a n c e  between heads. These and o t h e r  combinations a r e  explai-led i n  

d e t a i l  i n  Technical  Note 3 .  

The p a t t e r n  shown a t  t h e  bottom of F igure  12a con ta ins  a record-  

head-off mark followed by a s e c t i o n  of e rased  t a p e ,  a record-head-on 

mark, a s e c t i o n  o f  buzz, an erase-head-off mark, and a s e c t i o n  of  buzz 

recorded on top  o f  speech. This  p a t t e r n  i s  e x a c t l y  the  one seen i n  

F igure  7 ,  which i l l u s t r a t e s  Event Time 1042 seconds. The same p a t t e r n  

wi th  somewhat d i f f e r e n t  spacing occurs  a t  Event Time 49 seconds. 

When record ing  has  been stopped and t h e  t ape  d i sp l aced  backward, 

t h e  subsequent record ing  ope ra t ion  w i l l  o b l i t e r a t e  t h e  erase-head-off 

mark. I f  t h e  backward displacement i s  more than  t h e - d i s t a n c e  between 

t h e  e r a s e  and r eco rd  heads,  t h e  subsequent record ing  w i l l  o b l i t e r a t e  

t h e  record-head-off mark a l s o ,  a s  Figure 12b shows. However, even i f  

bo th  t h e s e  marks a r e  gone, t h e  s i n g l e  remaining mark, t h e  one made by 

t h e  record head when t h e  record ing  was resumed, can be i d e n t i f i e d  r e -  

l i a b l y .  This  i s  accomplished by us ing  c e r t a i n  supplementary d a t a  de- 

r i v e d  from phase measurement and recorder  speed t o  confirm a t e n t a t i v e  

i d e n t i f i c a t i o n  made us ing  waveform d a t a .  I f  t h e  t a p e  has i n  f a c t  been 

stopped and r e s t a r t e d ,  t h e  buzz s igna l  recorded on it i s  almost c e r t a i n  

t o  b e d i s c o n t i n u o u s i n  phase. Fu r the r ,  i f  t h e  t ape  has  not  come f u l l y  

up t o  speed be fo re  t h e  recording was resumed, a change i n  t ape  speed 

w i l l  be d e t e c t a b l e .  

Using both waveform d a t a  and supplementary d a t a  a s  descr ibed  above, 

we were a b l e  t o  i d e n t i f y  t he  four  marks mentioned e a r l i e r  a s  being 

record-head-on marks. Tes t s  we made on t h e  ~ v i d e n c e  Tape showed phase 

d i s c o n t i n u i t i e s  a t  t h r e e  of t he  four  marks, a t  Event Times 155, 1061, 

and 1065 seconds. A t  t h e  fou r th  mark, a t  1041 seconds, phase measure- 

ment was no t  f e a s i b l e  f o r  reasons explained i n  Technical  Note 4. Fur- 

t h e r ,  changes i n  speed showed up a t  two of  t h e  even t s  a t  Event ~ i m e s  

1061 and 1065 seconds. 

Another type  of  evidence t h a t  confirms t h e  i d e n t i f i c a t i o n  of t h e  

f o u r  marks d i scussed  above a s  record-head-on marks can be seen i n  spec t ro  

grams, and t o  some e x t e n t  i n  t he  waveforms a s  we l l .  Since t h e  e r a s e  head 

d i d  not  pas s  over  t h e  b r i e f  segment immediately fol lowing t h e  mark, t h i s  



segment of  t h e  e a r l i e r  buzz record ing  was not  completely e rased  when t h e  

new buzz was w r i t t e n  over  it. A v i s i b l e  r e s idue  was l e f t  i n  t h e  spec t ro -  

gram and waveform. This  phenomenon i s  r e f e r r e d  t o  a s  "buzz-on-buzz" a s  

i nd ica t ed  i n  F igure  12b. 

Thus s e v e r a l  k inds  of evidence converge on t h e  conclusion t h a t  t h e  

i s o l a t e d  marks of  record-head width a r e  a c t u a l l y  record-head-on marks. 

The combined evidence a l s o  shows t h a t  t h e s e  marks s i g n i f y  t h e  beginnings 

of new record ing  ope ra t ions  t h a t  took p l a c e  a f t e r  t h e  record ing  had been 

stopped and t h e  t ape  moved backward. 

Another type  of event  i s  r e f e r r e d  t o  i n  Table I a s  t h e  K - 1  p u l s e .  

The i d e n t i f i c a t i o n  of t h i s  pu lse  depends p a r t l y  on t h e  d i s t i n c t i v e  

c h a r a c t e r  o f  t h e  pu l se  waveform and t h e  c l o s e  agreement between waveforms 

seen on t h e  Evidence Tape and those  produced i n  experimental tests wi th  

Uher r e c o r d e r s ,  inc luding  the  Exh ib i t  60 Uher. In  p a r t ,  a l s o ,  t h e  

i d e n t i f i c a t i o n  depends on t h e  time of  occurrence of t h e  pu l se  wi th  r e s p e c t  

t o  o t h e r ,  known marks. 

The combination of waveform shape and t ime of  occurrence i s  very  

s o l i d  evidence f o r  i d e n t i f y i n g  t h e  t h r e e  p u l s e s  a t  t imes 611.81, 683.72, 

and 1108.79 seconds a s  K-1 pu l se s  a s soc i a t ed  with record-off o p e r a t i o n s .  

The time of occurrence of K-1 p u l s e s  t h a t  a r e  a s soc i a t ed  wi th  record-on 

o p e r a t i o n s  i s  much more v a r i a b l e ,  b u t  suppor ts  t h a t  i d e n t i f i c a t i o n  f o r  

t h e  p u l s e s  a t  t imes 612.35, 686.65, and 1065.17 seconds. Technical  

Note 8 g i v e s  an account o f  the  o r i g i n  of K-1  p u l s e s  and shows t y p i c a l  

waveforms. I t  exp la ins  why any K - 1  p u l s e s  t h a t  a r e  found must be a t t r i b u t e d  

t o  keyboard ope ra t ions ,  and a l s o  why keyboard ope ra t ions  do n o t  always 

r e s u l t  i n  K-1 pu l se s  on the  tape .  

An event  without  tape  motion occurs  a t  time -2.92 seconds. This  

event  i s  c l e a r l y  v i s i b l e  i n  the i l l u s t r a t i o n s  o f  Technical Notes 2 and 3 

a s  an erase-head-off q u a r t e t  embedded i n  t he  recorded speech j u s t  be- 

f o r e  t h e  beginning of t h e  buzz. No record-head-off mark i s  found a t  t h e  

a p p r o p r i a t e  d i s t a n c e  ahead of  i t .  Such a combination could be made i n  

a t tempt ing  t o  s t a r t  a new segment by p r e s s i n g  t h e  RECORDING key bu t  

f a i l i n g  t o  hold it down u n t i l  a f t e r  t he  START key was pressed.  The de- 

t a i l s  of such a sequence a r e  given i n  Technical Note 3. 



Chapter I V  

DERIVATION OF CONCLUSIONS 

The Pane l ' s  s tudy of t he  a u t h e n t i c i t y  and i n t e g r i t y  of t h e  June 2 0 ,  

1972 Evidence Tape s t a r t e d  with t h e  formulat ion of t h e  ques t ions  and 

p lans  s e t  f o r t h  i n  Chapter I. Toward answering t h e  ques t ions ,  we used 

t e s t s  and ana lyses  descr ibed  i n  Chapter I1 t o  o b t a i n  f a c t u a l  d a t a  about 

t h e  t a p e  and t h e  magnetic s i g n a l s  on it, t h e  e l e c t r i c a l  and a c o u s t i c a l  

s i g n a l s  genera ted  by playback of t h e  t a p e ,  and t h e  p r o p e r t i e s  of t h e  re -  

cording equipment t h a t  was o r  might have been used on t h e  tape .  The 

r e s u l t s  of t h e s e  t e s t s ,  and o t h e r  ones descr ibed  i n  Technical Notes, 

c o n s t i t u t e  t h e  s o l i d ,  ob jec t ive  evidence t h a t  any person s k i l l e d  i n  

such t e s t s  can hea r ,  s e e ,  measure, and confirm. 

Chapter I11 shows how we combined t h e  t e s t  r e s u l t s  t o  i d e n t i f y  and 

expla in  even t s  on t h e  t ape  as  r e l a t e d  t o  t h e  p r o p e r t i e s  of s p e c i f i c  

elements i n  t h e  record ing  machine. Table I and Figure 11 summarize t h e  

events  chronologica l ly .  Using t h i s  chronologica l  sequence of events  a s  

a  guide,  we then  i n t e r p r e t e d  t h e  r e s u l t s  i n  terms of t h e  ope ra t ions  and 

c o n t r o l s  of t h e  recorder ,  toge ther  wi th  p l a u s i b l e  ope ra to r  a c t i o n s  t h a t  

would account f o r  t h e  o v e r a l l  p a t t e r n  of magnetic marks and o t h e r  d a t a  

obtained from t h e  Evidence Tape. 

A s  p i eces  of f a c t u a l  information accumulated, we began t o  s e e  how 

they might f i t  t oge the r  t o  form answers, o r  a t  l e a s t  t r i a l  answers, t o  

some of t h e  ques t ions .  In  t u rn ,  t h e  t r i a l  answers o r  hypotheses suggested 

f u r t h e r  t e s t s  and analyses  requi red  f o r  confirmation.  Through many such 

rounds of  t e s t ,  hypothes is ,  and t e s t  aga in ,  we converged upon a  s i n g l e ,  

s e l f - c o n s i s t e n t  s e t  of r e s u l t s ,  which we express  i n  t h e  form of  seven 

conclusions:  

1. The e r a s i n g  and recording ope ra t ions  t h a t  produced t h e  buzz 
s e c t i o n  were done d i r e c t l y  on t h e  Evidence Tape. 

2 .  The Uher 5000 recorder  des igna ted  Government Exhib i t  #60 
probably produced the  e n t i r e  buzz sec t ion .  



3. The e r a s u r e s  and buzz record ings  were done i n  a t  l e a s t  f i v e ,  
and perhaps a s  many a s  n ine ,  s epa ra t e  and cont iguous segments. 

4. Erasure and record ing  i n  a t  l e a s t  f i v e  p l aces  on t h e  t ape  r e -  
qu i red  hand ope ra t ion  of  keyboard c o n t r o l s  on t h e  Uher 5000 
machine. 

5. Erased p o r t i o n s  of t h e  t a p e  probably contained speech o r i g i n a l l y .  

6. Recovery of t h e  speech i s  no t  poss ib l e  by any method known t o  us. 

7.  The Evidence Tape, i n s o f a r  a s  we have determined, i s  an o r i g i n a l  
and not  a copy. 

The fol lowing s e c t i o n s  exp la in  t h e  p r i n c i p a l  d a t a  and t h e  l i n e s  of 

reasoning from which we de r ived  each of t h e  seven conclus ions ;  t h e  Technical  

Notes provide f u r t h e r  d e t a i l s  about f a c t u a l  d a t a  and i n t e r p r e t a t i o n s .  

1. The e r a s i n g  and record ing  opera t ions  t h a t  produced t h e  buzz 
s e c t i o n  were done d i r e c t l y  on t h e  Evidence Tape. 

Magnetic development of t h e  Evidence Tape revea led  t h a t  t h e  magnetic 

marks were not  a l l  of t h e  same width, S p e c i f i c a l l y  we observed q u a r t e t  

marks corresponding t o  Uher erase-head-off s i g n a t u r e s  t h a t  a r e  0.6 mm 

wider than  t h e  record-head marks. 

Magnetic r eco rde r s  a r e  designed s o  t h a t  t h e  e r a s e  head e r a s e s  a s l i g h t l y  

wider po r t ion  of t h e  t a p e  than  w i l l  l a t e r  be w r i t t e n  on by t h e  record head. 

Therefore under normal circumstances erase-head marks should show up wider 

than record-head marks. This  d i f f e r e n c e  i n  width would no t  be preserved 

i n  making a re - record ing  o r  "dubbing I' 

I n  a dubbing, t h e  playback head of a recorder  r eads  t h e  magnetic 

s i g n a l s  on an o r i g i n a l  t a p e  and feeds  t h e  information i n t o  a second re -  

corder .  The record head of t h e  second recorder  copies  t h e  information 

on to  a new tape .  Regardless of t h e i r  o r i g i n a l  width,  t h e  magnetic s i g n a l s  

w i l l  be copied onto t h e  new t a p e  with t h e  width of t h e  record ing  head on 

t h e  second machine, which i s  t h e  only width t h a t  t h e  record head can wr i t e .  

Thus t h e  presence of Uher erase-head marks t h a t  a r e  wider than  record- 

head marks means t h a t  t h e  buzz s e c t i o n  was produced d i r e c t l y  on t h e  Evidence 

Tape, 



Waveform a n a l y s i s  of the  e r a s e  and record s i g n a t u r e s  a r e  c o n s i s t e n t  

with t h e  v i s i b l e  marks revealed by magnetic development. However, wave- 

forms do no t  show t h e  width of t h e  o r i g i n a l  erase-head-off marks and 

thus  do no t  provide  add i t i ona l  information about  Conclusion 1. 

The f a c t  t h a t  t h e  Evidence Tape of June 20th was an o r i g i n a l  wi th  

r e spec t  t o  t h e  buzz po r t ion  does n o t ,  of course ,  g ive  any information 

about whether t h e  po r t ion  of t h e  t ape  conta in ing  conversa t iona l  ma te r i a l  

was a l s o  an o r i g i n a l  recording (see  Conclusion 7 ) .  

