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Mechanical imperfections in every recorder cause speed variations (flutter) which have a

frequency spectrum that is characteristic of both the model of recorder and of the individual
recorder. The speed variations of the recorder cause fm sidebands around any signal recorded

on that recorder. When the signal to be recorded contains a periodic signal, for instance power

line hum, the sidebands on the recording can be measured, and converted into a flutter

spectrum. By comparing the flutter spectrum found on the recording to that measured on the

recorders, one may be able to identify the recorder which produced the recording. The theory is

developed and a practical example is given.

Authors'Note: Includedinthisreportarethirteentechnicalnoteswhich

detail the scientific techniques used and the test results
In 1973 November, Chief Judge John J. Sirica of the obtained. Although all six members of thepanel wrote the

U.S. District Courtfor the District of Columbia appointed body of thereport and reviewed the technical notes, various
an advisory panel to undertake an examination of the groups of panel members wrote the technical notes them-
authenticity and integrity of tape recordings made in the selves.
offices of the President of the United States of America. Technical Note 6, ''Flutter Analysis for Identifying Tape

The counsel for the President and the Special Prosecutor Recorders," is reprinted verbatim below by the kind
as counsel for the Grand Jury agreed upon the selection permission of the Court and the Special Prosecutor's
and nomination of six technical experts to examine various Office.
tape recordings and to report their findings to the Court. The principal sources of information available to the
The Court accepted the nominations of counsel for the panel were the tape recording labeled "EOB office-start

respective parties, and on 1973 November 21, appointed 6/12/72, end 6/20/72," which is referred to as the evidence
Richard H. Bolt, Franklin Cooper, James L. Flanagan, tape; the tape recorders that were thought to have been

John G. (Jay) McKnight, Thomas G. Stockham, Jr., and used in making the original recording and, later, rerecord-
Mark R. Weiss as an advisory panel of expert witnesses to ing a buzz tone on one section of the tape; and additional
assist the Court. information about how the original recordings were made.

On 1974 May 31, the panel submitted to the Court its Theprincipal items of equipment that were provided by
final report, "The EOB Tape of June 20, 1972:Report on a the Court and used in the tests were seven Sony 800B
Technical Investigation Conducted for the U.S. District recorders (one inoperative) from the Oval Office and
Courtfor the District of Columbia by the Advisory Panel on Executive Office Building recording installations, a Uher
White House Tapes." This report was available to the 5000 recorder marked"Secret Service" and another Uher

public from the Court at that time, but the supply is now 5000 recorder with associated foot pedal, marked "Gov-
exhausted, ernment Exhibits 60 and 60 B."
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PRINCIPLES modulation theory [5],

When a magnetic tape is moving at a constant speed, a e = A { Jo (mr) sin 2z'fot + J_(mf)[sin 2z'0e0 + fro)t- sin
recorded signal having constant wavelength is reproduced 27r(f0 - fm)t] + · ' ' }
as a constant frequency. In reality the tape drive

mechanisms of all tape recorders have mechanical imper- where e is the instantaneous value of the waveform (hum

fections that cause the tape speed to vary slightly above and signal plus sidebands),
below its average value. The constant-wavelength record- A is an arbitrary constant determining the amplitude
ing is reproduced as a slightly varying frequency because of all components,
the reproduced frequency is directly proportional to the Jn(mf) are Bessel functions of the nth order,
reproducing speed. In other words, the signal is frequency mf is the modulation index,Af/fm
modulated by the speed variations [1]. This effect is well Af is the frequency deviation
known in the field of sound recording, and explained in fm is the modulating frequency and
detail in the references to this technical note. Because the fo is the frequency of the signal, which is called a
frequency variations are directly proportional to the speed "carrier" in frequency-modulation theory.
variations, and because the audible effect is closely related

The first term in the equation represents the carrier withto the frequency variations, all three processes have come
to be known colloquially as "flutter" [2]. The context frequencyfoand relative amplitude Jo(me). The second term
usually makes the specific meaning clear, represents two sidebands with frequencies fs_ = (fo - fro)

