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Technical Note 4 

PHASE CONTINUITY AS A TEST OF RECORDER STOPS AND STARTS 

Lis ten ing  t o  t h e  Evidence Tape, t h e  Panel was a b l e  t o  d e t e c t  

occas iona l  c l i c k i n g  sounds wi th in  t h e  buzz sec t ion .  We examined t h e s e  

c l i c k s  v i s u a l l y  by means of magnetic development (explained i n  Technical  

Note l ) ,  and found magnetic marks corresponding t o  t h e  e r a s e  and record  

heads of t h e  Uher 5000 recorder .  Such marks s t r o n g l y  suggest.ed t h a t  t h e  

record ing  of t h e  buzz was not  done a s  one cont inuous event ,  b u t  r a t h e r  

i n  s e v e r a l  s e c t i o n s  involv ing  s tops  and s t a r t s  of  t h e  recorder .  

I f  t h e  18.5 minute buzz sec t ion  were i n  f a c t  recorded a s  a s i n g l e  

continuous p i e c e ,  t h e  60-Hz s i g n a l  t h a t  o r i g i n a t e d  i n  t h e  AC power supply 

should be recorded a s  a s i g n a l  t h a t  i s  cont inuous i n  phase over  t h e  

e n t i r e  18.5 minute s ec t ion .  We conducted two kinds of t e s t s  t o  f i n d  ou t  

whether t h e  phase was continuous. The f i r s t  kind of t e s t  p rovides  a com- 

par i son  of t h e  s i g n a l  waveforms immediately be fo re  and a f t e r  an event  

such a s  a mark made by a record head. The second kind of t e s t  o f f e r s  a 

more s e n s i t i v e  means of d e t e c t i n g  phase d i s c o n t i n u i t i e s  and provides  a 

d i r e c t  measure of  t h e  amount of phase s h i f t .  However, it obscures  changes 

of very s h o r t  du ra t ion  because t h e  instrument  used t a k e s  some t ime t o  

recover  from a sudden change i n  t h e  input  s i g n a l .  

The f i r s t  kind of  t e s t  c o n s i s t s  of d i r e c t  observa t ion  of t h e  60-Hz 

waveform on an o s c i l l o s c o p e  screen. We used a Tektronix Model 545 

osc i l l o scope  f o r  t h e  d i s p l a y  and photographed t h e  screen  t o  o b t a i n  

p i c t u r e s  of t h e  waveforms i n  t h e  v i c i n i t y  of t r a n s i e n t  events  on t h e  tape. 



As the accompanying illustrations show, we obtained pictures of the 

waveform just before, during, and just after the occurrence of the 

transients that correspond to the magnetic marks. 

In making each picture, we carefully positioned the waveform to 

put the peaks or valleys of the wave preceding the transient directly 

over the vertical graticule lines on the face of the oscilloscope. If 

the phase is continuous, then the peaks or valleys, whichever were used 

as the reference points, should still lie directly over graticule lines 

following the transient event. 

The second kind of test involves the use of a phasemeter, an 

instrument specially designed to make measurements of this kind. The 

test setup is shown in this drawing: 

TEKTRONlX  
MODEL 564 

PHASE METER OSCILLOSCOPE 

D iagram o f  Equipment Arrangement f o r  

Phase Measurement T e s t  

Using a Tandberg Model 64 four track recorder/reproducer, we recorded 

the buzz section of the Evidence Tape onto Track 1 of a blank tape to be 

used later in the phase measurement test. We simultaneously recorded onto 

Track 2 of the same tape a reference signal, which was obtained from a 

Krohn-Hite Model 4100 signal generator, and adjusted its frequency to be 

precisely the same as the frequency of the "60-HZ" tone on the Evidence 

Tape just before the event to be examined. In general the frequency of 



this tone would not be exactly 60 Hz, because the machine that recorded 

the tone onto the Evidence Tape was not running at exactly its standard 

speed, nor was its speed constant. 

We played the test tape back on the Tandberg recorder/reproducer. 

The buzz signal on Track 1 was fed through a low pass filter that ex- 

tracted the 60-Hz component, which was then fed into a phasemeter 

(Wiltron Model 350). The signal on Track 2 was fed directly into the 

phasemeter. The phasemeter output, which is the phase difference between 

the two input signals, was displayed on a Tektronix Model 564 oscilloscope 

and photographed. The amplitude of the display was calibrated at 90 degrees 

per division for measuring large phase changes, and 36 degrees per division 

for measuring smaller phase changes. 

Figure 1 illustrates the results obtained by these types of measure- 

ments at Event Time 612 seconds. Figure 2 shows similar data at Event 

Times 1061 seconds and 1065 seconds. The phase discontinuities at each 

oE these events is immediately apparent. To estimate the magnitude of 

a phase discontinuity, straight lines were fitted to the waveform of 

the phasemeter output in the regions just before and after a transient of 

interest. The phase discontinuity was determined as the phase difference 

between these lines at the start of the transient. 

The table that follows presents the estimated phase discontinuity 

at six of the events associated with magnetic marks on the Evidence Tape. 

The table does not include data for Event Times 46, 275, 1041, and 1042 

sec. At these events the observed phase changes coincide with a sizeable 

change in buzz level, so phase discontinuity cannot be taken as an un- 

ambiguous indication of recorder stops and starts at these points. However, 

the event at 49 sec. is included even though the level changes here, because 

the phase discontinuity coincides with an abrupt change in phase slope. 