2 .  The Uher 5000 recorder  des igna ted  Government Exhib i t  #60 
probably produced t h e  e n t i r e  buzz sec t ion .  

Magnetic development of t he  buzz s e c t i o n  of  t h e  Evidence Tape 

provides s u f f i c i e n t  evidence t o  show t h a t  a Uher 5000 r a t h e r  than a 

Sony 800B produced t h e  buzz s i g n a l  on t h e  tape .  We r e s t r i c t e d  our  in-  

v e s t i g a t i o n  t o  t h e s e  two types of r eco rde r s  on t h e  b a s i s  of information 

given t o  u s  by a t t o r n e y s  f o r  t h e  White House and t h e  Spec ia l  Prosecut ion 

Force . 
The erase-head-off s igna tu re  ( q u a r t e t )  of t h e  Uher 5000 r eco rde r s  

t h a t  we have examined matches exac t ly  t h e  fou r - l i ne  p a t t e r n  t h a t  appears  

a t  s e v e r a l  p l a c e s  i n  t h e  buzz sec t ion  of t h e  tape .  The two-line e rase-  

head-off p a t t e r n  of  t h e  Sony 800B reco rde r s  does not  match. I n  add i t i on ,  

t he  Evidence Tape shows seve ra l  i n s t ances  of a q u a r t e t  fol lowing a record- 

head-off mark a t  a d i s t a n c e  of 28.6 mm. This spacing matches e x a c t l y  t h e  

d i s t ance  between t h e  e ra se  and record heads of  t h e  Exhib i t  60 Uher 5000, 

and not  t h e  corresponding d i s t ance  between t h e  e r a s e  and record heads of 

t h e  Sony 800B, which i s  about 24 mm. 

The d i f f e r e n c e s  between ind iv idua l  r eco rde r s  of t h e  same type  a r e  

much l e s s  ev iden t  than the  d i f f e r ences  between types .  A s  between t h e  

Exhib i t  60 Uher and t h e  Sec re t  Serv ice  Uher, t h e  ~ x h i b i t  60 Uher pro-  

duces f e a t u r e s  on a t ape  t h a t  much more c l o s e l y  resemble t h e  f e a t u r e s  

found on t h e  Evidence Tape. In f a c t ,  t he  Uher 60 matches c l o s e l y  enough 

t o  have been t h e  machine respons ib le  f o r  t h e  buzz s e c t i o n .  

The fol lowing t a b l e  g ives  a summary comparison of record ing  charac te r -  

i s t i c s  of t h e  Exh ib i t  60 Uher, t h e  Sec re t  Serv ice  Uher, and t h e  machine 

used t o  record  t h e  Evidence Tape. A l l  t h e  va lues  given i n  t h e  t a b l e  



were obtained by analyzing magnetic marks o r  e l e c t r i c a l  s i g n a l s  on a tape .  

For t h e  Exhib i t  60 and S e c r e t  Serv ice  Uhers, we made s p e c i a l  t a p e  record ings  

f o r  t h e  purpose of t h e  a n a l y s i s .  In  a d d i t i o n ,  we measured t h e  head geometry 

dimensions d i r e c t l y  on t h e  two machines. The r e s u l t s  confirmed t h e  cor res -  

ponding d a t a  obta ined  from t h e  t ape  recordings.  

Table I1 

COMPARISON OF RECORDER CHARACTERISTICS 

Head Geometry 

d i s t a n c e  between record head 
and e r a s e  head, i n  mi l l ime te r s  

e r a s e  head t r a c k ,  i n  mm 

record  head t r a c k  width,  i n  mm 

azimuth angle ,  i n  m i l l i r a d i a n s  

t o p  edge of t ape  t o  lower edge 
of recorded t r a c k ,  i n  mm 

Tape Speed - 
measured va lue ,  i n  mrn/sec 

percent  change from nominal 
va lue  of  23.8 mm/sec 
(15/16 in / sec )  

F l u t t e r  ~ r n ~ l i t u d e  

i n  p a r t s  per  thousand 
a t  f l u t t e r  frequency o f :  

Machine used t o  
Exh ib i t  60 record  buzz on S e c r e t  Service 

Uher Evidence Tape Uher 

24.4 25.3 

+2.6 bverage) 6.1 

(The ba r  It-I' means t h a t  t h e  f l u t t e r  amplitude a t  t h i s  frequency i s  equal  t o  
o r  l e s s  than t h e  noise  l e v e l  a t  t h i s  frequency.) 



The space between t h e  e ra se  and record head marks on t h e  Evidence 

Tape i s  28.6 mm. Head spacing on t h e  Exh ib i t  60 Uher i s  28.6 mm, and 

on t h e  S e c r e t  Serv ice  Uher i s  28.4 mm. Although t h e  measured d i f f e r e n c e  

i n  spac ing  a s  between t h e  two machines i s  smal l ,  it i s  s i g n i f i c a n t l y  

l a r g e r  than  t h e  s m a l l e s t  amount t h a t  can be measured. 

The width of t h e  erase-head-off mark i s  t h e  same f o r  t h e  two Uhers 

and t h e  Evidence Tape, wi th in  t h e  l i m i t s  o f  measurement, and t h e r e f o r e  

provides  no h e l p  i n  d i s t i n g u i s h i n g  between t h e  machines. The width of 

t h e  record-head mark i s  a l s o  t h e  same f o r  t h e  t h r e e  cases ,  b u t  t h e  Sec re t  

Serv ice  Uher has  t h e  e n t i r e  mark d i sp l aced  by 0.2 mm toward t h e  c e n t e r  of 

t h e  t ape ;  t h e  d i s t a n c e  from t h e  upper edge of t h e  t a p e  t o  t h e  lower edge 

of t h e  recorded t r a c k  on t h e  Evidence Tape i s  t h e  same a s  t h a t  of t h e  

Exhib i t  60 Uher, and i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of t h e  S e c r e t  

Serv ice  Uher. Hence, t h e  Exhib i t  60 Uher resembles t h e  Evidence Tape i n  

t h i s  r e s p e c t  whereas t h e  Secre t  Serv ice  Uher c l e a r l y  does not.  

The azimuth angle  f o r  t h e  Evidence Tape, which i s  t h e  angle  between 

the  magnetic marks and a l i n e  perpendicular  t o  t h e  d i r e c t i o n  of  t ape  

motion, does n o t  agree  exac t ly  with t h e  azimuth angle  f o r  e i t h e r  Uher. 

However, t h e  d i f f e r e n c e  is  l e s s  f o r  t h e  Exh ib i t  60 Uher. I n  any case ,  

t h e  d i f f e r e n c e s  a r e  c l o s e  t o  t he  l i m i t s  of accuracy of azimuth measure- 

ments on h a l f - t r a c k  recordings.  

Thus, geometr ica l  c h a r a c t e r i s t i c s  favor  t h e  choice of t h e  Exh ib i t  60 

Uher. Most of t h e  va lues  depend on screw-driver adjustments  t h a t  a r e  

made and sea l ed  dur ing  manufacture, and a r e  u n l i k e l y  t o  change dur ing  

normal s e rv i ce .  However, t h e  adjustments ,  e s p e c i a l l y  t h e  one f o r  azimuth, 

may be changed and r e s e a l e d ,  f o r  i n s t a n c e ,  dur ing  r e p a i r  o r  re-alignment. 

Inspec t ion  of t h e  s e a l s  on both t h e  Exhib i t  60 and Sec re t  Serv ice  Uhers 

showed no apparent  d i f f e r e n c e s  from t h e  fac tory- type  s e a l s  on another  

Uher 5000 t h a t  had been purchased new f o r  comparative t e s t s .  Hence, it 

i s  probable t h a t  both Uhers had t h e  same head geometry when we measured 

them a s  when they  l e f t  t h e  fac tory .  

Tape speed measurements a r e  not  h ighly  r e l i a b l e ,  because r eco rde r s  of 

t h e  Uher 5000 type  show some v a r i a t i o n  i n  speed wi th  warm-up and wi th  

power l i n e  vol tage .  Nevertheless ,  speed c h a r a c t e r i s t i c s  can be i n d i c a t i v e .  

In  t h i s  ca se  t h e  t a p e  speed r e s u l t s  match t h e  Evidence Tape more c l o s e l y  

wi th  t h e  Exh ib i t  60 Uher than t h e  Sec re t  Serv ice  machine. 



F l u t t e r  s p e c t r a  provide a d d i t i o n a l  support  f o r  t h e  conclus ion  t h a t  

t h e  Exhib i t  60 Uher was probably t h e  machine t h a t  produced t h e  buzz 

s e c t i o n  on t h e  Evidence Tape. F igure  9 ,  i n  Chapter 11, shows f l u t t e r  

sideband s p e c t r a  f o r  t h e  Exh ib i t  60 Uher, t h e  Sec re t  Serv ice  Uher, and 

t h e  machine t h a t  recorded t h e  Evidence Tape. The p a i r  of f l u t t e r  s ide -  

bands spaced a t  - + 3.0 Hz from t h e  fundamental component of t h e  buzz ( i . e . ,  

60 Hz) shows most c l e a r l y  t h e  d i f f e r e n c e  between t h e  Exh ib i t  60 Uher and 

t h e  Sec re t  Serv ice  Uher, and t h e  c l o s e  s i m i l a r i t y  between t h e  Exh ib i t  60 

Uher and t h e  machine t h a t  recorded t h e  buzz on t h e  Evidence Tape. 

The f l u t t e r  sideband s p e c t r a  a r e  t h e  same throughout t h e  buzz s e c t i o n  

of t h e  t ape ,  leading t h e  Panel t o  conclude t h a t  t h e  buzz s e c t i o n  w a s  l a i d  

down by j u s t  one recorder .  This  conclusion is s t rong ly  supported by t h e  

i n v a r i e n t  cha rac t e r  of t h e  spectrum of t h e  buzz i n  t h e  18.5 minute s e c t i o n  

of t h e  tape .  Spec t ra  obta ined  throughout t h e  buzz s e c t i o n  a r e  v i r t u a l l y  

i d e n t i c a l ,  which would n o t  be t r u e  i f  t h e  buzz was picked up and recorded 

by more than one recorder .  

In  t h i s  s ec t ion  we have r e l i e d  i n  p a r t  on measurements made us ing  

t h e  buzz t o  he lp  i d e n t i f y  t h e  machine t h a t  recorded it. The f a c t  t h a t  

buzz was recorded i s  not  i n  i t s e l f  i n d i c a t i v e  of which machine was used,  

s i n c e  a l l  of t h e  Uher r eco rde r s  t h a t  we t e s t e d  could be made t o  produce 

buzz. The Exhib i t  60 Uher d i f f e r e d  from t h e  o t h e r s  i n  t h i s  regard only 

i n  t h a t  it produced a h igher  l e v e l  of  buzz under some t e s t  cond i t i ons .  

With regard t o  t h e  source of t h e  buzz, it is h ighly  l i k e l y  t h a t  t h e  

buzz was der ived  from n o i s e  on t h e  110 v o l t ,  60-Hz e l e c t r i c a l  l i n e  t h a t  

powered t h e  recorder  dur ing  t h e  e r a s u r e  of t h e  t ape  and record ing  of  t h e  

buzz, J u s t  how t h e  no i se  was coupled t o  t h e  ampl i f i e r  t h a t  f e d  t h e  record 

head, which recorded t h e  buzz onto  t h e  t a p e ,  cannot be determined wi th  

c e r t a i n t y ,  There a r e  s e v e r a l  ways t h a t  hum and noise  r e l a t e d  t o  t h e  60 Hz 

power l i n e  could have been picked up by t h e  r eco rde r ,  t h e  most l i k e l y  being 

by d i r e c t  conduction through connect ion t o  t h e  power l i n e ,  and by pickup 

a t  an open microphone te rmina l .  

Even i f  no buzz had been recorded we would s t i l l  have been able t o  

i d e n t i f y  t h e  Exh ib i t  60 Uher a s  t h e  machine t h a t  e rased  t h e  18.5 minute 

s e c t i o n  of t h e  Evidence Tape. The d a t a  f o r  head spacing and t r a c k  o f f s e t  



shown in Table I1 would have been sufficient to make this identification. 

The data for flutter spectrum and tape speed that were obtained from 

analyses of the buzz serve to confirm the identification. Thus, the 

recording of buzz was, if anything, fortuitous for the purposes of this 

investigation. 

3. The erasures and buzz recordings were done in at least five, 
and perhaps as many as nine, separate and contiguous segments. 

The data obtained from the Evidence Tape by means of magnetic marks, 

waveforms, and related observations show that the buzz section contains 

at least the five contiguous segments identified in Table 111. Each of 

these segments starts with a record-head-on mark, and ends with a record- 

head-off mark that is followed by an associated erase-head-off mark at a 

time of 1.2 seconds later in playback time. Because all three of these 

marks are observed in connection with each of the five segments, we call 

them complete segments. 

In calling these segments contiguous, we mean that the erase-head-off 

mark at the end of each segment comes after the record-head-on mark that 

starts the subsequent segment. These relationships are seen in Table I 

of Chapter 111. Because each of these contiguous segments overlaps the 

adjacent ones, every part of the 18.5 minute buzz section has been sub- 

jected to recording of buzz or to erasure or to both. 