The peak amplitude of flutter is defined as F = Af/f o, andfse = (fo + fm), and relative amplitudes Jl(mf).

where f0 is the average frequency of the signal andAf is the For small values of the modulation index rrtf,say mf <

frequency deviation (that is, the difference between the 0.5, J0(rnf) _>0.94 _ 1, Jx(me) = me/2, and higher order
maximum or minimum instantaneous frequency of the terms are negligible.
signal and its average frequency) produced by the speed From this we see that the ratio of sideband amplitude as to
variations. The frequencies at which the speed variations cartier amplitude aDfor small modulation indices is as/aD =
occur are called flutter-modulating frequencies fro. A plot or mr/2. But we want flutter F =_r/f 0, not modulation index
table of the flutter amplitudes as a function of the mr:

flutter-modulating frequency is called a flutter spectrum. F = Al/fo = (d_f/fm)(tm/fO)= meOem/fo)
The flutter-modulating frequencies are determined by the

rotational frequencies of such mechanical elements as the and finally
capstan and its driving system, the reels and their driving F = 2(as/aD) (tm/fo)._

system, etc. The flutter amplitudes are determined by the The preceding approximation is valid, for instance,
magnitudes of the mechanical imperfections of these same when a 60-Hz carrier frequency is used to measure flutter
elements [3]. Thus it is usually possible to use the flutter whose modulating frequency is greater than 0.5 Hz, and
spectrum found on a recorded tape to identify both the whose amplitude is less than 4 per mill. _
model of the tape recorder used to make the recording and, As we have shown, the flutter spectrum and the flutter
with less certainty, the individual recorder itself, sideband spectrum are not the same, but they do contain the

Analysis of the flutter-modulating frequencies and same information, and either can be calculated directly
amplitudes is usually done directly by frequency demodula- from the other by using the formula given before. In order
tion of the modulated signal and a spectrum analysis of this to compare the flutter on one recording to the flutter on
demodulated flutter signal [4]. Commercially available another recording, we may compare the flutter sideband
flutter meters and analyzers are intended for use with a spectra directly. However, when we wish to compare the
standard test frequency of 3150 Hz; they employ a flutter on a recording to the mechanical elements of the tape
frequency demodulator which operates over a restricted recorder that cause the flutter, it is necessary to convert the
frequency range. They directly measure the frequency fm flutter sideband spectra to flutter spectra.
and amplitude F of the flutter.

In using flutter analysis to identify the tape recorder used
to record a particular tape, one is very unlikely to have the MEASUREMENT OF FLUTTER SIDEBAND
standard 3150-Hz test tone. It is not uncommon, however, SPECTRA AND CALCULATION OF FLUTTER

when the recorder is operated from ac power lines, for a SPECTRA ON THE EVIDENCE TAPE
low-level "hum" to be recorded on the tape due to leakage
of hum into the recording system. Since the power On an ideal tape recording, hum signals would be so small
companies regulate this frequency rather carefully, the astobevirtuallyundetectable. However, examination ofthe
60-Hz hum can be used as the "test tone" for flutter speech recording section of the evidence tape revealed that

analysis. Since commercial flutter meters do not function the recording contained a large power-line hum component
with hum frequencies (e.g., 60 Hz), a special demodulator that had been picked up in the microphone mixing and feed
would need to be constructed, system. The buzz section also contained a largehum picked

An alternate technique of flutter analysis having great up from the power line. Therefore we could perform flutter
flexibility is the use of direct spectrum analysis of the hum sideband spectrum analysis on these hum recordings. The
signal and its sidebands. We call this "flutter sideband
spectrum analysis." From traditional frequency- _ Per mill = parts per thousand.
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evidence tape was played back on a Nagra III recorder- and magnitudes have been calculated fortheserecorders and
reproducer. 2The signal was then fed into a model UA-500 are shown in Table II.
Ubiquitous ® spectrum analyzer manufactured by Nicolet Two points are worth a comment. First, the measured