This means that both the phase of the buzz and the speed of the recording 

are discontinuous at this event, which can occur only if the recorder was 

stopped and restarted. 



~~~"~49 4 k-soms 
T = 612 sec 1 

Figure 1. Results of Phase Continuity Tests on Event a t  

612 seconds in Buzz Section 



T = 1061 sec 

T = 1065 sec 
1 

Figure 2. Resul ts  of Phase Continui ty Tes ts  on Events a t  

1061 and 1065 seconds i n  Buzz Sect ion 



Event Event Event 
No. Code Time 

(seconds) 

Estimated 
Event Occurrence Phase Change 

(degrees) 
comments 

Table 1, Phase Changes At Six Events on the Evidence Tape 

4 

5 

7 

8 

11 

12 

B 2 

D 

F ' 

G 

H 
A 

H~ 

No signal immediately followed 
the event. 

Phase after 48.6 seconds was 
compared with the phase of the 
signal just before 48.3 seconds. 

Below the resolution of the 
phasemeter. 

The phase discontinuity was 
measured across the pair of 
record-head marks. 

The underhum region is too brief 
to allow the phasemeter to settle. 

The phase discontinuity was 
measured across the pair of 
record-head marks. 

The underhum following the 
quartet was sufficiently long, 
55 msec, to permit measurement 
of phase. 

155 

612 

1061 

1065 

Record-Head off 

Record-Head on 

Erase-Head off 

Record-Head on 

Record-Head off 
Record-Head on 

Erase-Head off 

Record-Head off 

Record-Head on 

Erase-Head off 

Record-Head on 

Record-Head on 

undeterminable 

160 

undeterminable 

3 0 

150 

Undeterminable 

5 0 

3 5 

50 

180 



Conclusion 

Since phase s h i f t s  a r e  associa ted  with t h e  s top / s t a r t  events  l i s t e d  

i n  t h e  t a b l e  above, we conclude t h a t  t h e  recorder was stopped and r e s t a r t e d  

a t  each of these  po in t s  i n  t h e  buzz sec t ion  of t h e  recording. The lack  of 

phase con t inu i ty  shows t h a t  the  marks l e f t  by t h e  Record/Erase head a t  these  

po in t s  could not  have occurred a s  a r e s u l t  of e l e c t r i c a l  t r a n s i e n t s  i n  t h e  

recording system while t h e  tape was i n  continuous motion. 



~ e c h n i c a l  Note 5 

AVERAGE SPECTRA OF THE BUZZ 

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

a  sound of  harsh  q u a l i t y ,  and n o t i c e s  t h a t  i t s  loudness  changes a t  s e v e r a l  

p o i n t s  i n  t h e  recording.  However, a  person simply by l i s t e n i n g  cannot  

determine what component sounds made up t h e  buzz o r  whether t h e  components 

change s i g n i f i c a n t l y  a t  segment boundaries  i n  t h e  record ing .  Th i s  Tech- 

n i c a l  Note d e s c r i b e s  t h e  methods we used t o  determine these  c h a r a c t e r i s t i c s ,  

p r e s e n t s  t h e  r e s u l t s  we ob ta ined ,  and d i s c u s s e s  t h e  conc lus ions  t h a t  can 

be de r ived  from t h e s e  r e s u l t s .  

To determine t h e  composition o f  t h e  buzz we used a  spectrum a n a l y z e r .  

This  dev i ce  measures t h e  frequency and ampli tude of each sound t h a t  con- 

t r i b u t e s  t o  t h e  o v e r a l l  sound being analyzed.  The ou tpu t  of  t h e  ana lyze r  

i s  c a l l e d  t h e  spectrum of  t h e  i npu t  s i g n a l .  I t  u s u a l l y  i s  po r t r ayed  i n  

t h e  form o f  a  graph i n  which t h e  f r equenc i e s  of  s i g n a l  components a r e  

i n d i c a t e d  on t h e  h o r i z o n t a l  a x i s  and t h e i r  ampli tudes by t h e  h e i g h t  o f  

peaks above t h i s  a x i s .  For example, t h e  spectrum o f  a  pure  tone ,  such 

a s  a  w h i s t l e ,  w i l l  con t a in  a  s i n g l e  peak a t  a  p o i n t  t h a t  i n d i c a t e s  t h e  

frequency o f  t h e  w h i s t l e  and w i l l  have a  h e i g h t  t h a t  i s  p r o p o r t i o n a l  t o  

t h e  s t r e n g t h  of  t h e  sound. A more complex sound, such a s  a  no t e  s t r u c k  



on a piano,  w i l l  e x h i b i t  a spectrum with peaks a t  t h e  frequency of  t h e  

no te  and a t  t h e  harmonics o r  overtones of t h e  note .  A s  w i l l  be seen ,  t h e  

buzz is  a h ighly  complex sound, c o n s i s t i n g  of  more than  seventy s i g n i f i c a n t  

components. 

Although t h e  buzz seems t o  sound much the  same throughout each s e c t i o n  

of t h e  record ing  where i t s  l e v e l  i s  cons t an t ,  t h e  buzz a c t u a l l y  v a r i e s  

somewhat from moment t o  moment. These v a r i a t i o n s  a r e  caused p r i m a r i l y  

by f l u t t e r  i n  t h e  t a p e  motion a t  t h e  t ime t h e  buzz was recorded. To avoid 

u n c e r t a i n t i e s  t h a t  t h e s e  v a r i a t i o n s  might in t roduce  i n  t h e  spectrum ana lyses ,  

we averaged t h e  sequence of spec t r a  obta ined  over  a s h o r t  i n t e r v a l  of t ime.  

The s e t u p  t h a t  we used t o  o b t a i n  t h e  average spectrum of t h e  buzz 

a t  var ious  p o i n t s  on t h e  Evidence Tape i s  shown below. 

TAPE RECORDER X-Y RECORDER 
MODEL 70358 

We reproduced t h e  Evidence Tape on a Nagra Model I11 t ape  r eco rde r .  

Spectra  of t h e  buzz were obta ined  by a Federa l  S c i e n t i f i c  Corporat ion 

Model UA 500 Ubiquitous Spectrum Analyzer, s e t  t o  cover  a 5 kHz range 

with a frequency r e s o l u t i o n  of 10  Hz. The ind iv idua l  ana lyses  determined 

t h e  frequency composition of success ive  0.1-second segments of t h e  buzz, 

and 128 succes s ive  s p e c t r a  were averaged i n  t he  ana lyzer  t o  o b t a i n  t h e  

f i n a l  ou tpu t ,  which then  was p l o t t e d  by t h e  X-Y r eco rde r .  

The technique desc r ibed  above was used t o  o b t a i n  average s p e c t r a  

a t  n ine  p o i n t s  i n  t h e  buzz: t h e  s t a r t  of t he  buzz, t h e  end of buzz, and 

j u s t  before  and a f t e r  Events B ,  D l  E, F ' ,  G I  C ,  and H. For t h e  s p e c t r a  

obta ined  a f t e r  Event E and before  Event C t h e  s e n s i t i v i t y  of t h e  spectrum 