Within the segments, the tape carries evidence of four additional 

record-head-on marks, shown in parentheses in Table 111. These occur at 

Event Times 155, 1041, 1061, and 1065 seconds. However, the tape does 

not show accompanying erase-head-off and record-head-off marks, which 

presumably were erased by backing up the tape and recording over the marks, 

as in Figure 12b in Chapter 111. We interpret these additional marks to 

be the beginnings of four recording operations, which start what we call 

incomplete segments. Thus, the buzz section was almost surely recorded 

in at least nine separate start-and-stop operations, even though we con- 

sider the five complete segments to be established to a higher degree of 

certainty because of the distinctive character of the erase-head-off 

quartets that they contain. 



Table I11 

ANALYSIS OF SEGMENTS I N  BUZZ SECTION 

The t a b l e  shows t h e  t ime i n  seconds from t h e  s t a r t  of t h e  buzz s e c t i o n  
t o  t h e  beginning ( record  head ON) and ending ( record  head OFF) of f i v e  
i n t e r v a l s  of continuous buzz, and a l s o  shows t h e  du ra t ion  of those  in-  
t e r v a l s .  F igures  i n  parentheses  r e f e r  t o  o t h e r  t imes when a new record-  
ing  opera t ion  was s t a r t e d ,  overlapping t h e  previous buzz record ing  and 
e r a s i n g  i t s  OFF marks. A l l  f i g u r e s  g ive  playback t ime i n  seconds a t  a 
t a p e  speed of 24 mi l l ime te r s  p e r  second. 

Record Record Duration Duration Buzz 
Head Head of Buzz of Gap P lus  

Segment - ON OFF I n t e r v a l  a f t e r  Buzz Gap 

1 0.0 sec  48.25 s e c  48.25 s e c  0.30 sec  48.55 sec  

4 683.79 1041.53 357.74 0.55 358.29 

(1040.57) 

5 1042,08 1108.80 66.72 1.20 67.92 

(1061.39) 

(1064.93) 

To ta l  du ra t ion  of buzz s e c t i o n  1110.00 s e c  

Note t o  Table: 

The gaps shown i n  t h i s  Table a r e  t h e  same a s  those  i n  t h e  r ight-hand column 
of Table I ,  Chapter 111. The f i n a l  gap, a f t e r  Segment 5 ,  is of course  t h e  
i n t e r v a l  by which t h e  e r a s e  head always precedes t h e  record  head and so  
c o n t r i b u t e s  t o  t h e  t o t a l  d u r a t i o n  of t h e  buzz sec t ion .  F igure  12a shows 
how t h e  gaps r e s u l t  from forward displacement of t h e  t a p e  a f t e r  a segment 
ends and be fo re  t h e  next  one begins.  Figure 12b shows how over lapping  of 
two segments r e s u l t s  from backward displacement of t h e  tape .  



Figure 12 i n  Chapter I11 i l l u s t r a t e s  t h e  ways i n  which c e r t a i n  

recorder  ope ra t ions  and t a p e  motions produce t h e  k inds  of d a t a  t h a t  l e d  

t h e  Panel t o  i d e n t i f y  t h e  sepa ra t e  segments. A forward displacement of 

t h e  t a p e  between t h e  t u r n i n g  o f f  and t h e  t u r n i n g  on of a  record ing  opera- 

t i o n  produces a  p a t t e r n  of d a t a  l i k e  t h e  one seen a t  t h e  bottom of  F igure  12a. 

This  p a t t e r n  inc ludes  an e rased  gap, which i s  t h e  gap r e f e r r e d  t o  i n  t h e  

next  t o  l a s t  column i n  Table 111. The l eng th  of t h i s  gap is  t h e  amount 

by which t h e  t a p e  was r epos i t i oned  forward. The p a t t e r n  a l s o  inc ludes  

a  s e c t i o n  of buzz on speech, which i s  of t h e  same l eng th  a s  t h e  e r a sed  

gap. We i d e n t i f i e d  t h e  speech-l ike sound by us ing  spec t rographic  

a n a l y s i s  and by l i s t e n i n g .  A t  each p o i n t  on t h e  Evidence Tape where one 

complete segment joined an ad jacent  one,, t h e  t a p e  c a r r i e d  t h e  e n t i r e  p a t t e r n  

of d a t a  seen a t  t h e  bottom of  Figure 12a. 

F igure  12b shows t h e  p a t t e r n  of d a t a  produced when t h e  t a p e  i s  re -  

pos i t i oned  backward r a t h e r  than  forward before  t u r n i n g  a  record ing  opera- 

t i o n  back on again.  Here only one mark su rv ives ,  a  record-head-on mark, 

and it i s  followed by a  s e c t i o n  of buzz on buzz. This  i s  t h e  p a t t e r n  of  

d a t a  observed a t  t h e  beginning of each of t h e  four  incomplete segments 

d iscussed  above. 

I n  concluding t h a t  t h e  buzz s e c t i o n  was recorded i n  " sepa ra t e  and 

contiguous segments'' t h e  Panel used magnetic marks and t h e i r  a s soc i a t ed  

waveforms a s  t h e  primary evidence. This  conclusion was cor robora ted  by 

r e s u l t s  of t e s t s  on phase s h i f t s  i n  t h e  60 Hz powerline hum. Such phase 

s h i f t s  occur  a t  t hose  l o c a t i o n s  on t h e  t a p e  where magnetic marks and wave- 

forms i n d i c a t e  a  s t o p - s t a r t  opera t ion .  The phase s h i f t s  and t h e i r  p r e c i s e  

a s s o c i a t i o n  wi th  t h e  magnetic marks and waveforms provide  s t r o n g  evidence 

t h a t  s t o p s  and s t a r t s  d i d  indeed occur.  



In  Conclusion 3 ,  we d e a l t  exc lus ive ly  wi th  machine func t ions  i n  

expla in ing  t h e  buzz and d i s t i n c t i v e  marks and s i g n a l s  on t h e  Evidence Tape. 

In  Concl.usion 4 ,  we d e a l  p r i m a r i l y  w i th  a c t i o n s  performed by an o p e r a t o r  

i n  o r d e r  t o  cause c e r t a i n  even t s  observed on t h e  tape.  

Inspec t ion  of  t h e  c i r c u i t  diagram and of  t h e  e l e c t r i c a l  connect ions 

between t h e  evidence f o o t  peda l  and t h e  Exhib i t  60 Uher c l e a r l y  shows 

t h a t  no opera t ion  c o n t r o l l e d  by t h e  f o o t  peda l  a lone w i l l  p u t  t h e  r eco rde r  

i n t o  erase-record mode. This  observa t ion  i s  confirmed by d i r e c t  t r i a l .  

The f o o t  pedal  can c o n t r o l  only t a p e  motion: make t h e  t a p e  go forward 

a t  t h e  normal record/playback speed, go backward a t  high speed, o r  s top .  

A l l  o t h e r  func t ions  a r e  c o n t r o l l e d  by hand, us ing  t h e  keyboard o r  

o t h e r  manual devices  on t h e  recorder  i t s e l f .  I n  p a r t i c u l a r ,  manual opera- 

t i o n  of a keyboard c o n t r o l  i s  r equ i r ed  t o  pu t  t h e  recorder  i n t o  e r a se -  

record mode. Moreover, t h e  f o o t  peda l  cannot t a k e  t h e  machine o u t  of  

erase-record mode. I f  t h e  machine remains i n  record  mode, s topping  and 

s t a r t i n g  t h e  t ape  with t h e  f o o t  peda l  leaves  a d i s t i n c t i v e  s e t  o f  marks 

of a kind t h a t  we have no t  found on t h e  Evidence Tape ( see  Technical  Note 1). 

The RECORDING key l a t c h e s  mechanical ly  and can be r e l ea sed  only  by 

p re s s ing  some o t h e r  key, such a s  STOP o r  START. When t h e  RECORDING key 

i s  r e l e a s e d ,  OFF marks w i l l  be w r i t t e n  on t h e  t ape  by t h e  e r a s e  head. 

The record  head w i l l  a l s o  w r i t e  OFF marks i f  it i s  i n  con tac t  wi th  t h e  

t ape  when t h e  RECORDING key is r e l eased .  Thus, t h e  presence on t h e  t a p e  

of an OFF mark -- e s p e c i a l l y  t h e  h igh ly  d i s t i n c t i v e  q u a r t e t  from t h e  

e r a s e  head -- r e q u i r e s  hand ope ra t ion  of a Uher 5000 r eco rde r  i f  t h e  machine 

is ope ra t ing  normally. The p o s s i b i l i t y  t h a t  malfunct ioning of  t h e  recorder  

could have accounted f o r  a l l  t h e  d i s t i n c t i v e  marks and s i g n a l s  on t h e  

Evidence Tape i s  considered i n  Technical  Note 9 ,  and conclus ive ly  e l imina ted .  

Evidence of a d i f f e r e n t  kind provides  independent conf i rmat ion  of 

Conclusion 4.  The Uher 5000 r eco rde r  con ta ins  a mechanical swi t ch ,  

l a b e l l e d  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 t h e  keyboard of t h e  machine. The K-l. swi tch  

cannot be operated by an e x t e r n a l  c o n t r o l  such a s  a f o o t  pedal .  Fu r the r ,  

no kind of malfunction i n  t h e  e l e c t r o n i c s  of t h e  r eco rde r ,  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  c a p a c i t o r ,  can a c t u a t e  t h e  K-1 

switch. 



Operation of the K-1 switch, either opening it or closing it, generates 

a transient electrical pulse. If the machine is recording on tape when K-1 

is actuated, the pulse will be recorded as a brief, characteristic magnetic 

mark. The K-1 mark may, or may not, be sufficiently separated from other, 

stronger marks to be recognizable, depending on the exact way the keys 

were pressed. Thus magnetic marks that can be positively identified as 

K-1 marks provide unambiguous evidence of manual operation of keyboard 

controls. 

By making test recordings on a Uher 5000 recorder, the Panel produced 

magnetic marks known to be caused by the K-1 switch. The same kinds of 

marks were found at six places on the Evidence Tape. Waveform analysis 

corroborated the identification of these marks as K-1 pulses. The Panel 

considers that these six marks observed on the Evidence Tape strongly 

support Conclusion 4. 

Conclusions 3 and 4 taken together require that several sequences of 

manual operations were needed to produce the signals and marks observed 

in the buzz portion of the Evidence Tape. The Panel rejects the hypothesis 

that all the observed marks could have been caused by some combination of 

foot pedal operations after the machine had been put into erase-record 

mode and before it was returned to playback mode, i.e., that the buzz 

was produced as the result of a single depression of the RECORDING key. 

The presence of five or more distinctive erase-head-off marks argues 

strongly against this hypothesis, as does the absence of magnetic patterns 

characteristic of stop-start operations of the recorder by means of the 

foot pedal. 

In summary, the organization of the controls for the Uher 5000 re- 

corder is such that normal operation of a normal machine cannot result in 

an erase-record operation without using the manual keyboard or an equivalent 

hand-held control device. The existence of several erase-record operations, 

as attested by distinctive magnetic marks on the tape, necessarily implies 

corresponding sets of manual operations by the person using the recorder. 

Finally, the presence of certain electrical pulses made by the K-1 switch 

can be accounted for only if hand operation of the keyboard controls was 

involved. 



5. Erased p o r t i o n s  of t h e  t a p e  probably contained speech o r i g i n a l l y .  

Severa l  k inds  of evidence independent ly i n d i c a t e  t h a t  t h e  buzz s e c t i o n  

was recorded over  erased speech. The evidence r e l a t e s  t o  t h e  ope ra t ing  

c h a r a c t e r i s t i c s  of t h e  record ing  system, t o  t h e  p a t t e r n  of speech preceding  

and fol lowing t h e  buzz, and t o  t h e  presence of incompletely e rased  segments 

wi th in  t h e  buzz sec t ion .  

The system used t o  record t h e  conversa t ions  of June 20, 1972, on to  

the  Evidence Tape contained a  voice-operated swi tch ,  o r  VOX, t o  c o n t r o l  

t h e  recorder .  In  such a  system t h e  VOX s t a r t s  t h e  t ape  moving when people 

s t a r t  t a l k i n g  and s tops  t h e  t ape  dur ing  s i l e n t  pe r iods  of more than  a few 

seconds. Actua l ly  t h e  VOX responds t o  any sound t h a t  is a s  loud a s  speech 

and t h a t  l a s t s  f o r  more than a  f r a c t i o n  of  a  second. A s  long a s  t h e  VOX 

i s  ope ra t ing  normally,  t h e  t ape  cannot move very f a r ,  c e r t a i n l y  not  t h e  

87 f e e t  (27 meters )  corresponding t o  18.5 minutes,  un le s s  speech o r  equi -  

v a l e n t  sound i s  present .  

Was t h e  VOX ope ra t ing  normally? Was it ac tua ted  by speech o r  by some 

o t h e r  kind of  sound? We t e s t e d  t h e  VOX t h a t  had been used i n  connect ion 

with t h e  record ing  of t h e  Evidence Tape and found t h a t  it performed a s  it 

was supposed t o .  Fu r the r ,  we examined t h e  e n t i r e  t ape  i t s e l f  f o r  p o s s i b l e  

s i g n s  of VOX malfunction. We d i d  t h i s  wi th  t h e  t ape  running a t  f o u r  t imes  

normal speed, i n  o rde r  t o  honor t h e  c o n f i d e n t i a l i t y  of t he  recorded con- 

ve r sa t ions .  We found no abnormal gaps. 

In another  t e s t ,  by making allowances f o r  t h e  e f f e c t  of t h e  high- 

speed playback on t h e  sound q u a l i t y ,  we were a b l e  t o  i d e n t i f y  sounds of  

speech throughout t h e  l eng th  of t h e  t a p e  except  f o r  t h e  p a r t  occupied by 

t h e  buzz sec t ion .  Since t h i s  s e c t i o n  occupies  only a  small  f r a c t i o n  of 

t h e  e n t i r e  t a p e ,  about 1/20, t h e  absence of speech under t h e  buzz would be 

s t a t i s t i c a l l y  unl ike ly .  

