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DEFINITIONS

Flutter: A dimensionless factor describing an effect due to the difference between the instantaneous
tape speed during recording and the instantaneous tape speed during playback.

Interchannel time displacement error (ITDE): Relative time error between two tracks of a multi-
track magnetic tape recorder.

Differentiated interchannel time displacement error (DITDE): Derivative of ITDE with respect to
time. Gives difference frequency between same signal on two tracks of a multitrack magnetic
tape recorder.

Time base error: In analog instrumentation magnetic tape recording, the total time error of a play-
back signal with respect to a relatively error-free reference.
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This report presents the results of a study on the flutter, servo, and interchannel time displace-
’ ment error characteristics of analog magnetic tape recorders. The main conclusions are that the flutter 1
spectrum of a crossplay between two tape recorders can be predicted if the flutter characteristics of
each tape recorder are known, and that many tape recorders have underdamped servo systems that it
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INTRODUCTION

The work reported herein was conducted under AIRTASK A5355352 054D 5W47410030, Mis-
sile Flight Evaluation Systems, and work unit A535210000002, Range Telemetry Support, which was
established to provide technical support to the Telemetry Group of the Range Commanders Council.

The primary purposes of this study were to determine the power spectral density of flutter in
an analog instrumentation magnetic tape recorder and to try to predict the resultant flutter spectrum
when a tape is recorded on one tape recorder and reproduced on another tape recorder. The tape
recorder flutter experiment consisted of recording tapes on each of six tape recorders (designated A,
B, C, D, E, and F) and reproducing each of these tapes on each of the six tape recorders. Fach of
the tape recorders was a different model and three different manufacturers were represented in the
sample. The flutter output of each of these playbacks was recorded for later analysis. Plots were
then made of the power spectral density of the flutter. Samples of these plots and the results of
their analysis are presented.

The tapes were played back in both tachometer and tapc servo inode on the four tape recorders
which had tape servo capability (recorders A and D did not have tape servo capability). The servo
responses of these four tape recorders were measured and are presented. The interchannel time dis-
placement error (ITDE) was measured and differentiated (DITDE) with respect to frequency for these
four recorders. DITDE is proportional to the instantaneous difference frequency between the outputs
of the two tracks on which the same signal has been recorded.

FLUTTER TEST PROCEDURES

First, the following information was recorded on 9,200-foot reels of 1/2 inch degaussed virgin
tape at 60 ips (inches per second) for each of the six tape recorders (see figure 1):

Track 2 — 108 kHz sine wave from a MICOM 8300W flutter meter at 13 decibels (dB) above normal
record level (for best noise performance*). The MICOM 8300W includes a stable oscillator; a
high-quality, phasellock discriminator; a statistical volmeter; and a wave analyzer.

Track 4 — IRIG B timing.

*Secretariat, Range Commanders Council, White Sands Missile Range. Test Methods for Telemetry Systems and Sub-
systems by the Telemetry Group Inter-Range Instrumentation Group. White Sands, NM, Revised July 1975,
(Document 118-73) UNCLASSIFIED.
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Track 6 — 100 kHz reference signal (for only the four machines having tape servo systems).

Tracks 1, 3, 5. 7 — No signal recorded.

TRACK 2

TRACK 4 TAPE RECORDER
60 IPS

108 kHz
IRIG B
100 kHz REFERENCE TRACK 6

Figure 1. Setup for Recnrding Flutter Tapes.

Each of these six test tapes was then reproduced on all of the six tape recorders, using the set-
up shown in figure 2. Sections of approximately 2 minutes duration at the 10, 50, and 90 percent
locations of each of the reels of tape were recorded on a second tape recorder and will be referred
to as the data tapes. The four tapes with the recorded 100-kHz reference signals were also played
back in the tape servo mode on the four recorders equipped with this feature. This gave 108 two-
minute segments in the tachometer mode, and 48 two-minute segments in tape servo mode. The test
tapes were processed as follows. The flutter meter sensitivity was set at 0.03 percent and the low-
pass filter was set at 20 kHz. The voltage-controlled oscillator (VCO) was set to a center frequenecy
of 225 kHz and the deviation sensitivity was set at approximately 84 kHz/volt. Both a DC and an
AC calibration of the VCO were recorded on the data tape. The DC calibration levels were 0.8V,
0V, and +0.8V, which set the VCO to 157.5 kHz, 225 kHz, and 292.5 kHz, respectively. The AC
calibration consisted of a 118 mV (millivolt) rms (root mean square) (or 333 mV peak-to-peak) sine
wave at a frequency of 1 kHz. This is equivalent to a 0.035 percent rms (or 0.1 percent peak-to-
peak) flutter reading, because the fiutter meter delivers a 100-mV, peak-to-peak signal when the peak-
to-peak flutter equals the selected sensitivity.