Scientific Corporation. The flutter sideband spectra were flutter frequencies correspond to the frequencies expected
plotted on a Hewlett-Packard model 7035B X-Y graphic from the mechanical analysis, except for the one small
recorder, unexplainedfluttercomponentat 1.25 Hz. Second,the

We measured a typical flutter sideband spectrum from the flutter amplitude at each frequency is quite variable from one
60-Hz hum signal on a speech portion of the evidence tape. recorder to another.
This is shown in Fig. 1. Table I tabulates the significant
flutter frequencies and amplitudes calculated from this Uher 5000 Recorders
spectrum of the speech section before the buzz.

Mechanical Analysis
Similarly, Figs. 2-5 show the flutter sideband spectra at

various positions within the buzz section of the evidence TheUher5000usesaninductionmotoroperatingfromthe
tape. We calculated the major flutter frequencies and power line, driving an intermediate robber idler, which in
amplitudes, and these are also given in Table I. turn drives the flywheel that is on the capstan shaft. The

The flutter sideband spectra, and the table of flutter motor operates at approximately 1740 r/s, giving a fre-
spectra, show that the flutter spectra for the speech section of quency of 29 Hz. The intermediate idler frequency is 3.6 Hz.
the evidence tape, and the following buzz section of the Thecapstandiameteris5.0mm. Thuswithatapespeedof24
evidence tape, are quite different, mm/s, simpleeccentricityproduces aflutterfrequencyof 1.5

Hz, and ellipticity produces a flutter frequency of 3.0 Hz.
MECHANICAL ANALYSIS OF THE SONY AND The capstan idler diameter is 21.8 mm, producing a
UHER RECORDERS, MEASUREMENT OF THEIR frequency of 0.35 for simple eccentricity. As with the Sony,
FLUTTER SIDEBAND SPECTRA, AND CALCULA- the reel is driven by a belt-driven clutch whose frequency is
TION OF THEIR FLUTTER SPECTRA 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
Sony 800B Recorders in this work.

Mechanical Analysis Flutter Sideband Spectrum Measurement and Flutter
Calculations

The Sony 800B recorder uses a serve-controlled capstan
motor whose shaft is itself the capstan that drives the tape. The recording of tones and the sideband spectrum analysis
The capstan diameteris4.0 mm. Thus with a tape speed of 24 were carried out as before on the Uher 5000's "Exhibit60"
mm/s, simple eccentricity produces aflutter frequency of 1.9 and "Secret Service," and the spectra are shown in Figs. !2
Hz, and ellipticity produces a flutter frequency of 3.8 Hz. and 13. The flutter frequencies and magnitudes have been
The tape is driven by friction between the capstan and a freely calculated for these two recorders and are shown in Table III.
rotating rubber pulley (capstan idler) whose diameter is 23.6 As with the Sony recorders, the frequencies correspond to
mm, producing a frequency of about 0.35 Hz for simple those calculated by mechanical analysis, and the differences
eccentricity, betweenthe twoindividualsare ratherlarge.

The reel is driven by a belt-driven clutch whose frequency
is 0.7 Hz. As tape winds off the reel, the tape pack radius
varies from 54 to 23 mm. At the tape speed of 24 mm/s, the DETERMINING WHICH MODEL TAPE RECORDER
rotational speeds vary from 0.07 to 0.16 frs, giving flutter RECORDED THE SPEECH AND THE BUZZ SEC-

TIONS OF THE EVIDENCE TAPE
frequencies from 0.07 to 0.16 Hz, corresponding to periods
of 14.3to 6.0 s. This sectionis predicatedon the assumptiondiscussed

elsewhere that only Sony 800B and Uher 5000 recorders

Flutter Sideband Spectrum Measurement and Flutter might have been used in recording and erasing the evidence
Calculations tape.