We made a  more d e t a i l e d  s t a t i s t i c a l  t e s t  on t h e  67-minute s e c t i o n  t o  

which we were permi t ted  t o  l i s t e n .  We s tud ied  t h e  conversa t iona l  p a t t e r n  of 

t h e  speech by us ing  spectrograms t o  i d e n t i f y  VOX i n t e r r u p t i o n s  and then  

measuring t h e  du ra t ions  of t h e  t a l k i n g  pe r iods  i n  between. We found an 

average va lue  of about 5 i n t e r r u p t i o n s  pe r  minute of p lay ing  t ime,  which 

means an average t a l k i n g  per iod  of about 1 2  seconds between s i l e n c e s  

s u f f i c i e n t  t o  l e t  t h e  VOX t u r n  o f f .  This  average va lue  remained c o n s t a n t  



throughout t h e  20  minutes before  t h e  buzz s e c t i o n  and t h e  2 9  minutes  a f t e r  

t h e  buzz sec t ion .  This  r e s u l t  i n d i c a t e s  s t a t i s t i c a l l y  t h a t  t h e  VOX was 

ope ra t ing  normally on conversa t ion  before  and a f t e r  t h e  buzz and, t h e r e f o r e ,  

was probably ope ra t ing  normally a l s o  during t h e  record ing  of t h a t  po r t ion  

of t h e  t ape  now occupied by t h e  buzz. 

Figure 13 i l l u s t r a t e s  an e n t i r e l y  d i f f e r e n t  kind of evidence. A t  

t h r e e  p l aces ,  a  small  s t r e t c h  of t a p e  was no t  e rased  i n  t h e  course  of re -  

cording t h e  buzz sec t ion .  The f i r s t  p l ace  occurs  a t  t h e  very beginning of 

t h e  buzz s e c t i o n ,  where t h e  s t r e t c h  of 1 . 2  seconds, o r  28.6 m i l l i m e t e r s  along 

t h e  t a p e ,  was p a r t i a l l y  e rased  by t h e  recording head a s  it recorded t h e  buzz, 

b u t  was untouched by t h e  e r a s e  head. The r e s u l t i n g  "window" c o n t a i n s  a  

spec t rographic  p a t t e r n  of speech t h a t  i s  concluding an ongoing sentence.  

Two o t h e r  windows, of 0.3 and 0.55 seconds du ra t ion ,  r e s p e c t i v e l y ,  show 

up a s  a  r e s u l t  of forward motion of  t h e  t ape  by those  amounts between t h e  

s topping  and t h e  s t a r t i n g  of t h e  r eco rde r  i n  erase-record mode. Through- 

ou t  t h e  18.5 minute s e c t i o n ,  t h e s e  t h r e e  windows a r e  t h e  only  p l a c e s  where 

any r e s i d u a l  speech could have survived i f  speech had been p r e s e n t  under 

t h e  buzz. A l l  t h r e e  windows do i n  f a c t  show speech-l ike s p e c t r a  and they  

sound speech-l ike i n  a l i s t e n i n g  t e s t .  This  makes it seem l i k e l y  t h a t  

speech was p re sen t  o r i g i n a l l y  i n  o t h e r  p a r t s  of t h e  buzz s e c t i o n  a l s o .  

The windows and t h e i r  con ten t s  imply t h a t  t h e  buzz we observe was l a i d  

down d i r e c t l y  over speech. But we can be reasonably s u r e  about  t h i s  only 

near  t h e  beginning and ending of t h e  buzz sec t ion .  The r e s t  o f  t h e  buzz 

s e c t i o n  con ta ins  no evidence t o  exclude erase-record ope ra t ions  t h a t  might 

have preceded t h e  ones we have measured and repor ted .  

In  summary, s e v e r a l  kinds of evidence converge on t h e  conclus ion  t h a t  

t h e  buzz sec t ion  of t h e  Evidence Tape probably contained speech o r i g i n a l l y .  
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Figure 13. Spectrograms o f  speech-like sounds in windows. 

These spectrograms show frequency on a logarithmic scale,  whereas 
those i n  Technical Note 3 use a l inear  scale; see page TN 3.46.  



6. Recovery of the speech is not possible by any method known to us. 

When the 18.5 minute buzz section was recorded, the erasing head of 

the recording machine eliminated virtually all the original signals on 

that section of the tape. Just the erasure by itself would have made 

the recovery of previously recorded signals essentially impossible. The 

presence of the buzz, which masks any signals that survived erasure, com- 

pounds the difficulty of recovery. A double-gap erasing head, which the 

quartet marks and other evidence show was used, erases with great thorough- 

ness. Further, erasure is especially effective at the low speed of 24 

millimeters per second (15/16 inch per second). 

Nevertheless the Panel investigated several techniques for the 

possible recovery of speech. None was successful. We used a very narrow 

playback head in an attempt to pick up signals along the extreme outer 

edge of the tape, where erasure conceivably could have been incomplete. 

We detected only buzz noise. 

In another attempt, we used an electronic "comb filter" to reduce 

the strength of the hum components that make up the buzz. We applied 

this filtering to the three short "window" segments where speech-like 

sounds show up on spectrograms. In yet another attempt, we subtracted 

hum signals digitally. These filtering techniques allowed us to perform 

listening tests and spectrum analysis on the window signals with much less 

interference. These tests further convinced us of the decidedly speech- 

like character of the sounds, though we were still unable to understand 

anything that might have been said. 

Several interested persons outside the Panel suggested various 

techniques for recovering speech from an erased tape. One possibility 

would involve the use of X-ray diffraction to observe patterns in the 

magnetic domain structure. Although this idea offers an interesting 

research problem, we did not pursue it because it would take months if 

not years to accomplish and in our opinion would have a negligible chance 

of yielding results of value to our investigation. 

Another possiblity would involve trying to detect magnetic skew, 

a distortion of the domain structure brought about by the off-axis 

magnetic field of the record head. Skew becomes gradually "annealed" 

into a permanent shift, which suggests that it might be possible to 



d i s t i n g u i s h  between s i g n a l s  recorded a t  two d i f f e r e n t  t imes a year  a p a r t .  

However, t h e  t e s t  would des t roy  some evidence because skew d e t e c t i o n  re -  

q u i r e s  t h e  e r a s u r e  of t h e  normal magnetic s i g n a l s  on t h e  tape .  S ince  t h e  

chance of  success  appeared n e g l i g i b l e ,  we d i d  n o t  pursue t h i s  approach. 

7.  The Evidence Tape i n s o f a r  a s  we have determined i s  an o r i g i n a l  
and no t  a copy. 

This  conclusion i s  based p r imar i ly  on l a c k  of evidence t h a t  might 

r a i s e  s e r i o u s  ques t ions  about t h e  Evidence Tape. We examined c e r t a i n  

obvious, even i f  u n l i k e l y ,  p o s s i b i l i t i e s .  Measurement showed t h a t  t h e  

t o t a l  l eng th  of  t h e  t a p e  was wi th in  t h e  normal range f o r  t a p e s  so ld  a s  

1800 f e e t  (550 m e t e r s ) .  Thus we assumed t h a t  no s u b s t a n t i a l  p a r t  had 

been detached. We found no phys i ca l  s p l i c e s .  The beginning and end of  

t h e  record ing  contained no anomalous s i g n a l s  such a s  might be a s s o c i a t e d  

with re-recording.  A s i n g l e  erase-head-off s i g n a t u r e  of t h e  c o r r e c t  width 

t o  have been made by a Sony 800B reco rde r  was found a t  t h e  end of t h e  

Evidence Tape, i n d i c a t i n g  t h a t  t h e  t a p e  had been recorded on a machine 

of t h e  type  used i n  t h e  Exeuctive Of f i ce  Building system. 

We examined t h e  t ape  f o r  any spur ious  tones  o r  hum s i g n a l s  t h a t  

might have been added i f  t h e  t ape  had been re-recorded. We would expect  

such tones  t o  remain e s s e n t i a l l y  unchanged throughout t h e  l eng th  of t h e  

tape.  We found no evidence of such a d d i t i o n a l  tones.  

In our  e a r l y  t e s t s ,  we observed some i n i t i a l l y  suspec t  f e a t u r e s  on 

t h e  Evidence Tape. Where t h e  VOX had s t a r t e d  and stopped t h e  t a p e ,  t h e  

s i g n a l  "scooped" down t o  a lower frequency i n  a way t h a t  suggested an 

abnormality of some kind. However, i n  our  f u r t h e r  t e s t s  on t h e  Sony 800B 

reco rde r s  used i n  t h e  White House o f f i c e s ,  we found one machine t h a t  

operated wi th  a s l i g h t  abnormality and produced f e a t u r e s  much l i k e  t h o s e  

observed on t h e  Evidence Tape. The machine d i d  n o t  exac t ly  match t h e  

scoops and o t h e r  observable marks on t h e  Evidence Tape s o  we could n o t  

conclude wi th  c e r t a i n t y  t h a t  it was t h e  same machine t h a t  was used t o  

record t h e  Evidence Tape. S t i l l ,  t h e  scoops produced by t h e  machine were 

c lose  enough i n  c h a r a c t e r  t o  those  on t h e  Evidence Tape t h a t  t h e  Panel  

was convinced t h a t  an abnormal recorder  and not  a re-recording ope ra t ion  

was r e spons ib l e  f o r  t h e  scoops. 



8. Explanat ion of  t h e  buzz s e c t i o n  

These seven conclus ions ,  which we f i r s t  r epo r t ed  t o  t h e  Court 02 

January 15, 1974, f i t  t oge the r  t o  form a s i n g l e ,  c o n s i s t e n t  exp lana t ion  

of t h e  buzz s e c t i o n  on t h e  EOB Tape of June 20, 1972: 

The e ra su re  of  t h e  18.5 minutes of speech and 

concurrent  record ing  of  buzz i n  i t s  p l ace  was 

done on a Uher 5000 r eco rde r ,  probably t h e  one 

l abe l ed  Government Exh ib i t  60. The record ing  was 

s t a r t e d  and stopped s e v e r a l  t imes by t h e  pushing 

of keys on t h e  keyboard of t h e  machine. Sometimes 

t h e  t ape  was r epos i t i oned  backward o r  forward by a 

small  amount before  record ing  was resumed. The 

buzz sound probably o r i g i n a t e d  i n  hum and no i se  

der ived  from t h e  power l i n e  t h a t  suppl ied  e l e c t r i c a l  

power t o  t h e  recorder .  

When viewed a p a r t  from t h e  t o t a l  body of d a t a ,  c e r t a i n  i n d i v i d u a l  

marks on t h e  Evidence Tape might be accounted f o r  i n  ways o t h e r  t han  we 

have descr ibed.  However, only one explana t ion ,  t h e  one given h e r e ,  accounts 

f o r  t h e  d a t a  i n  t h e i r  e n t i r e t y  and t h e  p a t t e r n s  they form. Every p o s s i b l e  

a l t e r n a t i v e  t h a t  we considered,  i nc lud ing  those  proposed by o t h e r  persons ,  

ignores  one o r  more v i t a l  a spec t s  of our  t o t a l  f ind ings .  Our confidence 

i n  t h e  seven conclus ions  is based on t h e  p l a u s i b i l i t y  and se l f -cons is tency  

of t h e  expl.anation, t h e  thoroughness of  t h e  t e s t s  and ana lyses ,  and t h e  

f a i l u r e  of any o t h e r  a l t e r n a t i v e  known t o  us  t o  y i e l d  a f a c t u a l l y  coherent  

and complete account. 



Appendix A 

INFORMATION AND EVIDENCE MATERIALS SUPPLIED TO THE PANEL 

Cer t a in  information was provided t o  t h e  Panel i n  i t s  i n i t i a l  b r i e f -  

ing  and a t  va r ious  l a t e r  t imes by t h e  Court and t h e  two l e g a l  s t a f f s .  

This  information can be summarized, a t  l e a s t  a s  t o  type ,  under t h e  follow- 

ing  headings : 

Recording i n s t a l l a t i o n  i n  t h e  Executive Off ice  Building. 

Severa l  min ia ture  microphones i n  t h e  P r e s i d e n t ' s  o f f i c e  
were connected t o  t h e  s i g n a l  i npu t  of a Sony 800B re-  
corder .  The s i g n a l  from t h e  microphones a l s o  opera ted  
a voice-actuated switch (VOX) which s t a r t e d  and stopped 
t h e  t a p e  motion of t h e  Sony recorder .  Two reco rde r s  were 
used, one o r  t h e  o t h e r  being enabled on a l t e r n a t e  days 
(except  on weekends) by a c lock-cont ro l led  switch. Only 
Sony 800B reco rde r s  were used i n  t h e  Executive Off ice  
Building system. No c i r c u i t  drawing was provided. 

Normal Operating Procedures. The record ing  system was 
opera ted  and maintained by t h e  S e c r e t  Service.  The Panel 
rece ived  genera l  information about  t h e  layout  of t h e  system 
and ope ra t ing  procedures.  Apparent ly ,de ta i led  records  on t h e  
assignment of p a r t i c u l a r  r e c o r d e r s  and t h e  d e t a i l s  of main- 
tenance and r e p a i r  were not kept .  