gt

TAPE RECORDER
60 IPS

2

FLUTTER METER

I SNSEE—
[ O——- 1 kHz OSCILLATOR

225 kH7 VCO

Ys Y

TAPE RECORDER

30 IPS AMPLIFIER

REAL TIME IRIG B —3»
5

Figure 2, Sstup for Recording Flutter Test Tapes.
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FLUTTER ANALYSIS PROCEDURES

The data tapes were plotted for analysis as shown in figure 3. The EMR 410 discriminator was
set to a center frequency of 225 kHz, with peak deviation set to 90 kHz and the low-pass filter set at

40 kHz.

The EMR 1510 spectrum analyzer samples the input signal and calculates a 256-point power
spectrum using a 1,024-point discrete Fourier transform. The analysis bandwidth, full-scale amplitude,
number of spectra averaged, and windowing function (either rectangular or Hanning) are all selectable.
Four analysis bandwidths (25.6 Hz, 256 Hz, 2.56 kHz, and 25.6 kHz) were used in this study (see
table 1) and the Hanning window was always selected. The Hanning window weights the X, th data

point as follows:

X,, (out) = [0.5 - 05 cos (

TAPE RECORDER
30 IPS

!

DISCRIMINATOR
225 kHz L 40 PERCENT

¥ ¥

SPECTRUM

ANALYZER OSCILLOSCOPE

X!

X-Y PLOTTEI"

Figure 3. Setup for Recording Power Spectral Densities.

2 (n-1/2)

1,024 )] X, (in); 1 < n< 1,024

Table 1. Spectrel Anelysis Perameters

Filter Equivalent 0d:Peromnt
. ", q o Number of Confidence Limits of Full-Scale
Anelysis Noise Poww X
, ) Spectra Spectral Accurecy Amplitude
Bandwidth Bandwidth
(Hertz) Avereged (Rendom Data) (Volts)
(Decibels)
256 Hz 0.15 4 +34, -5.7 3.16
256 Hz 1.5 32 +1.4, -1.7 3.16
2.56 kHz 16 128 +0.72, -0.76 10.0
256 kHz 150 128 +0.72, -0.76 10.0
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The X-Y plotter was calibrated using the spectra’ of the AC calibration signals. The vertical
calibration was 10 dB/inch, while the horizontal cu.'ibration was the analysis bandwidth equals 10
inches. The plots were calibrated so that full scale equaled 0.08 percent rms flutter for the 25.6 Hz
and 256 Hz spectra and C.25 percent rms flutter for the 2.56 kHz and 25.6 kHz spectra. Figures
4 and 5 show the typical spectrum of the AC calibration signals in a 2.56 kHz and a 25.6 kHz
bandwidth. All spurious spectral components are more than 70 dB below 1 percent rms flutter,
which verifies the fact that no significant error was addcd by recording on the second tape recorder.
The flutter spectra are analyzed in appendix A.

RECORDER TRANSPORT SERVO RESPONSE PROCEDURE

The tape transport servo response was measured using a method proposed in an informal mem-
orandum by Dr. M. H. Nichols.* Figure 6 shows a block diagram of the measurement method. The
100-kHz reference signal was frequency modulated by a sinusoid dnd recorded on a tape. This tape
was then reproduced in the tape servo mode. The reference output was applied to a discriminator
and then to a spectrum analyzer. The ratio of the output in tape servo mode to the cutput in ta-
chometer mode was the measure of how well the servo system performed at that frequency of flutter.
The measured servo responses of the four tape recorders are presented in figure 7. All four servo
systems are shown to have regions of flutter frequency where the servo system amplifies the modu-
lating frequency.