analyzer  was inc reased  by 10 dB t o  compensate f o r  t h e  approximately 1 0  dB 



decrease in the buzz level in these regions of the tape. The results of 

the analyses are presented in Figures 1 through 16. 

The first conclusion we draw from these spectra is that the buzz 

is made up exclusively of harmonics of the power line frequency, 60 HZ, 

and that almost all of the energy is contained in odd harmonics. The 

harsh quality of the buzz sound probably is due to the presence of 

significantly strong odd harmonics up to about 2500 Hz. 

The large number of harmonics present in the buzz spectrum indicates 

that the waveform of the buzz signal is pulselike in character. This is 

borne out by photographs of the waveform, such as the one shown in Figure 

17. As can be seen, the buzz signal consists of a distorted 60-Hz sine- 

wave combined with a complex pattern of narrow pulses. The spectrum com- 

ponents up to 300 Hz are related primarily to the sinewave. The components 

above 300 Hz correspond mainly to the pulses. 

The average spectrum of the buzz before Event B, shown in Figure 2, 

is essentially identical to the average spectrum after the event, as seen 

in Figure 3. The same is true at Events D ,  F ' ,  G I  and H. Even at Events 

E and C, where the buzz level changed by 10 dB, only minor differences 

are observed in the overall shape and in most of the fine details of the 

average spectra before and after these Events. 

At a few points in the average spectra before and after Event E l  

shown in Figures 6 and 7, noticeable differences show up in the fine 

details of the spectra. However, since the speed of the tape and the 

phase of the signal were continuous at this event, the buzz immediately 

before and after the event must have been recorded by the same machine 

with continuous tape motion. Consequently, the differences observed 

in the spectra before and after Event E are not significant. Differences 

of the same sort are observed in the spectra before and after Event C, 

in Figures 12 and 13. It is worth noting that the spectra of the loud 

buzz after Event C, Figures 13 through 16, are almost identical to those 

before Event E l  Figures 1 through 6, pointing toward a common source of 

these recorded sections of the tape. 



These observa t ions  suppor t  t h e  second conclusion,  t h a t  t h e  e n t i r e  

buzz s e c t i o n  was recorded on t h e  same machine, s i n c e  record ings  made on 

d i f f e r e n t  machines would almost  c e r t a i n l y  have r e s u l t e d  i n  s i g n i f i c a n t  

d i f f e r e n c e s  i n  both t h e  f i n e  d e t a i l s  and o v e r a l l  shape of  t h e  s p e c t r a  

be fo re  and a f t e r  one o r  more of t h e  segment boundaries.  

0 1000 2000 3000 4000 
FREQUENCY IN Hz 

Figure  1. Average spectrum o f  the  buzz a t  the  s t a r t  o f  buzz. 



Figure 3. Average spectrum of the buzz j u s t  a f t e r  Event B. 



Figure  4. Average spectrum o f  the  buzz j u s t  be fore  Event D. 
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Figure  5. Average spectrum o f  t he  buzz j u s t  a f t e r  Event D. 



Figure 6. Average spectrum o f  the buzz j u s t  before Event E. 
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Figure 7. Average spectrum o f  the buzz j u s t  a f t e r  Event E. 
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F igure 8. Average spectrum o f  the  buzz j u s t  before Event F' .  
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Figure 9 .  Average spectrum o f  the  buzz j u s t  a f t e r  Event F ' .  
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F igure 10. Average spectrum o f  the buzz j u s t  before Event G. 
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F igure  11. Average spectrum of t h e  buzz j u s t  a f t e r  Event G. 



2000 3000 
FREQUENCY IN Hz 

Figure 12. Average spectrum o f  the buzz j u s t  before Event C. 
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Figure 13. Average spectrum of the buzz j u s t  a f te r  Event C. 



Figure 14. Average spectrum o f  the buzz j u s t  before Event HA. 
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Figure 15. Average spectrum o f  the buzz j u s t  a f t e r  Event HB. 



Figure  16. Average spectrum of t h e  buzz a t  t he  end o f  the  buzz. 

F igure  17. Waveform of t he  buzz. 



Technical  Note 6 

FLUTTER ANALYSIS FOR IDENTIFYING TAPE RECORDERS 

1. P r i n c i p l e s  

When a  magnetic t a p e  is moving a t  a  cons t an t  speed,  a  recorded s i g n a l  

having cons t an t  wavelength is  reproduced a s  a  cons t an t  frequency. I n  

r e a l i t y  t h e  t a p e  d r i v e  mechanisms of  a l l  t a p e  r e c o r d e r s  have mechanical 

imper fec t ions  t ha t .  cause t h e  t ape  speed t o  vary  s l i g h t l y  above and below 

i t s  average value.  The constant-wavelength record ing  i s  reproduced a s  

a  s l i g h t l y  vary ing  frequency because t h e  reproduced frequency i s  d i r e c t l y  

p ropor t i ona l  t o  t h e  reproducing speed. In  o t h e r  words, t h e  s i g n a l  i s  

frequency modulated by t h e  speed v a r i a t i o n s  [ I ] .  Th i s  e f f e c t  i s  w e l l  

known i n  t h e  f i e l d  of  sound record ing ,  and expla ined  i n  d e t a i l  i n  t h e  

r e f e r ences  t o  t h i s  t e c h n i c a l  note.  Because t h e  frequency v a r i a t i o n s  a r e  

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  speed v a r i a t i o n s ,  and because t h e  aud ib l e  

e f f e c t  i s  c l o s e l y  r e l a t e d  t o  t h e  frequency v a r i a t i o n s ,  a l l  t h r e e  processes  

have come t o  be known c o l l o q u i a l l y  a s  " f l u t t e r t 1 [ 2 ] .  The con tex t  u s u a l l y  

makes t h e  s p e c i f i c  meaning c l e a r .  

The peak ampli tude of  f l u t t e r  i s  def ined  a s  F = A f / f  , where f  is  