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

recorded onto blank tape by means of each of six Sony Comparison of Sony and Uher Flutter Spectra

800B'susedintheExecutiveOfficeBuildingandintheOval The capstan idlers on both the Sony and the Uher
Office. The 60-Hz tone was recorded at a level correspond- recorders produce 0.35-Hz flutter, and the reel-drive
lng to the midrange of the recording-level indicator on each clutches both produce 0.7-Hz flutter. Therefore the
machine. Then a flutter sideband spectrum analysis was amplitudes of these two components mean little in distin-
performed by the means described in the preceding section, guishing Sony recordings from Uher recordings. The

The spectra are shownin Figs. 6-11. The flutter frequencies components at 1.4 and 1.5 Hz are characteristic of these
recorders, but the noise background amplitude in the

2 Because of equipment limitations, and in orderto save analysis evidence tape makes it very difficult in this particular case
time,thereproductionwasperformedat95mm/s(3.75in/s),which to distinguish a 1.4-Hz component from a 1.5-Hz compo-
isfourtimestheoriginalspeedoftheevidencetape,24mm/s(15/16 nent. Therefore we will not consider the component
in/s). Thus the frequencies inanalysis were all at four times their
original values. For clarity of presentation, this note refers only to amplitudes at 1.4 and 1.5 Hz.
the originalfrequencies. The clearest differencesbetween Sony and Uher flutter
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spectra are seen at 1.9 Hz (Sony capstan frequency) and at Comparison of Flutter Spectra of the Speech and

3.6 Hz (Uher intermediate icl]er frequency). Table II shows BUZZ Sections of the Evidence Tape
that all the Sonys tested show appreciable flutter at 1.9 Hz

and no flutter at 3.6 Hz. Table III shows that both Uhers Table I shows that the recording of the speech before the

tested show no flutter at 1.9 Hz and appreciable flutter at 3.6 buzz section contains a large flutter component at 1.9 Hz

Hz. Thus the flutter frequencies of 1.9 and 3.6 Hz should be and no flutter component at 3.6 Hz. These findings point to

examined in order to differentiate Sony recordings from a Sony 800B. The amplitudes of the other components are

Uher recordings, consistent with those found in the Sony 800B flutterspectra

Table I. Flutter spectra from the evidence tape.

Flutter [per mill]

Frequency InBuzzSection
[Hz] In SpeechSection

BeforeBuzz Eventat Eventat Eventat Eventat
Time 1s Time50 s Time 275 s Time 1043s

0.35 .....
0.7 1.2 0.7 1.0 0.8 0.9
1.25 1.9 0.5 -- -- --
1.4 1.8 ....
1.5 -- 1.0 1.0 1.3 1.6
1.9 3.2 ....
3.0 -- 1.4 1.6 1.6 2.0
3.6 -- 3.4 3.8 3.4 4.3
3.8 2.3 ....
7.2 .....
8.0 -- 3.0 4.3 4.3 4.3

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

Table II. Flutter spectra from six Sony 800B recorders.

Flutter/[per mill]
Frequency Mechanical

[Hz] Element EOBA EOBB EOBC OvalOffice OvalOffice OvalOffice
SN 12 330 SN 15 367 SN 14 384 SN 11 561 SN 14 396 SN 15 102

0.35 Capstanidler -- 0.4 0.4 -- -- --
0.7 Reel-driveclutch 0.5 1.3 0.7 0.9 0.9 0.6
1.25 ? 0.3 0.3 0.3 -- -- 0.5
1.4 2 x reel-driveclutch 0.4 0.4 -- -- 0.4 0.4
1.5 None ......
1.9 Capstan 1.0 0.8 4.5 1.0 1.6 1.8
3.0 None ......
3.6 None ......
3.8 2 ×capstan -- -- -- 1.9 -- 1.2
7.2 None ......