White House Off ice  Equipment. The Sec re t  Serv ice  provided 
t h e  White House with a Uher 5000 r eco rde r  (Exhib i t  6 0 ) ,  
equipped with a F i d e l i t a p e  foot-pedal  c o n t r o l  (Exhib i t  6 0 B )  
f o r  t h e  purpose of t r a n s c r i b i n g  tapes .  Before we rece ived  
t h e  r eco rde r ,  it was twice modified by t h e  Sec re t  Serv ice ,  
once t o  d i s a b l e  i t s  recording func t ion ,  and again t o  r e s t o r e  
t h i s  func t ion .  A h igh - in t ens i ty  lamp and an e l e c t r i c  type- 
w r i t e r  from t h e  White House were a l s o  provided f o r  t e s t  a s  
p o s s i b l e  sources of t h e  buzzing sound on t h e  Evidence Tape. 
Access t o  t h e  o f f i c e  was arranged on one occasion f o r  t e s t s  
of l o c a l  i n t e r f e r e n c e  on t h e  e l e c t r i c  power l i n e s .  



Transc r ip t  o f  Testimony. We were given t r a n s c r i p t s  of p u b l i c  
testimony be fo re  t h e  Court dea l ing  wi th  t h e  buzz s e c t i o n  of 
t h e  Evidence Tape. 

The p r i n c i p a l  it.ems of equipment provided by t h e  Court were as 

fol lows : 

2 - Voice-operated switches 

2 - Shure mixers 

2 - Clock-operated switches 

3 - Sony 800B reco rde r s ,  marked "EOB" 

4 - Sony 800B reco rde r s ,  marked "Oval Off ice"  

(One of t h e  seven Sony's was inope ra t ive  and was 
no t  used i n  our  t e s t s .  ) 

1 - Uher 5000 r eco rde r ,  marked "Exhibi t  60" 

1 - Uher 5000 r eco rde r ,  marked "Secre t  Serv ice"  

1 - F i d e l i t a p e  f o o t  peda l ,  marked "Exhibi t  60B" 

2 - Voice c o n t r o l  systems 

1 - E l e c t r i c  t ypewr i t e r  

1 - High- in tens i ty  lamp 



Appendix B 

PROCEDURES AND PRECAUTIONS USED IN EXAMINING THE TAPES 

Whenever the Panel was conducting tests on the actual Evidence 

Tape and on recorders introduced into evidence, we carefully observed 

certain precautions. Two or more Deputy U. S. Marshals were present 

throughout the testing of the Evidence Tape. A Marshall watched over 

the tape at all times. 

Staff members of the Office of the Counsel to the President and of 

the Special Prosecutor's Office were present whenever the Panel was 

examining the Evidence Tape. We gave these persons whatever informa- 

tion they wished to have concerning our ongoing studies, and we did 

our best to keep them informed about our tests and results. 

We were permitted to make measurements on the entire Evidence Tape 

of June 20, 1972. However, our listening to the tape was restricted to 

a marked portion that included the buzz section, about 20 minutes of 

conversation preceding the buzz section, and about 29 minutes of con- 

versation following the buzz section. Whenever we played back other parts 

of the Evidence Tape, we dldso at four times normal speed, in order to 

protect the privacy of the recorded conversation. 

We made copies of the marked portion containing the buzz, for our 

use in studies that did not require the actual Evidence Tape. No re- 

striction was imposed on our use of these copies other than the general 

instruction to the Panel to regard its work for the Court as confidential. 



The recorders  and o t h e r  items of equipment provided by the  Court 

f o r  our use were l ikewise under constant  supervision by Deputy U. S. 

Marshals. For some of t h e  t e s t s ,  we wished t o  a d j u s t  o r  p a r t i a l l y  

disassemble recorders  of t h e  same type. For t h i s  reason, and t o  

minimize our demands on t h e  time of the  Deputy Marshals, we purchased 

new recorders and used them i n  our t e s t s  whenever poss ib le .  



Appendix C 

PROFESSIONAL BIOGRAPHIES OF THE PANEL MEMBERS 

A diversity of skills and specialized knowledge is required in the 

analysis and authentication of a tape recording. This diversity is re- 

flected in the choice of the six Panel members, each of whom brings to 

the task a different background of needed specialization combined with 

a general, shared background of scientific and engineering competence. 

All members of the Panel have in-depth experience and first-hand 

familiarity with the theory and practice of speech recording. More im- 

portantly, however, all Panel members have the necessary backgrounds in 

mechanics, acoustics, electronics, and magnetic phenomena to understand 

the complex interrelationships between sounds and sound-recording devices. 

All Panel members are broadly experienced in making physical measurements 

and interpreting technical data in connection with research and experi- 

mentation. 

Each member of the Panel brought to this task specific capabilities 

and a depth of understanding in one or more specialized areas, including 

the following: instrumentation of data acquisition systems; analysis of 

acoustic waveforms in the time and frequency domains; recovery of speech 

from background noise; use of digital computers to process and analyze 

electronic signals; theory of phonetics and speech production. 

The professional biographies that follow summarize the education and 

experience of the six Panel members, with emphasis on aspects relevant 

to this task. 



Richard H. Bolt 

Dr. Bolt is Chairman of the Board of Bolt Beranek and Newman Inc., 

a research, consulting, and development company founded in 1948 and 

specializing in acoustics and computer technology. 

He received a Ph.D. in physics in 1939 from the University of 

California, pursued post-doctoral work under a National Research Council 

Fellowship, and taught physics at the University of Illinois. At the 

Massachusetts Institute of Technology during World War 11, he was 

Technical Director of the Underwater Sound Laboratory, which developed 

mechanical. noise-making devices used by the U. S. Navy to sweep acoustic 

mines. 

He established the M.I.T. Acoustics Laboratory in 1945 and served 

as its Director until 1958. Also at M.I.T. he has held positions of 

~ssociate Professor of Physics, Professor of Acoustics, and Lecturer in 

Political Science. He was Associate Director of the National Science 

Foundation and Director of NSF's Science Resources Planning Office from 

1960 to 1963. During 1963-64 he was a Fellow in the Center for Advanced 

Study in Behavioral Sciences at Stanford. 

Dr. Bolt is a Fellow of the Acoustical Society of America, chairman 

of its Coordinating Committee on Environmental Acoustics, Past President 

(1949-50) of the Society, and recipient of the Society's biennial award 

in 1942 for noteworthy contributions to acoustics. He was the first 

President of the International Commission on Acoustics and has served on 

the Governing Board of the American Institute of Physics, the NASA Committee 

on Operating Problems, and the Commission on Engineering Education. At 

present he serves on the Board of Directors of the American ~ssociation 

for the Advancement of Science, the NPA Committee on National Goals and 

Resources, and the Trustees Council of the University of Massachusetts. 

He is a Fellow of the Institute of Electrical and Electronic Engineers, 

the American Physical Society, and the American Academy of Arts and Sciences. 

He is a member of Phi Beta Kappa, Sigma Xi, Eta Kappa Nu, and the Cosmos 

Club. 



He is co-author of Sonics, an internationally used book on mechanical 

and electrical systems for industrial applications of sonic energy, and 

he has contributed to a number of other books and publications. He is 

the author of many reports and more than 70 technical papers on topics 

such as sound waves in enclosures, pulse statistics, speech intelligibility, 

and speaker identification by use of spectrograms. 

Franklin S. Cooper 

Franklin S. Cooper has served as President and Research Director 

of Haskins Laboratories since 1955. Prior to that, from 1939-1955, he 

was Associate Research Director of the Laboratories. 

He received his B.S. in ~ngineering Physics (honors) at the ~ n i -  

versity of Illinois, 1931, and Ph.D. in Physics at Massachusetts Institute 

of Technology, 1936. He served as teaching and research assistants at 

both institution (Illinois, 1931-34; M.I.T., 1934-36). 

During World War 11, he served (on partial leave from Haskins 

Laboratories) in the National Defense Research Committee and the Office 

of Scientific Research and Development as Liaison Officer, 1941-1943, 

and as Senior Liaison Officer (in charge) 1943-1946. He was awarded 

the President's Certificate of Merit, 1948. 

Since 1949 the major part of Dr. Cooper's research activities has 

centered around the acoustic and articulatory nature of speech and the 

perceptual processes involved in its reception. Much of his research 

has involved use of synthetic speech based on spectrographic displays 

and controlled psychological testing to find the acoustic cues for the 

perception of the phonemes of American English and various other languages. 

This work has led to other research directed more broadly to the relations 

between speech production and perception and to relationships between 

speaking and reading. The development of new instrumentation for such 

research has been a continuing part of his career. He has co-authored 

some forty technical publications in speech-related areas. His research 

in other fields has resulted in more than twenty other technical papers. 



Other  s c i e n c e - r e l a t e d  a c t i v i t i e s  i n c l u d e  s e r v i c e  a s  a s t a f f  member 

of Survey of Research i n  I n d u s t r y ,  N a t i o n a l  Research Counc i l ,  1940;  

S c i e n t i f i c  C o n s u l t a n t  t o  t h e  Atomic Energy Commission Group, Uni ted  

Nat ions  S e c r e t a r i a t ,  1946-47; C o n s u l t a n t ,  O f f i c e  o f  t h e  S e c r e t a r y  o f  

Defense,  1949-50; V i s i t i n g  Committee o f  t h e  Modern Language Department,  

Massachuse t t s  I n s t i t u t e  o f  Technology, 1952-55; Advisory Committee o f  

t h e  Research D i v i s i o n  o f  t h e  Col lege  o f  Engineer ing  o f  New York Uni- 

v e r s i t y ,  1949-1965; Adjunct  P r o f e s s o r  o f  P h o n e t i c s ,  Columbia U n i v e r s i t y ,  

1955-1966; Fel low of  t h e  Cen te r  f o r  Advanced Study i n  t h e  Behav iora l  

S c i e n c e s ,  1964-65; T r u s t e e ,  C e n t e r  f o r  Appl ied L i n g u i s t i c s ,  1969-1974; 

Member o f  Communicative S c i e n c e s  Study S e c t i o n ,  N a t i o n a l  I n s t i t u t e s  o f  

H e a l t h ,  1964-1968, 1974- ; Adjunct  P r o f e s s o r  o f  L i n g u i s t i c s ,  U n i v e r s i t y  

o f  Connec t icu t ,  1969- , and S e n i o r  Research A s s o c i a t e  i n  L i n g u i s t i c s ,  

Yale U n i v e r s i t y ,  1971- . He i s  a  member of t h e  I n s t i t u t e  o f  E l e c t r i c a l  

and E l e c t r o n i c s  Engineers  ( F e l l o w ) ,  A c o u s t i c a l  S o c i e t y  o f  America ( F e l l o w ) ,  

American Speech and Hear ing A s s o c i a t i o n ,  L i n g u i s t i c  S o c i e t y  o f  America, 

Sigma X i ,  Counci l  on Fore ign  R e l a t i o n s ,  and t h e  Cosmos Club (Washington) .  

S c i e n t i f i c  awards i n c l u d e  Honors o f  t h e  American Speech and Hear ing  

A s s o c i a t i o n  and P ioneer  i n  Speech Communication, I n s t i t u t e  o f  E l e c t r i c a l  

and E l e c t r o n i c s  Engineers .  

James L. Flanaaan 

James Flanagan j o i n e d  B e l l  L a b o r a t o r i e s  i n  1957 a f t e r  comple t ing  

p o s t - d o c t o r a l  s t u d y  a t  t h e  Massachuse t t s  I n s t i t u t e  o f  Technology. I n  

1961 he became Head of  t h e  Speech and Audi tory  Research Department,  and 

i n  1967 he  was made Head o f  t h e  A c o u s t i c s  Research Department. He 

c u r r e n t l y  d i r e c t s  t h e  r e s e a r c h  o f  approx imate ly  30 s c i e n t i s t s ,  e n g i n e e r s  

and t e c h n i c i a n s  working i n  communications and computer t e c h n i q u e s .  

D r .  Flanagan r e c e i v e d  t h e  Sc.D. d e g r e e  and t h e  S.M. d e g r e e ,  b o t h  i n  

e l e c t r i c a l  e n g i n e e r i n g ,  from t h e  Massachuse t t s  I n s t i t u t e  o f  Technology. 

He r e c e i v e d  t h e  B.S. d e g r e e ,  a l s o  i n  e l e c t r i c a l  e n g i n e e r i n g ,  from 

M i s s i s s i p p i  S t a t e  U n i v e r s i t y .  He s e r v e d  i n  t h e  U. S. A i r  Force  i n  

non-commissioned and commissioned g r a d e s .  



H i s  t e c h n i c a l  i n t e r e s t s  have c e n t e r e d  on v o i c e  communication and 

d i g i t a l  t e c h n i q u e s  f o r  s i g n a l  a n a l y s i s  and t r a n s m i s s i o n .  He h a s  been 

concerned w i t h  s i g n a l  p r o c e s s i n g  methods f o r  bandwidth c o n s e r v a t i o n ,  and 

w i t h  fundamental  a c o u s t i c a l  s t u d i e s  o f  speech and human h e a r i n g .  

He h o l d s  approx imate ly  30 U. S. p a t e n t s  i n  t h e  f i e l d s  o f  speech- 

cod ing ,  d i g i t a l  p r o c e s s i n g  and underwater  a c o u s t i c s ,  and h a s  p u b l i s h e d  

some 90 t e c h n i c a l  p a p e r s  i n  t h e s e  and r e l a t e d  f i e l d s .  He i s  t h e  a u t h o r  

o f  a  book 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 ,  which h a s  been 

t r a n s l a t e d  i n t o  Russian and Spanish.  