0 0 

t h e  average frequency of  t h e  s i g n a l ,  and A f  i s  t h e  frequency d e v i a t i o n  

( t h a t  i s ,  t h e  d i f f e r e n c e  between t h e  maximum o r  t h e  minimum ins tan taneous  

frequency of  t h e  s i g n a l ,  and i t s  average frequency)  produced by t h e  speed 

v a r i a t i o n s .  The f r equenc i e s  a t  which t h e  speed v a r i a t i o n s  occur  a r e  c a l l e d  

f l u t t e r  modulating f r equenc i e s ,  f . A p l o t  o r  t a b l e  of  t h e  f l u t t e r  ampli- 
m 

tudes  a s  a  func t ion  o f  t h e  f l u t t e r  modulating frequency i s  c a l l e d  a  f l u t t e r  

spectrum. 



The f l u t t e r  modulating f r equenc i e s  a r e  determined by t h e  r o t a t i o n a l  

f r equenc i e s  o f  such mechanical e lements  a s  t h e  caps tan  and i t s  d r i v i n g  

system, t h e  r e e l s  and t h e i r  d r i v i n g  system, e t c .  The f l u t t e r  ampl i tudes  

a r e  determined by t h e  magnitudes of  t h e  mechanical imper fec t ions  o f  

t h e s e  same elements  [3], Thus it i s  u s u a l l y  p o s s i b l e  t o  use t h e  f l u t t e r  

spectrum found on a recorded t a p e  t o  i d e n t i f y  both t h e  model of t h e  t a p e  

r eco rde r  used t o  make t h e  record ing  and,with l e s s  c e r t a i n t y ,  t h e  i n d i v i d u a l  

r eco rde r  i t s e l f .  

Analys i s  of  t h e  f l u t t e r  modulating f requenc ies  and ampli tudes i s  

u s u a l l y  done d i r e c t l y  by frequency demodulation of  t h e  modulated s i g n a l ,  

and spectrum a n a l y s i s  of  t h i s  demodulated f l u t t e r  s i g n a l  [ 4 ] .  Commercially- 

a v a i l a b l e  f l u t t e r  meters  and ana lyze r s  a r e  intended f o r  use wi th  a s t anda rd  

t e s t  frequency of 3150 H z ;  t hey  employ a frequency demodulator which 

o p e r a t e s  over  a r e s t r i c t e d  frequency range. They d i r e c t l y  measure t h e  

frequency f and amplitude F of  t h e  f l u t t e r .  m 
I n  u s ing  f l u t t e r  a n a l y s i s  t o  i d e n t i f y  t h e  t ape  r eco rde r  used t o  

record  a p a r t i c u l a r  t a p e ,  one i s  very u n l i k e l y  t o  have t h e  s t anda rd  3150 Hz 

t e s t  tone.  I t  i s  not. uncommon, however, when t h e  recorder  i s  ope ra t ed  

from ac powerl ines ,  f o r  a low-level "hum" t o  be recorded on t h e  t a p e  due 

t o  leakage of  hum i n t o  t h e  record ing  system. Since t h e  power companies 

r e g u l a t e  t h i s  frequency r a t h e r  c a r e f u l l y ,  t h e  ~O-HZ hum can be used a s  

t h e  " t e s t  tone" f o r  f l u t t e r  a n a l y s i s .  S ince  commercial f l u t t e r  meters  do 

no t  func t ion  wi th  "hum" f requenc ies  (e .g . ,  60 Hz) a s p e c i a l  demodulator 

would need t o  be cons t ruc ted .  

An a l t e r n a t e  technique of  f l u t t e r  a n a l y s i s  having g r e a t  f l e x i b i l i t y  

i s  t h e  use  of d i r e c t  spectrum a n a l y s i s  of t h e  "hum" s i g n a l  and i t s  s idebands.  

We c a l l  t h i s  " f l u t t e r  sideband spectrum ana lys i s . "  From t r a d i t i o n a l  frequency- 

modulation theo ry  [5] , 

s i n  2n.E t + J (m ) 
0 I f 

[ s i n  2n ( f  + 
0 

f )t- s i n  2 n ( f  - 
m 0 

where e i s  t h e  ins tan taneous  va lue  of  t h e  waveform (hum s i g n a l  p l u s  s i d e b a n d s ) ,  

A i s  an a r b i t r a r y  cons t an t  de te rmin ing  t h e  amplitude of  a l l  components, 

J (m ) a r e  Bessel  func t ions  of  t h e  n ' t h  o r d e r ,  
n f  

m i s  t h e  "modulation index", A f / f m ,  
f  

A f  i s  t h e  frequency d e v i a t i o n ,  



f  i s  t h e  modulating frequency and 
m 

f  i s  t h e  frequency of t h e  s i g n a l ,  which i s  c a l l e d  a " c a r r i e r "  
0 

in frequency-modulation theory.  

The f i r s t  term i n  t h e  equat ion  r e p r e s e n t s  t h e  " c a r r i e r " ,  w i th  frequency f 
0 

and r e l a t i v e  amplitude J (m ) .  The second term r e p r e s e n t s  two "sidebands", 
0 f 

wi th  f requencies  f  = ( f o  - f  ) and f = ( f  + f  ) ,  and r e l a t i v e  ampli- 
s 1 m s2 0 m 

tudes  J (m 1. 
1 f 

For small  va lues  of t h e  modulation index m say m (0.5,  J o ( m f )  + 0.94 :: 1; 
f '  f 

J (m ) = m / 2 ;  and h igher  o rde r  terms a r e  n e g l i g i b l e .  
1 f f  

From t h i s ,  we s e e  t h a t  t h e  r a t i o  of sideband amplitude a s t o  c a r r i e r  

amplitude a f o r  small  modulation i n d i c e s  i s  a /a  = m f / 2 .  But We want 
0 S 0 

f l u t t e r  F = A f / f  no t  modulation index m 
0 f : 

F = A f / f  = ( A  f / f  ) (fm/fo)  = mf(fm/fo)  
0 m 

and f i n a l l y  

The above approximation i s  v a l i d ,  f o r  i n s t ance ,  when a 60 Hz " c a r r i e r "  

frequency i s  used t o  measure f l u t t e r  whose modulating frequency i s  g r e a t e r  
* 

than  0.5 Hz, and whose amplitude i s  l e s s  than 4 p e r  m i l l .  

A s  we have shown above, t h e  " f l u t t e r  spectrum" and t h e  " f l u t t e r  s ide-  

band spectrum" a r e  no t  t h e  same, b u t  they  do con ta in  t h e  same information,  

and e i t h e r  can be c a l c u l a t e d  d i r e c t l y  from t h e  o t h e r  by us ing  t h e  formula 

given above. In  o rde r  t o  compare t h e  f l u t t e r  on one record ing  t o  t h e  f l u t t e r  

on another  record ing ,  we may compare t h e  f l u t t e r  sideband s p e c t r a  d i r e c t l y .  

However, when we wish t o  compare t h e  f l u t t e r  on a record ing  t o  t h e  mechanical 

elements of t h e  t a p e  r eco rde r  t h a t  cause t h e  f l u t t e r ,  it i s  necessary  t o  

conver t  t h e  f l u t t e r  sideband spec t r a  t o  f l u t t e r  spec t r a .  

* pe r  m i l l  = p a r t s  pe r  thousand 



2. Measurement of  F l u t t e r  Sideband Spec t r a  and Ca lcu l a t i on  o f  