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

Table III. Flutter spectra from two Uher 5000 recorders, o +_,5. _..... _ _,:_ , _: .;.......... _....... ::: ....
003
I-- h--_l

:,' I ' i q x ,1 21_;t' ]] J i /_t[ ;2+]_2 ?'i_

Flu tter/[per mill] m_4o _i ,.r::5:_'......: :;_-_'-: '.'".:'::._" _:' i': :: !:.!.l_r*_b_h._Li
Frequency Mechanical >w ::_ :;! i.r:_::!;_: :::iI:.,:i;441_ Ch

[Hz] Element Secret Exhibit 3_z !i_-_h! i+_ii_¢i;:: ::ii fi'::; I: :.h-!.... i?_
Service .60 _us-eo _4'1:-'!t ........ _ .................. _ ..... : ....

Q ri_:,z_L:.i: 2_' ;r * :Z : '_2_ : 22 ;22.2 V'22 2_Z;
..,i ,i_: :T:! ;+ l'_'.... : :: '_"-

0.35 Capstan idler 0.9 -- _ _'_k_r* :_:::::_:::,_. ; :,. :: :::: :,=,_:

0.7 Reel-drive clutch 0.4 0.7 wa.-_o :_.+,, :, _-4,- . ,,_= '1.25 None -- -- _t ;: .... -i_?'5;;%. :!-Z ,;._% ;"4' _TL__
1.4 2 X reel-drive clutch -- -- _.ama: _ i-:_ _,i_ _;} :_?! 54_I-'_"i!:;_'_ 'k¢[_:_ _

1.1'59 NoneCapstan 1.3 1.2 __:-4° ._¢_.._.i.-'_ _ t_i! _ 4q_ _,;_. *_±_4+_ I!!4,_4_.t'__:_+ +_+_ ""'_
3.0 2 x capstan -- 1.4 _o,o _ ___[_:_i: +_'-,:t_ .... --_H- _ _.....
3.6 Intermediate idler 3.0 4.8 .,oo_, ,._ _ ':'_ i[_i::i,,_-'_,.,_ -- _11_11111117_5_.5 55 57._ 60 6Z.5 6_ G?._ 70

3.8 None __ __ CORRECTED FREQUENCY IN HERTZ

7.2 2 x intermediateidler 1.8 1.9
Fig. 1. Flutter sideband spectrum of hum in evidence tape

" -- " indicates amplitude at this frequency is equal to the noise speech recording before buzz section. Resolution, 0.05 Hz;
level at this frequency, averageof twospectra,20 seach; durationof signalanalyzed,40
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of Table II. Thus we conclude that the speech section was DETERMINING WHICH SONY RECORDER RE-
certainly recorded on a Sony 800B. CORDED THE SPEECH SECTION

Table I also shows that the several recordings of the buzz The flutter spectrum of the speech section of the evidence

all contain a large flutter component at 3.6 Hz and no tape (Table I) may be compared with the flutter spectra of
component at 1'.9 Hz. These point to a Uher 5000. The the six Sony 800B recorders in evidence (Table II). The
amplitudes of the other components are consistent with flutter spectrum on the evidence tape contains 3.2 per mill
those found in the Uher 5000 flutter spectra of Table III: of flutter at 1.9 Hz and 2.3 per mill at 3.8 Hz. The flutter
Thus we conclude that all the buzz section was certainly spectra of the six Sony 800B recorders do not contain these
recorded on a Uher 5000. amplitudes at these frequencies. On the basis of this

0

1i41]1 iiiI__._] _._ t [ _l _l ' ,_ _ _ i _ _4_ [I;i_i H_-+-H--H-IIIIIIII',;;I 0003

_ili[iiiiiFiiiiJF[iiiiiiiii_ °_
ca G

C--"'
i_, L,_L[ ! ' i ' * ' .-H';

- I ...............................,=_ _;*:¢ i '_l_i! '_!¢i_iii![i!liii! ,_ ..,=
_--J _-H44 :i '. 11i ,,; III I_,I
W _- -30