D r .  Flanagan i s  a Fel low o f  t h e  I n s t i t u t e  o f  E l e c t r i c a l  and E l e c t r o n i c  

Engineers ,  a  Fe l low o f  t h e  A c o u s t i c a l  S o c i e t y  o f  America, a  member o f  t h e  

Board o f  Governors o f  t h e  American I n s t i t u t e  o f  P h y s i c s ,  and a  member o f  

Tau Beta P i  and Sigma X i .  He h a s  s e r v e d  on and headed a number o f  boards  

f o r  government o r g a n i z a t i o n s  and p r o f e s s i o n a l  s o c i e t i e s ,  i n c l u d i n g  com- 

m i t t e e s  o f  t h e  N a t i o n a l  Academy o f  S c i e n c e s  and N a t i o n a l  Academy o f  

Engineer ing.  

John G. McKnight 

M r .  McKnight i s  a  c o n s u l t a n t  i n  magnet ic  r e c o r d i n g ,  a u d i o  sys tems,  

and a u d i o  s t a n d a r d i z a t i o n .  He a l s o  s e r v e s  a s  Vice  P r e s i d e n t  o f  Engineer ing  

f o r  t h e  Magnetic Reference Laboratory  (MRL) i n  P a l o  A l t o ,  C a l i f o r n i a .  

He r e c e i v e d  a Bachelor  of Sc ience  d e g r e e  i n  e l e c t r i c a l  e n g i n e e r i n g  

a t  S t a n f o r d  U n i v e r s i t y  i n  1952. Upon g r a d u a t i o n ,  he  j o i n e d  Arnpex Corpora- 

t i o n  where he was invo lved  i n  t h e  d e s i g n  and development o f  a u d i o  t a p e  

r e c o r d e r s .  With t h e  U. S. Army from 1953-56, M r .  McKnight worked i n  t h e  

Armed Forces  Radio S e r v i c e  S t u d i o  i n  New York C i t y  a s  a n  o p e r a t o r  o f  

sound-recording equipment.  He r e t u r n e d  t o  Ampex Corpora t ion  i n  1956 

and se rved  i n  a number o f  t h a t  company's d i v i s i o n s  b e f o r e  becoming a  

p r i v a t e  c o n s u l t a n t  i n  1972. While a t  Ampex, M r .  McKnight was invo lved  

i n  many a s p e c t s  o f  r e s e a r c h ,  e n g i n e e r i n g ,  and d e s i g n  r e l a t e d  t o  magnet ic  

t a p e  r e c o r d i n g  sys tems  and t h e i r  e lements .  He i s  t h e  a u t h o r  o f  more t h a n  

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



of s t anda rds  on audio f l u t t e r  measurement and t ape  f l u x  measurement pub- 

l i s h e d  by t h e  American National  Standards I n s t i t u t e .  

He i s  a member of numerous sound-recording s tandards  committees, 

both n a t i o n a l  and i n t e r n a t i o n a l .  A Senior  Member of t h e  I n s t i t u t e  of  

E l e c t r i c a l  and E lec t ron ic s  Engineers s i n c e  1962, M r .  McKnight se rved  on 

t h e  admin i s t r a t i ve  committee of t h a t  S o c i e t y ' s  Group on Audio and E lec t ro -  

a c o u s t i c s  and i t s  s tandards  committee. He i s  a Fellow of t h e  Audio En- 

g inee r ing  Socie ty ,  a member of t h e  AES E d i t o r i a l  Board, p a s t  chairman 

of t h e  AES Standards Committee, and he has  twice  served a s  Governor of 

t h e  Socie ty .  In  1971 M r .  McKnight rece ived  t h e  AES Award " f o r  ou t s t and ing  

s e r v i c e s  i n  f u r t h e r i n g  theory  and p r a c t i c e  of magnetic record ing  ..." 

Thomas G. Stockham, Jr. 

D r .  Stockham i s  a Professor  of E l e c t r i c a l  Engineering i n  t h e  Computer 

Science Department a t  t h e  Univers i ty  of Utah. P r i o r  t o  jo in ing  t h e  Uni- 

v e r s i t y  of Utah i n  1968, D r .  Stockham conducted research  i n  s i g n a l  pro- 

ce s s ing  a t  t h e  M.1-T. Lincoln Laboratory. He research  t h e r e  l e d  t o  an 

invent ion  used i n  e l imina t ing  s u b j e c t i v e  no i se  i n  audio t ape  record ings .  

E a r l i e r  he served a s  an A s s i s t a n t  P ro fe s so r  of E l e c t r i c a l  Communications 

a t  M.I.T. One of h i s r e s e a r c h a c t i v i t i e s  dur ing  t h i s  per iod  involved him 

i n  a d i g i t a l  s i g n a l  process ing  experiment t o  i s o l a t e  t h e  e f f e c t s  of  

room a c o u s t i c s  from t h e  e f f e c t s  of a loudspeaker.  H i s  p r i n c i p a l  r e s e a r c h  

s i n c e  1958 has been i n  t h e  f i e l d  of information process ing ,  wi th  a s t r o n g  

emphasis on d i g i t a l  processing of a c o u s t i c  waveforms. A t  t h e  Un ive r s i t y  

of Utah D r .  Stockham d i r e c t s  a l a r g e  d i g i t a l  s i g n a l  processing r e s e a r c h  

p r o j e c t  . 
D r .  Stockham holds S.B., S.M., and Sc.D. degrees i n  e l e c t r i c a l  en- 

g inee r ing  from t h e  Massachusetts I n s t i t u t e  of Technology. While i n  

graduate  school ,  he served a s  a teaching  a s s i s t a n t  and a s  an i n s t r u c t o r .  

He rece ived  t h e  Goodwin Teaching Award i n  1957 f o r  "conspicuously e f f e c t i v e  

teaching ."  



Dr. Stockham is a member of Tau Beta Pi, Sigma Xi, Eta Kappa Nu, the 

Institute of Electrical and Electronics Engineers, and the Association for 

Computing Machinery. In 1969 he was joint recipient of the IEEE Audio 

and Electroacoustics Senior Award. He is also the 1973 recipient of the 

award for outstanding technical achievement from the Utah Chapter of the 

IEEE . 

Mark R. Weiss 

Mr. Weiss is Vice President for Acoustics Research at Federal 

Scientific Corporation (FSC). He became affiliated with FSC in 1957, 

at the time the company was formed, and has been responsible for its 

acoustics programs since 1962. 

He has conducted and directed research aimed at the development 

of analog instruments and digital computer techniques for the analysis, 

classification and processing of a variety of audio signals. Much of 

his work has centered on the use of instruments and instrumentation 

techniques for spectrum analysis of acoustic waveforms. His major 

interest has been the development of methods for analyzing speech and 

for increasing the detectability and intelligibility of speech that is 

obscured by noise. 

Mr. Weiss has a B.S. in electrical engineering from the City College 

of New York, and an M.S. in electrical engineering from Columbia Uni- 

versity. 

He is a Fellow of the Acoustical Society of America, a member of 

its Technical Committee on Speech Communication, a member of the Institute 

of Electrical and Electronics Engineers, and Eta Kappa Nu. He has written 

or co-authored two dozen papers and reports, most of them in the area 

of speech analysis. 



Appendix D 

INTERIM RJ3PORTS SUBMITTED BY THE PANEL 

1. P l a n s  f o r  a Study o f  t h e  White House Tapes: 

a D r a f t  P roposa l  Submit ted t o  t h e  Court  on November 21, 1973. 

2. I n t e r i m  Report  of December 1 2 ,  1973. 

3. Summary Report  o f  J a n u a r y  1 5 ,  1974. 

4. Memorandum about  F u r t h e r  Work, January  29, 1974. 

5. L e t t e r  Report  o f  February  15 ,  1974. 



1. Plans f o r  a  Study of t h e  White House Tapes: 

a  Draf t  Proposal submitted t o  t h e  Court on November 21, 1973. 

The fol lowing Draf t  Proposal was submitted t o  Chief Judge John J. 

S i r i c a ,  United S t a t e s  ~ i s t r i c t  Court f o r  t h e  D i s t r i c t  of Columbia, on 

November 2 1 ,  1973: 

NATURE OF THE PROBLEM 

Determining t h e  a u t h e n t i c i t y  of a  t ape  recording i s  something 

l i k e  determining t h e  a u t h e n t i c i t y  of a  pa in t ing .  Many d i f f e r e n t  

t e s t s  can be used t o  look f o r  s i g n s  of forgery.  A s i n g l e  p o s i t i v e  

s i g n  can say conclus ive ly  t h a t  forgery  was i n  f a c t  committed. The 

complete l ack  of any p o s i t i v e  s i g n  can g ive  t h e  appearance of 

a u t h e n t i c i t y  without  proving it. 

Again, a  pa in t ing  can be t e s t e d  without  see ing  it and a  t a p e  

can be t e s t e d  without  hearing it. However, t h e  l ack  of  acces s  t o  

t h e  substance -- t h e  p i c t u r e  o r  t h e  words -- g r e a t l y  i n c r e a s e s  t h e  

complexity of t h e  t e s t i n g  process ,  prolongs t h e  t a s k ,  and reduces  

t h e  chance of ending up with d e f i n i t e  r e s u l t s .  Access t o  t h e  sub- 

s t ance  enables  t h e  i n v e s t i g a t o r  t o  focus a t t e n t i o n  on t h e  very  f i n e  

d e t a i l s ,  which o f t e n  a r e  t h e  most d i f f i c u l t  t o  forge  convincingly.  

I n  t h e  case  of t a p e  record ings ,  r e l a t i v e l y  simple t e s t s  per-  

formed without  l i s t e n i n g  may s u f f i c e  t o  d e t e c t  an unsoph i s t i ca t ed  

a l t e r a t i o n  such a s  d i r e c t  s p l i c i n g  of t h e  t ape  o r  e r a su re  of  words 

on t h e  o r i g i n a l  recording.  However, even such simple f o r g e r i e s  may 

t a k e  an ino rd ina t e  amount of t ime t o  f i n d  i f  t h e  i n v e s t i g a t o r  can 

n o t  f i r s t  l i s t e n ,  because he i s ,  i n  e f f e c t ,  search ing  f o r  a  "needle  

i n  a  haystack." 



Soph i s t i ca t ed  a l t e r a t i o n s  a r e  much more d i f f i c u l t  t o  i d e n t i f y ,  

even wi th  t h e  a i d  of human l i s t e n i n g  t o  h e l p  recognize s u b t l e  

p a t t e r n s  of sound. A s  wi th  measure and counter-measure i n  techno- 

l o g i c a l  warfare ,  t h e  making and d e t e c t i n g  of a c o u s t i c  f o r g e r i e s  i n -  

volves a  cont inuing  evolu t ion  of eve r  more powerful a n a l y t i c a l  tech-  

niques.  Therefore,  i n  undertaking t h e  p r e s e n t  t a s k ,  we can not  

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

fo rge ry ,  simply because t h e  d e t e c t i o n  technique  r equ i r ed  might n o t  y e t  

have been invented.  

SOME POSSIBLE OUTCOMES AND RELATED FACTORS 

The r e s u l t s  of t e s t s  made t o  determine t h e  a u t h e n t i c i t y  of  t a p e  

record ings  can l ead  t o  conclusions of fou r  t ypes :  

1. D e f i n i t e l y  t h e  t ape  has been a l t e r e d .  

2 .  D e f i n i t e l y  t h e  t ape  i s  a  re - record ing ,  no t  an o r i g i n a l .  

3. Perhaps t h e  t ape  has undergone some a l t e r a t i o n  o r  re-  
record ing ,  bu t  t h e  r e s u l t s  a r e  inconclus ive .  

4. No i n d i c a t i o n s  of a l t e r a t i o n  o r  re - record ing  have been 
de t ec t ed .  

These fou r  t ypes  a r e  l i s t e d  i n  t h e  o r d e r  of i nc reas ing  l i k e l i -  

hood of occurrence f o r  an inc reas ing  s o p h i s t i c a t i o n  of  technique used 

i n  tampering wi th  t h e  tape .  The f i r s t  l i s t e d  conclusion i s  most l i k e l y  

when t h e  technique used i s  l e a s t  s o p h i s t i c a t e d .  The f o u r t h  type  of  

conclusion sugges ts  t h a t  t h e  tampering -- i f  t h e r e  is any a t  a l l  -- 
was done wi th  a  h ighly  soph i t i ca t ed  technique.  

Fu r the r ,  t h e  outcome i n  a  p a r t i c u l a r  case  can be a f f e c t e d  by 

d e f e c t s  i n  t h e  t a p e s  o r  i n  t h e  record ing  system used. Such d e f e c t s  

might obscure c e r t a i n  f e a t u r e s  of t h e  recorded speech t h a t  otherwise 

might have provided u s e f u l  c lues .  In  some c a s e s  t h e  i n v e s t i g a t o r  w i l l  

no t  be a b l e  t o  determine whether such d e f e c t s  l i e  wi th in  t h e  normal 

bounds of performance of t h e  t ape  and record ing  equipment o r ,  con- 

v e r s e l y ,  whether t h e  d e f e c t s  a r e  t h e  r e s u l t  of tampering. 