F J u t t e r  Spec t r a  on t h e  Evidence Tape 

On an i d e a l  t a p e  record ing ,  hum s i g n a l s  would be s o  small  a s  t o  be  

v i r t u a l l y  unde tec tab le .  However, examination of  t h e  speech r eco rd ing  

s e c t i o n  of t h e  Evidence Tape r evea l ed  t h a t  t h e  record ing  conta ined  a 

l a r g e  powerline "hum" component t h a t  had been picked up i n  t h e  micro- 

phone mixing and feed system. The buzz s e c t i o n  a l s o  contained a l a r g e  

"humt' picked up from t h e  powerline.  Therefore ,  w e  could perform f l u t t e r  

spectrum a n a l y s i s  on t h e s e  hum record ings .  The Evidence Tape was p layed  
* 

back on a Nagra I11 r e c o r  er-reproducer .  The s i g n a l  was then  f ed  i n t o  d 
a Model UA-500 Ubiquitous Spectrum Analyzer manufactured by Federa l  

S c i e n t i f i c  Corporat ion.  The f l u t t e r  sideband s p e c t r a  were p l o t t e d  on a 

Hewlett-Packard Model 7035B X-Y g r aph ic  recorder .  

We measured a t y p i c a l  f l u t t e r  s ideband spectrum from t h e  ~ O - H Z  hum 

s i g n a l  on a speech p o r t i o n  o f  t h e  Evidence Tape. This  is shown i n  Fig.  1 ,  

(We have p laced  a l l  of  t h e  f i g u r e s  t o g e t h e r  a t  t h e  end of t h i s  t e c h n i c a l  

no t e ,  pages 6.11 - 6.17. This  f a c i l i t a t e s  comparing one f i g u r e  w i th  

another . )  Table  1 t a b u l a t e s  t h e  s i g n i f i c a n t  f l u t t e r  f requenc ies  and 

ampli tudes c a l c u l a t e d  from t h i s  spectrum of  t h e  speech s e c t i o n  b e f o r e  

t h e  buzz. 

S i m i l a r l y ,  Fig. 2 through 5 show t h e  f l u t t e r  sideband s p e c t r a  a t  

va r ious  p o s i t i o n s  w i th in  t h e  buzz s e c t i o n  of  t h e  Evidence Tape. We 

c a l c u l a t e d  t h e  major f l u t t e r  f r equenc i e s  and ampli tudes and t h e s e  a r e  

a l s o  given i n  Table 1. 

The f l u t t e r  sideband s p e c t r a ,  and t h e  t a b l e  of f l u t t e r  s p e c t r a ,  

show t h a t  t h e  f l u t t e r  s p e c t r a  f o r  t h e  speech s e c t i o n  of t h e  Evidence Tape, 

and t h e  fo l lowing  buzz s e c t i o n  of  t h e  Evidence Tape, a r e  q u i t e  d i f f e r e n t .  

* Because of  equipment l i m i t a t i o n s ,  and i n  o r d e r  t o  save a n a l y s i s  t i m e ,  

t h e  reproduct ion  was performed a t  95 mm/s (3.75 i n / s ) ,  which i s  f o u r  

t imes  t h e  o r i g i n a l  speed of  t h e  Evidence Tape, 24 mm/s (15/16 i n / s ) .  

Thus t h e  f requenc ies  i n  a n a l y s i s  were a l l  a t  f ou r  t imes t h e i r  o r i g i n a l  

v a l u e s ,  For c l a r i t y  of p r e s e n t a t i o n ,  t h i s  r e p o r t  r e f e r s  on ly  t o  t h e  

o r i g i n a l  f requenc ies .  



Table  1 F l u t t e r  S p e c t r a  from t h e  Evidence Tape 

NOTE: "-" i n d i c a t e s  a m p l i t u d e  a t  t h i s  f r e q u e n c y  i s  e q u a l  t o  t h e  n o i s e  l e v e l  a t  t h i s  f r e q u e n c y .  

Frequency/ 
[HZ] 

0 . 3 5  

0 .7  

1 . 2 5  

1 . 4  

1 . 5  

1 . 9  

3. Mechanical A n a l y s i s  o f  t h e  Sony and Uher Recorders ,  

Measurement of t h e i r  F l u t t e r  Sideband S p e c t r a ,  and 

C a l c u l a t i o n  o f  t h e i r  F l u t t e r  S p e c t r a  

3.1 Sony 800B Recorders  

F l u t t e r  / [ p e r  m i l l ]  

Mechanical  a n a l v s i s  

I n  Speech S e c t l o n  
Before  Buzz 

1 . 2  

1 . 9  

1 . 8  

3 . 0  i 1 . 4  
1 

3 . 6  1 3.4 

3.8 - 

7 . 2  - 

8.C 3 . 0  

The Sony 800B r e c o r d e r  u s e s  a s e r v o - c o n t r o l l e d  c a p s t a n  motor whose 

s h a f t  i s  i t s e l f  t h e  c a p s t a n  t h a t  d r i v e s  t h e  t a p e .  The c a p s t a n  d i a m e t e r  

i s  4.0 mm. Thus w i t h  a t a p e  speed o f  24 mrn/s ,  s imple  e c c e n t r i c i t y  pro-  

duces  a f l u t t e r  f requency  o f  1 .9  Hz, and e l l i p t i c i t y  p roduces  a f l u t t e r  

f requency  o f  3.8 Hz. The t a p e  i s  d r i v e n  by f r i c t i o n  between t h e  c a p s t a n  

and a f r e e l y  r o t a t i n g  r u b b e r  p u l l e y  ( " c a p s t a n  i d l e r " )  whose d i a m e t e r  i s  

23.6 mm, p roduc ing  a f requency o f  abou t  0.35 Hz f o r  s imple  e c c e n t r i c i t y .  

The r e e l  is  d r i v e n  by a b e l t - d r i v e n  c l u t c h  whose f requency  i s  

0.7 Hz. A s  t a p e  winds o f f  t h e  r e e l ,  t h e  t a p e  pack r a d i u s  v a r i e s  from 

54 mm t o  23 mm. A t  t h e  t a p e  speed o f  24 mm/s, t h e  r o t a t i o n a l  s p e e d s  

v a r y  from 0.07 t o  0.16 r e v / s ,  g i v i n g  f l u t t e r  f r e q u e n c i e s  from 0.07 Hz t o  

0.16 Hz, cor responding  t o  p e r i o d s  o f  1 4 , 3  s t o  6.0 s. 

I n  Buzz S e c t i o n  

1 . 6  

3.8 

- 

Event  a t  
Tlme 1 s 

0 . 7  

0 . 5  

I 
1 . 0  

3.2 ' -  
I 

1 . 6  
I - 

2 . 0  

3.4 4 .3  
- - 

1 . 0  

i - 

4.3  4.3 

E v e n t  at 
Tlme 1043 s 

- 

0.9 

- 
- 

1 . 3  1 . 6  

Event  a t  1 E v e n t  a t  

I .  3 

Time 50 s 

1 . 0  

- 

Time 275 s 

0.8 

- 
- 



Flutter sideband spectrum measurement and flutter calculations 

A 60-Hz tone from a Kron-Hite Model 4100 oscillator was recorded 

onto blank tape by means of each of six Sony 800B's used in the Executive 

Office Building and in the Oval Office. The 60-Hz tone was recorded 

at a level corresponding to the midrange of the recording-level indicator 

on each machine. Then a flutter sideband spectrum analysis was per- 

formed by the means described in Sec. 2 The spectra are shown in Figs. 6 

through 11. The flutter frequencies and magnitudes have been calculated 

for these recorders and are shown in Table 2. 

Two points are worth comment: First, that the measured flutter 

frequencies correspond to the frequencies expected from the mechanical 