___.......::_:::; i ii,_,i1-12UL,-=: ii--iii ii i ,m_-4o

U30 _r_ '_; i 030

. 50 5z.5 55 5'7.5 60 6_.5 65 6z5 70 50 5:,.5 55 5z.5 60 6:,.5 6_ 67.5 ?0
CORRECTED FREQUENCY IN HERTZ CORRECTED FREQUENCY IN HERTZ

Fig. 2. Flutter sideband spectrum of buzz in evidence tape Fig. 5. Flutter sideband spectrum of buzz in evidence tape
buzz section beginning at event time I s. Resolution, 0.05 Hz; buzz section, beginning at event time 1043 s. Resolution, 0.05
average of two spectra, 20 s each; duration of signal analyzed, 40 s. Hz; average of two spectra, 20 s each; duration of signal analyzed,

40 s.

"_...................__:'::¥_:__::_T!:_1___:::_:'_:::¥............¥_:_:_'_:i_ f"___:¥"............'_" :_1_::_ i_'___ _:*::_:_:_......__,,__I,__?_ _,_o_ _:,:_:_!!_q:i::,_:__i!!_:::'_:r_:,_._:_:::_;_:_-:_¥_::!y_:.q _ .,o_t:_': ....

._-._o _:_;:_'+:;}ii_........_iIi: _¢ ::¥-.-_::? :':::i,[;'z_:_"_4T_-'_':_____,._' -'.'_::._=_,._ .!:'_r_ __-zo _--' - -v'..["_'""

" ' 4. e4- z_ ....... llClllll:lllllllllllllllll: Iii[ lih-_-50 ' '
50 52.5 55 57.5 60 62.5 6,5 67.5 ?0 .50 52.5 55 57.5 60 62.5 65 67.5 ?O

CORRECTEDFREQUENCYiN HERTZ CORRECTEDFREQUENCY_NHERTZ

Fig. 3. Flutter sideband spectrum of buzz in evidence tape Fig. 6. Flutter sideband spectrum of a 60-Hz test recording
buzz section, beginning at event time 50 s. Resolution, 0.05 Hz; from Sony'800B recorder SN 12 330, "EOB A." Resolution,
average of eight spectra, 20 s each; duration of signal analyzed, 0.05 Hz; average of eight spectra, 20 s each; duration of signal
160 s. analyzed,160s.

_- '._, _'lll',li_llll I ½ :11 _-I: _iiIIIIII I11 ll',t __ i - -- '
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b _4 I I

-50 ' ifil',',' ",I', .... _r,, ,,_ _ -5050' 5:,.5 55. 57.5 .60 5:,.5 65 67.5 '70 50 5:,.5 55 5z.5 60 6_,.5 65 67.5 ?0
CORRECTED FREQUENCY IN HERTZ CORRECTED FREQUENCY IN HERTZ

Fig: 4. Flutter sideband spectrum of. buzz in evidence tape Fig. 7. Flutter sideband spectrum of a 60-Hz test recording
buzz section, beginning at event time 276 s. Resolution, 0.05 Hz; from Sony. 800B recorder SN '15 367, "EOB B." Resolution,
averageof eight spectra, 20 s each;duration of signal,analyzed, 0.05 Hz; average of eight spectra, 20 s each; duration of signal
160s. analyzed,160s.
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evidence we must conclude that although the speech section flutter spectra of the two Uher 5000 recorders in evidence
of the evidence tape was certainly recorded on some Sony (Table III). For ease of comparison, the critical frequencies
800B, it was not one of the Sonys that was tested, are retabulated in Table IV. Inspection of this table shows a

good correlation at all the critical frequencies between the
flutter spectrum of the buzz section and that of the UherDETERMINING WHICH UHER RECORDER RE-
"Exhibit 60." The correlation with the Secret Service Uher

CORDED THE BUZZ SECTION
is not at all good. We therefore conclude that, given these

The flutter spectra of the several parts of the buzz section two Uher 5000 recorders, the buzz section was very likely
of the evidence tape (Table I) may be compared with the recorded on the Uher 5000 "Exhibit 60."