Aside from t h e  l e v e l  of s o p h i s t i c a t i o n  t h a t  might have been used 

t o  e f f e c t  an a l t e r a t i o n ,  two o t h e r  f a c t o r s  w i l l  s t rong ly  a f f e c t  t h e  

l e v e l  of c e r t a i n t y  of t h e  t e c h n i c a l  f i n d i n g s  and t h e  time r equ i r ed  t o  

reach them. One f a c t o r  i s  a s s i s t a n c e  i n  l o c a t i n g  s e c t i o n s  of t h e  t a p e  



t o  which i n t e n s i v e  t e s t i n g  could be d i r e c t e d ,  a s  opposed t o  unguided 

t e s t s  of t h e  e n t i r e  s e t  o f  r e l e v a n t  recordings.  Such a s s i s t a n c e  

would speed many of t h e  t e s t s  by a l a r g e  f a c t o r  and would, indeed,  

be t h e  only condi t ion  under which some of t h e  t e s t s  would be f e a s i b l e .  

A second f a c t o r  i s  t h e  degree t o  which t h e  r e l e v a n t  p o r t i o n s  of  

t h e  t a p e s  can be heard by t h e  e x p e r t s ,  i n  o rde r  t o  permit  t h e i r  t r a i n e d  

l i s t e n i n g  s k i l l  t o  be used a s  a  t o o l  i n  searching  f o r  p o s s i b l e  a l t e r a -  

t i o n s .  Such l i s t e n i n g  would add s u b s t a n t i a l l y  t o  t h e  q u a l i t y  of  t h e  

t e s t s  and would f u r t h e r  focus t h e  ins t rumenta l  t e s t i n g .  

Many of t h e  t e s t s  proposed he re in  need not  involve acces s  t o  

s u b s t a n t i v e  content .  Thus, t h e  t e c h n i c a l  e x p e r t s  could be a s s i s t e d  

i n  l o c a t i n g  s e c t i o n s  f o r  i n t e n s i v e  t e s t i n g  by a  court-appointed person 

who i s  e n t i t l e d  t o  l i s t e n  t o  t h e  t apes .  

SUGGESTED PLAN 

We propose t o  undertake t h i s  s tudy  i n  a  s equen t i a l  manner, s t a r t i n g  

wi th  a  s e r i e s  of p i l o t  t e s t s ,  which we c a l l  Phase One. The r e s u l t s  

ob ta ined  i n  Phase One would se rve  t o  guide t h e  planning of one o r  

more subsequent phases,  which would e n t a i l  i n t e n s i v e  t e s t s  in tended  

t o  y i e l d  more d e f i n i t e  r e s u l t s  than  a r e  l i k e l y  t o  r e s u l t  from t h e  

p i l o t  t e s t s .  The remainder of t h i s  d r a f t  proposal  s e t s  f o r t h  o u r  

p lan  and procedure f o r  Phase One. 

The p i l o t  t e s t s  would inc lude  i tems of t h e  fol lowing kind:  

1. Comparative measurements on t h e  l eng ths  of recorded 

and unrecorded tapes .  

2 ,  Phys ica l  examination of t h e  t a p e s  t o  look f o r  s p l i c e s  

and o t h e r  p o s s i b l e  a l t e r a t i o n s .  

3. Analysis  of background n o i s e  on t h e  t a p e s  and of  

spur ious  components such a s  hum and b i a s  s igna l s .  

4. Analyses of short- term and long-term spec t r a .  

5, Analyses of t ime i n t e r v a l s  and of r a t e s  of change i n  

t h e  s t a r t i n g  and s topping of t h e  tapes .  

6 ,  Some measurements on t h e  record ing  equipment used i n  

making t h e  record ings  being s tudied .  



The purpose o f  t h e s e  tests is  t o  o r i e n t  u s  on t h e  gene ra l  

n a t u r e  o f  t h e  t a p e s  and equipment involved and t o  g ive  u s  a means 

f o r  exp lo r ing  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  s e v e r a l  d i f f e r e n t  k inds  

of  tests t h a t  might be performed. The r e s u l t s  should enable  u s  t o  

s e l e c t  j u s t  t h o s e  tests t h a t  a r e  most l i k e l y  t o  shed l i g h t  on 

a u t h e n t i c i t y  and are t h e r e f o r e  worth ca r ry ing  o u t  i n  d e t a i l .  

MATERIALS AND FACTILITIES FECQUIWD 

Our e f f o r t s  i n  conducting t h e  proposed s tudy  w i l l  r e q u i r e  t h e  

use  of m a t e r i a l s  and f a c i l i t i e s  of t h r e e  k inds :  magnetic t a p e s ,  

equipment t h a t  was used i n  record ing  on t h e  t a p e s ,  and l abo ra to ry  

f a c i l i t i e s  and ins t ruments  f o r  our  use  i n  ana lyz ing  t h e  t a p e s  and 

equipment. The fo l lowing  o u t l i n e  i n d i c a t e s  t h e  requirements  a s  we 

now f o r e s e e  them: 

A. Tapes 

Access t o  t h e  o r i g i n a l  t a p e s ,  superv ised  by a person 

au tho r i zed  t o  l i s t e n  t o  them. We would use  t h e  t apes :  

To make recorded cop ie s  of  s e l e c t e d ,  non- 
s e n s i t i v e  s e c t i o n s ,  

To measure d i r e c t l y  t h e  l e n g t h s  o f  t h e  t a p e s ,  
t h e  b i a s  s i g n a l s  on t h e  t a p e s ,  and c e r t a i n  o t h e r  
non- tex tua l ,  mechanical and e l e c t r i c a l  f e a t u r e s ,  

To measure d i r e c t l y  t h e  average spectrum o f  t h e  
speech sounds u t t e r e d  i n  s e v e r a l  success ive  sen- 
t e n c e s ,  f o r  each of  fou r  samples,  i nc lud ing  two 
samples on t a p e s  no t  y e t  subpoenaed and one each 
from t h e  t a p e s  of June 20, 1972 and A p r i l  15,  1973, 
r e s p e c t i v e l y .  

For some o f  t h e  t e s t s  we w i l l  r e q u i r e  s e v e r a l  l eng ths  of 

b lank  t a p e  c u t  from t h e  ends of  r e e l s  of  t a p e  t h a t  con ta in  

t h e  s e n s i t i v e  ma te r i a l .  

We a l s o  w i l l  r e q u i r e  up t o  10 blank r e e l s  o f  t a p e  of  t h e  

same kind a s  t h a t  used i n  record ing  on t h e  t a p e s  involved 

i n  t h i s  s tudy.  



B. Equipment used in making the recordings 

The magnetic tape recorders. 

The voice-operated devices that turned the recorders 

on and off. 

C. Facilities 

To perform the tests and analyses we will require laboratory 

facilities, and specialized instruments that we would obtain. 

In addition to the items outlined above, we might find that we need 

to make measurements on the complete recording systems, reassembled in 

the original locations and wired up in their original conditions. 

PROCEDURE 

Some of the tests proposed will require the use of highly sophisti- 

cated skills, equipment, and research set-ups, These are available in 

certain university, industry, not-for-profit, and government laboratories. 

Members of our panel are associated with some of the laboratories that 

possess the resources required. We suggest that we conduct the tests 

in non-government laboratories whether or not similar tests are per- 

formed also in government laboratories. 

We plan to complete the pilot tests, analyze the results, and sub- 

mit a report on this Phase One work by about the middle of January 1974. 

We have not yet had time to work out a budget, but we guess that the 

costs involved in Phase One would run to a few thousand dollars. 

FOOTNOTE 

The six of us met together for the first time on the afternoon of 

Sunday, November 18, 1973, and not all of us have been able to participate 

directly in the final writing of this draft proposal. We, therefore, may 

need to make some changes in this draft before we would consider it to 

represent our concensus. 

[Biographical data for the six members of the Panel were attached.] 



2. I n t e r im  Report o f  December 1 2 ,  1974 

December 1 2 ,  1973 

In te r im Report t o  Judge John J. S i r i c a  

From t h e  Advisory Panel on Tapes 

I n  response t o  your expressed i n t e r e s t  i n  our  work t o  d a t e ,  we 

submit t h i s  r e p o r t  on t h e  na tu re  of our  i nqu i ry  and our  progress .  The 

r e p o r t  s p e l l s  ou t  t h e  ques t ions  t h a t  we a r e  endeavoring t o  answer, 

d e s c r i b e s  b r i e f l y  t h e  t e s t s  and techniques  we a r e  using t o  s ea rch  f o r  

answers,  and g ives  some pre l iminary  r e s u l t s  concerning t h e  t a p e  of  

June 20, 1972. 

A t  your reques t  we have been concen t r a t ing  our  i n i t i a l  e f f o r t s  on 

t h i s  p a r t i c u l a r  tape .  In  doing so ,  however, we a l s o  have made s u b s t a n t i a l  

p rog res s  i n  developing t h e  procedures  and experience t h a t  we s h a l l  need t o  

conduct our  broader s tudy on t h e  a u t h e n t i c i t y  and i n t e g r i t y  of t h e  White 

House t a p e s  i n  general .  The ques t ions  t h a t  we have been address ing  a r e  

t h e s e  : 

Is t h i s  t ape  t h e  o r i g i n a l  one t h a t  was recorded on June 2 0 ,  1972? 
Does it conta in  e r a su res  o r  s p l i c e s ?  O r  i s  it a copy t h a t  has  
been e d i t e d  by opera t ions  such a s  c u t t i n g  and s p l i c i n g  be fo re  
re-recording? 

How was t h e  18-minute s ec t ion  of buzzing sounds produced? Was 
a l l  t h e  buzzing produced cont inuous ly  a t  one time? 

Can speech sounds be de t ec t ed  under t h e  buzzing? I f  so,  t o  
what e x t e n t  can t h e  speech be recaptured  and made i n t e l l i g i b l e ?  



In  o rde r  t o  answer t h e s e  ques t ions ,  we must o b t a i n  information on 

many t e c h n i c a l  d e t a i l s ,  Toward f ind ing  t h e  information,  we have set 

up and s t a r t e d  t o  u se  s e v e r a l  t e s t s  and approaches descr ibed  b r i e f l y  a s  

fo l lows  : 

C r i t i c a l  l i s t e n i n g :  us ing  human a n a l y t i c a l  c a p a b i l i t i e s  t o  
check f o r  anomalies i n  t h e  s i g n a l s  recorded and f o r  i nadve r t en t  
s i g n a l s  such a s  hum, which might provide u s e f u l  c l u e s  f o r  s tudying  
t h e  tape .  

F l u t t e r  s i g n a t u r e :  a  unique " f i n g e r  p r i n t "  t h a t  may he lp  us  t o  
i d e n t i f y  t h e  p a r t i c u l a r  recorder  on which a  given t ape  was re -  
corded. 

Bias s i g n a l :  a  high-frequency tone  t h a t  " c a r r i e s "  t h e  audio 
s i g n a l s  on a  t a p e  and may h e l p  us  t o  i d e n t i f y  t h e  r eco rde r  and 
recording events .  

Magnetic images: d i r e c t  v i s u a l  observa t ion  of "developed" t a p e  
t o  f i n d  t r a c k  wid ths ,  t h e  type  of recorder  used ,  and t h e  presence 
o r  absence of r e s i d u a l  speech s igna l s .  

Physical  measurements: l eng ths  of t a p e s  and presence o r  absence 
of phys i ca l  s p l i c e s ,  t o  provide f u r t h e r  evidence on t a p e  i n t e g r i t y .  

Long-term frequency s p e c t r a :  s e n s i t i v e  a n a l y s i s  technique t o  he lp  
i n  c h a r a c t e r i z i n g  t h e  acous t i c  q u a l i t y  of  t h e  buzzing sounds and 
i n  i d e n t i f y i n g  t h e i r  source. 

Computer process ing  and graphic  d i sp l ay :  s o p h i s t i c a t e d  techniques  
f o r  ana lyz ing  frequency s p e c t r a ,  s t a r t  and s t o p  t r a n s i e n t s ,  and 
o t h e r  f e a t u r e s  of speech and noise.  

Voice opera ted  swi tch :  measurement of ope ra t ing  c h a r a c t e r i s t i c s  
of devices  used i n  t h e  White House record ing  system, f o r  our  use  
a s  s i g n a t u r e  information.  

Recorder performance: va r ious  e l e c t r i c a l  and mechanical measure- 
ments of s t anda rd  and modified r eco rde r s  f o r  use  i n  f i n d i n g  p o s s i b l e  
o r i g i n s  of buzz sounds, hum, e t c .  

These t e s t s  involve  t h e  use of f a c i l i t i e s  and equipment of many k inds ,  

both s tandard  and s p e c i a l l y  adapted f o r  t h i s  p r o j e c t .  The i tems we have 

been us ing  inc lude :  frequency spectrum analyzers  of s e v e r a l  t ypes ,  ad- 

vanced d i g i t a l  computers and s p e c i a l  computer programs; v i s u a l  graphic  

d i s p l a y s  and hard-copy graphic  p r i n t e r s ;  f i x e d  and a d j u s t a b l e  f i l t e r s ;  

s p e c i a l l y  modified t a p e  r eco rde r s ;  techniques f o r  d i r e c t  v i s u a l  i n spec t ion  

of magnetic t r a c e s  on t a p e s ;  and meters  and s p e c i a l i z e d  e l e c t r o n i c  i n s t r u -  

mentat ion. 



The results obtained from the many, different kinds of tests and 

instruments bear a resemblance to the pieces of a jig saw puzzle. The 

first few pieces give almost no clues as to how they fit together. As 

the picture unfolds some of the pieces are seen to be misplaced and must 

be moved. And when many pieces combine to suggest the overall pattern, 

then each piece begins to corroborate the correctness of adjacent pieces 

and the solution to the puzzle seems to rush toward completion. However, 

the analogy when applied to tapes must be extended in a most important 

way: some of the pieces of the puzzle are lost and probably can not be 

found, and some of the pieces really belong to a different puzzle. 