analysis, except for the one small unexplained flutter component at 

1.25 HZ. Second, that the flutter amplitude at each frequency is 

quite variable from one recorder to another. 

3.2 Uher 5000 Recorders 

Mechanical Analysis 

The Uher 5000 uses an induction motor operating from the powerline, 

driving an intermediate rubber idler, which in turn drives the flywheel 

that is on the capstan shaft. The motor operates at approximately 

1740 rev/s, giving a frequency of 29 Hz. The intermediateidler frequency 

is 3.6 Hz. The capstan diameter is 5.0 mm. Thus with a tape speed of 

24 mm/s, simple eccentricity produces a flutter frequency of 1.5 Hz, and 

ellipticity produces a flutter frequency of 3.0 Hz. The capstan idler 

diameter is 21.8 mm, producing a frequency of 0.35 for simple eccentricity. 

As with the Sony, the reel is driven by belt-driven clutch whose fie- 

quency is 0.7 Hz. The reel radii and frequencies are the same as those 

of the Sony since the same reel sizes are used on both machines in this 

work. 



Table 2 Flutter Spectra from Six Sony 800B Recorders 

2 X Reel-drive clutch 

NOTE: "-" indicates amplitude at this frequency is equal to the noise level at this frequency 

Flutter sideband spectrum measurement and flutter calculations 

The recording of tones and the sideband spectrum analysis were carried 

out as before on the Uher 5000's "Exhibit 60" and "Secret Service," 

and the spectra are shown in Fig. 12 and 13. The flutter frequencies 

and magnitudes have been calculated for these two recorders, and are 

shown in Table 3. 

As with the Sony recorders, the frequencies correspond to those 

calculated by mechanical analysis, and the differences between the two 

individuals are rather large. 



4. Determining Which Model Tape Recorder Recorded the Speech 

and the Buzz Sections of the Evidence Tape 

This section is predicated on the assumption discussed elsewhere 

that only Sony 800B and Uher 5000 recorders might have been used in re- 

cording and erasing the Evidence Tape. 

4.1 Comparison of Sony and Uher Flutter Spectra 

The capstan idlers on both the Sony and the Uher recorders produce 

0.35 Hz flutter, and the reel-drive clutches both produce 0.7 Hz flutter. 

Therefore the amplitudes of these two components mean little in dis- 

tinguishing Sony recordings from Uher recordings. The components 

at 1.4 Hz and 1.5 Hz are characteristic of these recorders, but 

the noise background amplitude in the Evidence Tape makes it very difficult 

in this particular case to distinguish a 1.4 Hz component from a 1.5 Hz 

component. Therefore we will not consider the component amplitudes at 

1.4 Hz and 1.5 Hz. 

The clearest differences between Sony and Uher flutter spectra are 

seen at 1.9 Hz (Sony capstan frequency), and at 3.6 Hz (Uher intermediate 

idler frequency): Table 2 shows that all of the Sonys tested show 

appreciable flutter at 1.9 Hz, and no flutter at 3.6 Hz. Table 3 shows 

that both of the Uhers tested show no flutter at 1.9 Hz, and appreciable 

flutter at 3.6 Hz. Thus the flutter frequencies of 1.9 Hz and 3.6 Hz 

should be examined in order to differentiate Sony recordings from Uher 

recordings. 

4.2 Comparison of Flutter Spectra of the Speech and Buzz Sections 

of the Evidence Tape 

Table 1 shows that the recording of the speech before the buzz section 

contains a large flutter component at 1.9 Hz, and no flutter component at 

3.6 Hz. These findings point to a Sony 800B. The amplitudes of the other 

components are consistent with those found in the Sony 800B flutter spectra 

of Table 2. Thus we conclude that the speech section was certainly re- 

corded on a Sony 800B, 



Table 3 F l u t t e r  Spectra  from Two Uher 5000 Recorders 

F l u t t e r  / [per  m i l l 1  

Frequency/ 
[Hz1 

Table 1 a l s o  shows t h a t  t h e  s eve ra l  record ings  of t h e  buzz a l l  

I 0.35 

0.7 

1.25 

1.4 

1 . 5  

1 1.9 1 3.0 

1 3.6 

I 3.8 

7 . 2  

conta in  a l a r g e  f l u t t e r  component a t  3.6 Hz, and no component a t  1.9 Hz. 

Mechanical 
Element 

These p o i n t  t o  a Uher 5000. The amplitudes of t h e  o t h e r  components a r e  

* NOTE: "-" i nd ica te s  amplitude a t  t h i s  frequency i s  equal  t o  t h e  no i se  l e v e l  a t  t h i s  frequency. 

Capstan i d l e r  

Reel-drive c l u t c h  

None 

2 x Reel-drive c l u t c h  

Capstan 

None 

2 X Capstan 

Intermediate  i d l e r  

c o n s i s t e n t  wi th  those  found in  t h e  Uher 5000 f l u t t e r  s p e c t r a  of  Table 3. 

S e c r e t  Service  

Thus we conclude t h a t  a l l  of t h e  buzz s e c t i o n  was c e r t a i n l y  recorded on 

Exhib i t  60 

0.9 

0.4 

1 . 3  

- 

I 3.0 

a Uher 5000. 

I 
- 

0.7 

- 
- 

1 .2  

- 

1.4 

4.8 

5. Determining Which Sony Recorder Recorded t h e  Speech Sec t ion  

The f l u t t e r  spectrum of t h e  speech s e c t i o n  of  t h e  Evidence Tape 

(Table 1) may be compared with t h e  f l u t t e r  s p e c t r a  of t h e  s i x  Sony 800B 

reco rde r s  i n  evidence (Table 2 ) .  The f l u t t e r  spectrum on t h e  Evidence 

Tape con ta ins  3.2 p e r  m i l l  of f l u t t e r  a t  1.9 Hz, and 2.3 p e r  m i l l  a t  

3.8 Hz. The f l u t t e r  s p e c t r a  of t h e  s i x  Sony 800B reco rde r s  do no t  con- 

t a i n  t h e s e  ampli tudes a t  t hese  frequencies .  On t h e  b a s i s  of t h i s  evidence, 

we must conclude t h a t  a l though t h e  speech s e c t i o n  of t h e  Evidence Tape 

was c e r t a i n l y  recorded on some Sony 800B, it was no t  one of t h e  Sonys 

t h a t  we t e s t e d .  

- 

1.9 

I 
None 

2 X Intermediate  i d l e r  1 .8  



6. Determining Which Uher Recorder Recorded t h e  Buzz Sec t ion  

The f l u t t e r  spec t r a  of t h e  s e v e r a l  p a r t s  of t h e  buzz s e c t i o n  of  

t h e  ~ v i d e n c e  Tape (Table 1) may be compared with t h e  f l u t t e r  s p e c t r a  of  

t h e  two Uher 5000 r eco rde r s  i n  evidence (Table 3 ) .  For ease  of  comparison, 