o_, ._. .! ..._ .,._5_+.+__+._:_:__'/_ i.__ ._ _:_'_ 0L_._5_..&:_?.F_ ;t:._::L::_+: :t:::_:_t..¢+_,L_i._

I"' J _.w00,'_.: , oo

50 52.5 55 5'7.5 60 62.5 6_ s'r.5 ?0 50 5z.5 55 5?.5 so s2.5 65 67.5 ?0
CORRECTEDFREQUENCYIN H._RTZ CORRECTEDFREQUENCYIN HERTZ

Fig. 8. Flutter sideband spectrum of a 60-Hz test recording Fig. 11. Flutter sideband spectrum of a 60-Hz test recording
from Sony 800B recorder SN 14 384, "EOB C." Resolution, from Sony 800B recorder SN 15 102. "Oval Office." Resolution,
0.05 Hz; average of eight spectra, 20 s each; duration of signal 0.05 Hz; average of eight spectra, 20 s each; duration of signal
analyzed,160s. analyzed,160s.

_-_o .... "_ . +_.T2.:_"'_' _.......

,,
50 52.5 55 5?.,5 60 62.5 65 67.5 70 50 5Z,5 5,5 5'7.5 60 62.5 6,5 67.5 70

CORRECTEDFREOUENCYIN HERTZ CORRECTEDFREQUENCYIN HERTZ

Fig. 9. Flutter sideband spectrum of a 60-Hz test recording Fig. 12. Flutter sideband spectrum of a 60-Hz test recording
from Sony 800B recorder SN 11 561, "Oval Office." Resolution, from Uher 5000 recorder labeled "Secret Service." Resolution,
0.05 Hz; average of eight spectra, 20 s each; duration of signal 0.05 Hz; average of eight spectra, 20 s each; duration of signal
analyzed,160s. analyzed,160s.

°"> ...... iii! ;_:'i_:_: ' ' _
w_-O i_, :i'., i!li _'i. ' txl--I_-lO ::: !.4
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c, o -'i_-' =-!ii ?':i_:_: ::-:[[:_Tm

ud_ ud_ _4-_:;::-_i:_:_::::::_*_ ':':_:':_+k:_:......._.....: !:_ _:::_::._:,:.*? ._ **:'_::_:_i:_'tL_,_-_'i_>_1
u.I fl. -$0 i.u _- -30 _..= _,41._
...JIE ..JIE

-5o ?t _1 it'_t"__"_l'""___'_ 'l_:_q'_l:___:_:i -50_50 5,.5 55 5z5 _0 6_.5 65 6z5 ?0 50 5:,.5 ,55 5?.5 _0 6_..5 65 s_.5 ?0
CORRECTEDFREQUENCYIN HERTZ CORRECTFDFREQUENCYIN HERTZ

Fig. 10. Flutter sideband spectrum of a 60-Hz test recording Fig. 1'3. Flutter sideband spectrum of a 60-Hz test recording
from Sony 800B recorder SN 14 396, "Oval Office." Resolution, from Uher 5000 recorder labeled "Exhibit 60." Resolution, 0.05
0.05 Hz; average of eight spectra, 20 s each; duration of signal Hz; average of eight spectra, 20 s each; duration of signal
analyzed,160s. analyzed,160s.
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Table IV. Comparison of critical frequencies in tile flutter spectra of two Uher recorders and the buzz section.

Flutter/[per mill]

Frequency TapeRecorder PartofBuzzSection
[Hz]

Secret Exhibit Average Eventat Eventat Eventat Eventat
Service 60 of4 Time1s Time50s Time275s Time1043s

0.35 0.9 -- -- -- _ -- --
0.7 0.4 0.7 0.9 0.7 1.0 0.8 0.9
3.0 -- 1.4 1.7 1.4 1.6 1.6 2.0
3.6 3.0 4.8 3.7 3.4 3.8 3.4 4.3
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