Because of the inherently fragmented nature of the technical evidence 

that we can obtain, owing to missing pieces, and because of the large 

number of related pieces of evidence in this tape puzzle, reliable answers 

will be slow to emerge and many of the answers will have to be stated as 

probabilities -- not certainties. 
At the present time we have reached two conclusions that appear to 

be correct with a high degree of probability. The electric typewriter most 

probably did not cause the 18-minute section of buzzing sounds, And, the 

tensor lamp probably did not cause this buzzing. Our tests made with 

sophisticated instruments have failed to give any indication that either 

of these devices causes such sounds to be recorded on the tape. 

We have reached preliminary conclusions on some other questions 

also. Our several exploratory attempts to identify speech sounds within 

the 18-minute section of buzz have not succeeded. We now doubt whether 

recovery of intelligible speech from this section will ever be possible, 

but we withhold final judgment on this point. 

Also in a preliminary way, we report that we have been able to 

operate a Uher recorder, the one identified to us as the one that Miss 

Woods used, in such a manner as to produce and record a buzzing sound 

that closely resembles some of the sounds in the 18-minute section. This 

buzzing was recorded with the tape moving forward at 15/16 inch, but did 

not show up in high-speed rewind operation with the record button depressed. 

Tests in progress or being analyzed should lead us to a reasonably firm con- 

clusion about the source of the buzzing in a week or so. 

The preparations and tests reported here have resulted from a very 

large amount of intensive work. During the three weeks since November 21, 



the day on which you announced our appointment, the six of us collectively 

have spent about 50 man days working on the problem of the tapes. Added 

effort amount to about 100 man days has been spent by some 20 other 

specialists working for us under our direct, personal, and intimate 

supervision. The work has been done at several locations, especially 

including the laboratories of the Federal Scientific Corporation in New 

York City and of Bolt Beranek and Newman Inc. in Cambridge, Massachusetts. 

According to our present best estimate, we expect to complete our 

study of the tape of June 20, 1972 and submit a report on it to you early 

in January, 1974. Then we shall be prepared to pursue the more general 

study of the tapes if you so desire. If you have any questions about the 

material contained in this interim report, please feel free to call upon 

us for clarification. 

Respectfully submitted, 

Richard H. Bolt 

Franklin Cooper 

James L. Flanagan 

John G. (Jay) ~cKnight 

Thomas G. Stockham, Jr. 

Mark R. Weiss 



3 .  Summary Report of January 15,  1974 

January 15 ,  1974 

Report t o  Chief Judge John J. S i r i c a  

From t h e  Advisory Panel on t h e  White House Tapes 

I n  response t o  your reques t  we have made a comprehensive t e c h n i c a l  

s tudy of t h e  White House tape  of June 2 0 ,  1972, wi th  s p e c i a l  a t t e n t i o n  

t o  a s e c t i o n  of buzzing sounds t h a t  l a s t s  approximately 18.5 minutes.  

Paragraphs t h a t  follow summarize our  f i n d i n g s  and i n d i c a t e  t h e  k inds  of 

t e s t s  and evidence on which we base t h e  f ind ings .  

Magnetic s i g n a t u r e s  t h a t  we have measured d i r e c t l y  on t h e  t a p e  show 

t h a t  t h e  buzzing sounds were pu t  on t h e  t a p e  i n  t h e  process  of e r a s i n g  

and re - record ing  a t  l e a s t  f i v e ,  and perhaps a s  many a s  n ine ,  s e p a r a t e  

and cont iguous segments. Hand ope ra t ion  of keyboard c o n t r o l s  on t h e  

Uher 5000 r eco rde r  was involved i n  s t a r t i n g  and aga in  i n  s topping  t h e  

record ing  of each segment. The magnetic s i g n a t u r e s  observed on t h e  t a p e  

show conc lus ive ly  t h a t  t h e  18.5-minute s e c t i o n  could no t  have been pro- 

duced by any s i n g l e ,  continuous opera t ion .  Fu r the r ,  whether t h e  footpedal  

was used o r  n o t ,  t h e  recording c o n t r o l s  must have been opera ted  by hand 

i n  t h e  making of  each segment. 

The e r a s i n g  and recording ope ra t ions  t h a t  produced t h e  buzzing 

s e c t i o n  were done d i r e c t l y  on t h e  t ape  we rece ived  f o r  study. We have 

found t h a t  t h i s  t ape  is  1814.5 f e e t  long,  which l i e s  wi th in  a normal 

range f o r  t a p e s  so ld  a s  1800 f e e t  i n  length .  We have examined t h e  e n t i r e  

t a p e  f o r  phys i ca l  s p l i c e s  and have found none. Other t e s t s  t h a t  we have 

made thus  f a r  a r e  c o n s i s t e n t  wi th  t h e  assumption t h a t  t h e  t a p e  i s  an 

o r i g i n a l  and not  a re-recording. 



A Uher 5000 recorder, almost surely the one designated as Government 

Exhibit #60, was used in producing the 18.5-minute section. Support for 

this conclusion includes recorder operating characteristics that we 

measured and found to correspond to signal characteristics observed 

on the evidence tape. 

The buzzing sounds themselves originated in noise picked up from the 

electrical power line to which the recorder was connected. Measurements 

of the frequency spectrum of the buzz showed that it is made up of a 

60 cycles per second fundamental tone, plus a large number of harmonic 

tones at multiples of 60. Especially strong are the third harmonic at 

180 and the fifth harmonic at 300 cycles per second. As many as forty 

harmonics are present in the buzz and create its "raucous" quality. 

Variations in the strength of the buzz, which during most of the 18.5- 

minute section is either "loud" or "soft," probably arose from several 

causes including variations in the noise on the power line, erratic 

functioning of the recorder, and changes in the position of the operator's 

hand while running the recorder. The variations do not appear to be caused 

by normal machine operations. 

Can speech sounds be detected under the buzzing? We think so. At 

three locations in the 18.5-minute section, we have observed a fragment 

of speech-like sound lasting less than one second. Each of the fragments 

lies exactly at a place on the tape that was missed by the erase head 

during the series of operations in which the several segments of erasure 

and buzz were put on the tape. Further, the frequency spectra of the 

sounds in these fragments bear a reasonable resemblance to the spectra of 

speech sounds. 

Can the speech be recovered? We think not. We know of no technique 

that could recover intelligible speech from the buzz section. Even the 

fragments that we have observed are so heavily obscured that we cannot 

tell what was said. 

The attached diagram illustrates the sequence of sound events in the 

18.5-minute section. Also illustrated is a sequence of Uher operations 

"erase-record on" and "erase-record off" that are consistent with signa- 

tures that we measured on the evidence tape. The five segments that can 

be identified unequivocally are labeled "1" through "5." In addition, 

the diagram shows four segments of uncertain ending. 



In developing t h e  t echn ica l  evidence on which we have based t h e  

f ind ings  r epo r t ed  here ,  we have used l abo ra to ry  f a c i l i t i e s ,  measuring 

ins t ruments ,  and techniques of s e v e r a l  k inds ,  inc luding:  d i g i t a l  

computers l oca t ed  i n  t h r e e  d i f f e r e n t  l a b o r a t o r i e s ,  spec i a l i zed  i n s t r u -  

ments f o r  measuring frequency s p e c t r a  and waveforms, techniques  f o r  

"developing" magnetic marks t h a t  can be seen and measured d i r e c t l y  on t h e  

t a p e ,  t echniques  f o r  measuring t h e  performance c h a r a c t e r i s t i c s  of r eco rde r s  

and voice-operated swi tches ,  and s t a t i s t i c a l  methods f o r  ana lyz ing  experi-  

mental r e s u l t s .  

I n  summary we have reached complete agreement on t h e  fo l lowing  con- 

1. The e r a s i n g  and record ing  ope ra t ions  t h a t  produced t h e  buzz - 

s e c t i o n  were done d i r e c t l y  on t h e  evidence tape .  

2 .  The Uher 5000 recorder  des igna ted  Government Exhib i t  #60 - 
probably produced t h e  e n t i r e  buzz sec t ion .  

3. The e r a s u r e s  and buzz record ings  were done i n  a t  l e a s t  f i v e ,  - 

and perhaps a s  many a s  n ine ,  s e p a r a t e  and contiguous segments. 

4. Erasure and recording of each segment requi red  hand o p e r a t i o n  - 
of keyboard c o n t r o l s  on t h e  Uher 5000 machine. 

5. Erased p o r t i o n s  of t h e  t ape  probably contained speech o r i g i n a l l y .  - 
6. Recovery of t h e  speech i s  not  p o s s i b l e  by any method known - 

t o  us. 

7 .  The evidence t a p e ,  i n s o f a r  a s  we have determined, i s  an o r i g i n a l  - 
and no t  a  copy. 

Respec t fu l ly  submit ted,  

Richard H. Bol t  

Frankl in  S. Cooper 

James L. Flanagan 

John G. ( Jay)  McKnight 

Thomas G. Stockham, Jr. 

Mark R. Weiss 



KEY TO BUZZ SECTION IN WHITE HOUSE TAPE OF JUNE 20,1972 

MBOLS: 
V ERASE- RECORD 

ON 

A ERASE- RECORD 
OFF 

- ERASE-RECORD 
ON AND OFF 

-SHORT SEGMENT 
OF SPEECH -LIKE 
SOUND UNDER 
BUZZ 

--- START/STOP CLICK 
WITHIN BUZZ 

m ERASE-HEAD-OFF 
SIGNATURE OF 
UHER 5 0 0 0  

( x )  ERASE-HEAD-OFF 
SIGNATURE 
PARTIALLY ERASED 

n SEGMENT WITH 
UNCERTAIN ENDING 

I I 
I I 
I I 

SEQUENCE OF OPERATIONS SEQUENCE OF SOUND 
ON UHER 5 0 0 0  RECORDER ON THE TAPE 



4. Memorandum about Further Work, January 29, 1974 

January 29, 1974 

Memorandum to Chief Judge John J. Sirica 

From the Advisory Panel on Tapes 

We are preparing the detailed report on the tape of June 20, 1974, 
giving the technical basis for the conclusions that we submitted to the 
Court on January 15th. Completion of this report, including adequate 
explanation of points raised in the Court proceedings, will require more 
time than we estimated previously. Further, our experience in making and 
writing up the investigation of this first tape suggests that a comparable 
amount of time might be needed on each of the several other tasks to 
which you have directed our attention. 

Therefore, and in view of the urgency expressed in your memorandum 
of January 18, we wish to obtain your guidance on the planning of our 
work schedule. Should we complete this report before we start working 
on the other tasks? In what order should we undertake the other tasks 
so as to do first those tasks that the Court considers to be most urgent? 
Can some of the tasks be given less intensive study or even be eliminated 
from the list? 

We should appreciate having your guidance at an early date and we 
should be happy to meet with you to discuss this matter if you wish. 

Richard H. Bolt 
Franklin S. Cooper 
James L. Flanagan 
John G. (Jay) McKnight 
Thomas G. Stockham, Jr. 
Mark R. Weiss 

Copies to the White House Counsel and to the Special Prosecutor 



5. Letter Report of February 15, 1974 

The Court Panel on Tapes 

February 15, 1974 

Chief Judge John J. Sirica 
United States District Court 

for the District of Columbia 
Washington, D. C. 

Dear Judge Sirica: 

We thank you for your helpful memorandum of February 5, 1974, con- 
cerning our future work priorities. We have decided to divide our efforts 
between completing the technical report on the tape of June 20, 1972, and 
concurrently pursuing tests on the other items to which you have directed 
our attention. 

While working on the report during recent weeks, we have received 
communications from several persons offering suggestions and informa- 
tion. Some of the material has come to us by way of your office or one 
of the counsel's offices. We have found particular interest in two of 
the communications, one giving an alternative hypothesis on the origin 
of the 18.5 minute buzz section and the other suggesting a new possi- 
bility for recovering lost speech. Because of the potential importance 
of these topics, we have taken some time away from report preparation 
in order to give these two communications prompt consideration. 

The alternative hypothesis says that intermittent functioning of 
a failing component in the Uher recorder might have produced the observed 
magnetic signatures, which according to our finding resulted from opera- 
tions that involved keyboard manipulations. We have studied the documented 
hypothesis and its relation to the circuits and operating characteristics 
of a Uher 5000 recorder. We have carried out a series of relevant tests 
including phase measurements to detect tape starts and stops. We have 
re-examined the data that we had obtained previously from the original 
tape and the Uher recorder, Exhibit 60. Our results do not support the 
alternative hypothesis, and we see no reason to alter the general con- 
clusion that we reported to the Court on January 15, 1974. 

The second communication describes a new technique that uses 
magnetic "skew" to search for residual signals. This technique offers 
some possibility of recovering speech signals even after they have been 
erased and had a buzz recorded over them. However, our study shows that 
the technique would involve a complicated procedure and would offer only 
marginal promise of success if applied to the tape in question. Therefore, 
even though we recognize the importance of recovering speech if possible, 
we shall pursue our further study of this technique at a lower priority. 



Chief Judge John J. Sirica 
Page 2 
February 15, 1974 

The report that we are preparing will include technical explanations 
of these two ancillary studies. As we have indicated previously, the 
report will contain full technical backup for all the conclusions that 
we presented to your Court in January. We shall complete the document 
as soon as we can on a schedule that allows us also to pursue the con- 
current tests expeditiously. 

Respectfully yours, 

Richard H. Bolt 

Franklin Cooper 

James L. Flanagan 

John G. McKnight 

Thomas Stockham 

Mark R. Weiss 

Copies to: Leon Jaworski 
James D. St. Clair 
Charles S. Rhyne 