t he  c r i t i c a l  f requencies  a r e  re - tabula ted  i n  Table 4. Inspec t ion  of  t h i s  

t a b l e  shows a good c o r r e l a t i o n  a t  a l l  of t h e  c r i t i c a l  f requencies  between 

t h e  f l u t t e r  spectrum of t h e  buzz s e c t i o n  and t h a t  of t h e  Uher "Exhib i t  60." 

The c o r r e l a t i o n  wi th  t h e  S e c r e t  Se rv i ce  Uher i s  no t  a t  a l l  good. We 

t h e r e f o r e  conclude t h a t ,  given t h e s e  two Uher 5000 r eco rde r s ,  t h e  buzz 

s e c t i o n  was very  l i k e l y  recorded on t h e  Uher 5000 "Exhibi t  60." 

Table 4 Comparison of C r i t i c a l  Frequencies i n  t h e  F l u t t e r  Spec t ra  

of Two Uher Recorders and t h e  Buzz Sec t ion  

Frequency/ 
F l u t t e r  / [ p e r  m l l l l  

I I1 

I ~ Tape Recorder I 

I !  
F a r t  of Buzz Sec t lon  

s e c r e t  Se rv l ce  Exh lb l t  60 
Average I 

of 4 

I 
I - 

.9 

1.7 

3.7 
I 

Event a t  
Tlme 275 s 

0.8 

1.6 

3.4 

, 0.35 

0.7 

3.0 

3.6 

Event a t  
Tlme 1043 s 1 

- 
0.9 

2.0 

4.3 

Event a t  
Tlme 1 s 

0.7 

1.4 

3.4 

1 

I 
0.9 I 

- 

0.4 1 0.7 
I - 

I i 1 3.0 1 4.8 

Event a t  
Tlme 50 s 

- 
1.0 

1.6 

3.8 



INDEX OF FLUTTER SIDEBAND SPECTRA 

1. Speech recording before buzz 

2. Buzz a t  1 s. 

3. Buzz a t  50 s. 

4. Buzz a t  276 s. 

5. Buzz a t  1043 s. 

6. t h r u  11. Sony recorders  

12 .  Uher "Secret Service" 

13. Uher "Exhibit 60" 
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Flg. 1. F l u t t e r  s l d e b a n d  s p e c t r u m  of t h e  h u m  I n  t h e  Ev idence  Tape speech 
r e c o r d l n g  b e f o r e  t h e  b u z z  sect lon.  R e s o l u t l o n ,  0.05 Hz. 
Average of 2 spect ra ,  20 s  each. D u r a t l o n  of s l g n a l  ana lyzed ,  40 s. 
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Flg, 2. F l u t t e r  s l d e b a n d  s p e c t r u m  of  t h e  b u z z  I n  t h e  E v l d e n c e  Tape b u z z  
s e c t l o n  b e g l n n l n g  a t  E v e n t  T l m e  1 s. R e s o l u t l o n ,  0.05 Hz. 
A v e r a g e  o f  2 s p e c t r a ,  20 s  each.  D u r a t l o n  o f  s l g n a l  a n a l y z e d ,  40  s. 
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Flg, 3. F l u t t e r  s l d e b a n d  s p e c t r u m  of  t h e  b u z z  I n  t h e  E v l d e n c e  Tape  b u z z  
s e c t l o n ,  b e g l n n l n g  a t  E v e n t  T l m e  5 0  s. R e s o l u t i o n ,  0.05 Hz. 
A v e r a g e  of 8 s p e c t r a ,  2 0  s  each.  D u r a t i o n  o f  s i g n a l  a n a l y z e d ,  1 6 0  s. 
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Average  of 8 spec t ra ,  20 s  each. D u r a t l o n  of s l g n a l  analyzed,  160 s. 
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F l u t t e r  s l d e b a n d  s ~ e c t r u m  of t h e  b u z z  I n  t h e  Ev l dence  Tape b u z z  - 
section, b e g l n n l n g  a t  Even t  T lme  1043 s. R e s o l u t l o n ,  0.05 Hz. . 

Ave rage  of 2  spec t ra ,  20 s each. D u r a t l o n  of s l g n a l  ana lyzed ,  40 s. 



CORRECTED FREQUENCY IN HERTZ 

Flg. 6. F l u t t e r  s l deband  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  S o n y  80DB 
r e c o r d e r  SN 12 330, " E O B  A". R e s o l u t l o n ,  0.05 Hz. 
Average  of 8  spec t ra ,  20 s  each. D u r a t l o n  of s l g n a l  ana lyzed ,  160  s. 
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7. F l u t t e r  s l deband  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  S o n y  8008 
r e c o r d e r  S N  15 367, "EOB B". R e s o l u t l o n ,  0.05 Hz. 
Average  of 8  spec t ra ,  20 s  each. D u r a t l o n  of s l g n a l  ana lyzed ,  160 s. 
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Flg. 8. F l u t t e r  s l d e b a n d  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  S o n y  800B 
r e c o r d e r  SN 1 4  384, "EOB Cat. Reso lu t l on ,  0.05 Hz. 
Average  of 8  spect ra ,  20 s  each. D u r a t l o n  of s l gna l . ana l yzed ,  160 s, 

0 

o m  
+d 

m 
-10 

> w  
Fa 
a 
A Z  ; w--20 
0 

A =  
w k  
>J w a - 3 0  
A Z  

a 
0 
zc 
fiE a W-40 

~5 
m u  

-50 
50 52.5 55 57.5 60 62.5 65 67.5 70 

CORRECTED FREQUENCY IN HERTZ 

Flg. 9. F l u t t e r  s l d e b a n d  s p e c t r u m  of a 60-Hz t e s t  r e c o r d l n g  f r o m  S o n y  8008  
r e c o r d e r  SN 11 561, " O ~ a l  O f f l ~ e ~ ~ .  R e s o l u t l o n ,  0.05 Hz. 
Average  of 8  spec t ra ,  20 s  each. D u r a t l o n  of s l g n a l  ana lyzed ,  160 s. 
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Fig, 10. F l u t t e r  s i d e b a n d  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  S o n y  8008  
r e c o r d e r  SN 1 4  396, "Oval Off Ice". Reso lu t l on ,  0.05 Hz. 
Average  of 8  s p e c t r a ,  20 s  each .  D u r a t l o n  of s i g n a l  ana lyzed ,  160 s. 
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11. F l u t t e r  s l deband  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  S o n y  8008 

r e c o r d e r  SN 1 5  102,  "Oval Offlcetl .  Reso lu t l on ,  0.05 Hz. 
Average of 8  s p e c t r a ,  20 s each .  D u r a t l o n  of s l g n a l  ana lyzed ,  160 s. 
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Fig. 12. F l u t t e r  s l deband  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  U h e r  5000 
r e c o r d e r  l abe led  " S e c r e t  Serv lce" .  R e s o l u t l o n ,  0.05 Hz, 
Average  of 8 spect ra ,  20 s each. D u r a t l o n  of s l g n a l  -analyzed,  160 s. 
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Flg. 13. F l u t t e r  s l d e b a n d  s p e c t r u m  of a  60-Hz t e s t  r e c o r d l n g  f r o m  U h e r  5000 
r e c o r d e r  l a b e l e d  " E x h l b l t  60". R e s o l u t l o n ,  0.05 Hz. 
Ave rage  of 8 spec t ra ,  20 s  each. D u r a t l o n  of s l g n a l  analyzed,  160 s. 
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Technical Note 7 

TAPE SPEED ANALYSIS OF RECORDERS AND RECORDINGS 

Tape r eco rde r s  do n o t  u sua l ly  ope ra t e  a t  e x a c t l y  t h e i r  s tandard  

speed. The r e l a t i v e  d i f f e r e n c e  between t h e  a c t u a l  speed and t h e  s tandard  

speed of t h e  machine i s  a s p e c i f i c  mechanical c h a r a c t e r i s t i c  of each 

ind iv idua l  recorder .  The measurement of t ape  speed is  expla ined  i n  

d e t a i l  i n  t h e  l i t e r a t u r e  [l]. 

In ~ e c h n i c a l  Note 6 we descr ibed  how we measured t h e  f l u t t e r  s ide -  

band spectrum recorded on t h e  Evidence Tape by p lay ing  it on a Nagra I11 

recorder-reproducer ,  feeding  t h e  output  i n t o  a Federa l  S c i e n t i f i c  Corpora- 

t i o n  ana lyzer ,  and p l o t t i n g  t h e  frequency spectrum observed i n  t h e  v i c i n i t y  

of  60 H z .  The procedure g ives  t h e  va lue  of t h e  power l i n e  hum frequency 

a s  a c t u a l l y  recorded on t h e  tape.  The amount by which t h e  recorded f r e -  

quency d i f f e r s  from t h e  a c t u a l  frequency of 60 H z  p rovides  a measure 

of t h e  speed of  t h e  r eco rde r  on which t h e  Evidence Tape was recorded. 

We used t h e  same procedure t o  measure t h e  t a p e  speed on t h e  e i g h t  

record ing  machines being s tudied .  These were s i x  Sony r eco rde r s  and two 

Uher r eco rde r s  provided t o  u s  a s  evidence equipment. On each of  t h e s e  

machines we made a t e s t  t a p e  by record ing  a tone  of  exac t ly  60 Hz, and 

then  we measured the recorded frequency i n  t h e  manner explained above. 

The r e s u l t s  of t h e  measurements of t h e  Evidence Tape a r e  given i n  

Table 1. The r e s u l t s  of  t h e  measurements of t h e  e i g h t  t a p e  r eco rde r s  

a r e  given i n  Table 2 ,  



Through t h e s e  t e s t s  we found t h a t  a l l  t h e  t ape  r eco rde r s  show a 

d r i f t  i n  speed of about - + 5 p a r t s  p e r  thousand (per  m i l l ) .  Therefore ,  

d i f f e r e n c e s  between machines must be  l a r g e r  than  t h i s  amount t o  p rov ide  

a s i g n i f i c a n t  i n d i c a t i o n  a s  t o  which machine was probably involved i n  

making a p a r t i c u l a r  recording.  Th i s  range i n  speed i s  no t  s u r p r i s i n g  

i n  view of  t h e  t a p e  r eco rde r  des igns .  The Uher recorder  uses  an in -  

duc t ion  motor, t h e  speed of which i s  inf luenced  by temperature and 

l i n e  vol tage .  In  t h e  l i n e  vo l t age  range from 105 t o  125 v o l t s ,  t h e  speed 

of t h e  Uher r eco rde r s  increased  by about  0.5 m i l l  p e r  v o l t  of i n c r e a s e  

i n  l i n e  vol tage.  The Sony r eco rde r  uses  an inexpensive servomechanism 

system t o  con t ro l  t h e  speed, and t h e  r e s u l t i n g  c o n t r o l  i s  inf luenced  

by temperature and o t h e r  ope ra t ing  condi t ions .  

Using t h e  d a t a  given i n  Tables  1 and 2 ,  we can compare t h e  speed 

of t h e  r eco rde r  t h a t  made t h e  Evidence Tape with t h e  speed of each of 

t h e  r eco rde r s  we t e s t e d .  In  both  c a s e s  we a r e  a c t u a l l y  measuring t h e  

speed i n d i r e c t l y ,  by measuring t h e  recorded frequency of a 60 Hz tone.  

I f  t h e  recorded frequency i s  h igher  than  60 Hz, then t h e  r eco rde r  was 

moving t h e  t ape  slower than  i t s  s tandard  va lue  of 23.8 m i l l i m e t e r s  p e r  

second (15/16 inch  p e r  second).  

We make t h e  comparisons by us ing  t h e  d a t a  given i n  t h e  l a s t  column 

of t h e  t a b l e s .  This  is  t h e  r e l a t i v e  speed expressed i n  par t s -per -  

thousand d i f f e r e n c e  from t h e  s t anda rd  speed. Table 1 shows a r e l a t i v e  

speed of +15 f o r  t h e  speech be fo re  t h e  buzz sec t ion .  The machine t h a t  

recorded t h e  speech was running a t  15  p a r t s  pe r  thousand f a s t e r  than  

23.8 mm/s ,  and could have been Sony 800B, S e r i a l  Number 14 384 o r  11 561. 

Data i n  Table 1 a l s o  show t h a t  t h e  speed of t h e  machine t h a t  recorded 

t h e  buzz was f a i r l y  cons tan t  (+23 t o  +29 pe r  m i l l )  throughout t h e  buzz 

sec t ion .  This  speed i s  s i m i l a r  t o  t h a t  of t h e  Exhib i t  60 Uher (+28 p e r  

m i l l ) ,  b u t  apprec iab ly  d i f f e r e n t  from t h a t  of t h e  Sec re t  Se rv i ce  Uher (+61).  

Therefore t h e  r e s u l t s  of r eco rde r  speed a n a l y s i s  agree  wi th  t h e  re -  

s u l t s  of f l u t t e r  a n a l y s i s  r epo r t ed  i n  Technical Note 6. A Sony was used 

t o  record t h e  speech on t h e  Evidence Tape and t h e  Exhib i t  60 Uher was used 

t o  record t h e  buzz s e c t i o n .  

[ l ]  J. G. McKnight, "Speed, P i t c h  and Timing Er ro r s  i n  Tape Recording 
and Reproducing," Jour .  Audio Eng. Soc. 16 ,  266-274 ( J u l y  1968).  



Table 1 

Measurement o f  Speed of  t h e  Recorder t h a t  Made t h e  Evidence Tape 

Recorder 

Speech be fo re  buzz 

Buzz, Event 

Buzz, Event 

Buzz, Event 
Time 276 s 

Buzz, Event 
Time 1043 s 

58.25 

58.65 

+2 9 

+24 



Table 2 

Measurement of  t h e  Speed of 
Two Uher and S ix  Sony Recorders 

t o  23.8 mm/s 

SN 1 2  330 

SN 15 367 

SN 14 384 

* 

Sony Recorders used i n  
Oval Off ice  

SN 11 561 

SN 14 396 

SN 15 102 

Uher 5000 
"Secret  Serv ice"  

Uher 5000 
"Exhibi t  60" 

59.30 

59.48 

59.80 

56.53 

58.30 

+12 

+9 

+ 3 

+61 

+28 



TECHNICAL NOTE 8 

THE K - 1  PIJLSE AS DIRECT EVIDENCE OF KEYBOARD MANIPULATION 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

component i n  t h e  r eco rde r ,  

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

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

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

l a t i o n s  through which we have demonstrated t h e  r o l e  of K - 1  d a t a  i n  