In this study, the peak deviation of the 100-kHz VCO was 50 Hz for three of the recoiders and 10
Hz for recorder B. At higher peak deviations, all the servo loops broke into severe oscillation (at some
modulation frequencies) for all tape recorders used. For example, figure 8 shows the flutter spectrum of
recorder B with a 150-Hz modulating frequency and a peak deviation of 50 Hz. With this combination,
the servo loop of B was unstable, and this caused the large low-frequency components, therefore a lower
peak deviation had to be used. Normally, the 150-Hz component would be the largest component. This
and the fact that the underdamping of the servo loop increases the amplitude of certain flutter compo-
nents (see servo response curves and appendix A) strongly suggests that either the tape servo mode should
be used very cautiously or servo systems should be readjusted for critical damping.

INTERCHANNEL TIME DISPLACEMENT ERROR PROCEDURES

The setup for the test is shown in figure 9. A 100-kHz sine wave was recorded on both track
2 and track 6. T:i: was done for the four tape recorders that had the tape servo feature, These
tapes were then reproduced on all four tape recorders. A signal proportional to the phase difference
of the two 100-kHz signals was then derived (see appendix B) and differentiated to give the DITDE
signal.  This signal was passed through a 2 kHz low-pass filter and then used to modulate a 225-kHz
VCO. The VCO output was recorded on a second tape recorder as in the flutter tests. The data
tpe playback procedure for the DITBE was the sanw o3 for the Huttor (figure 3)  The UITDE
spectrums are presented in appendix G.

*Consultant, Del Mar, California.
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SINE WAVE 6 TAPE RECORDER
kH
GENERATOR = 100 kHz V€O — > 60 IPS |
1 .
l
¢ i
|3
ﬂ}
TAPE RECORDER 6 DISCRIMINATOR SPECTRUM l -
60 IPS 100 kHz £ 5 PERCENT > ANALYZER 1
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! - Figure 6. Setup for Servo Response Test.
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RESU /'S .
The results of the tests are as follows:

1.  The low-frequency flutter components of the tape recorders tested were narrow-band sinusoidal
processes, while high-frequency components were relatively wide-band random processes (see

appendix A).

2. The servo systems of the tape recorders used in this study were all underdamped. This caused
some flutter components to be amplified rather than attenuated in the tape servo mode.

3. Interchannel time displacement error does not appear to be a large contributor to total flutter .

in the tape servo mode (see appendix A).

4. Recordings made using brand x tape appear to have 1 to 3 db more high-frequency flutter power
than those made using brand y tape (see appendix D).

5.  Two different recorders of the same model can have significantly different flutter spectra (see
appendix E).

CONCLUSIONS

1.  The flutter spectrum resulting from a crossplay using two tape recorders can be predicted fairly

well if the flutter spectra of each machine are known and it is known which components are
record processes and which are reproduce processes.

2.  There is a need for standard test procedures to measure tape recorder servo system response.
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APPENDIX A

ANALYSIS OF FLUTTER AND DITDE SPECTRA

The flutter spectra of all six tape recorders used in this study are presented in appendix F.
Analysis of these spectra shows that most of the spectral components below approximately 2 kHz
are sinusoidal and the high-frequency components are random. Since the sum of several independent
sinusoids tends toward a normal probability density function (central limit theorem™®), the amplitude

probability density function of the flutter is approximately normally distributed. A typical density
function is shown in figure A-1.

Figure A-2 shows the low-frequency flutter spectrum recorder of A at the beginning and the
middle of the reel of tape recorded and reproduced on A. The spectrum at the end of the tape
was very similar to the spectrum at the beginning of the tape in this case. The large spectral com-
ponent (beginning of tape) at approximately 3%z was due to the lower reel rate of 3 revolutions
per second and the 1.5 Hz component was due to the upper reel rate of 1.5 revolutions per second.
At the middle of the tape, the upper and lower reels both rotate at about 1.9 Hz. The only fre-

quency components that changed with position on the reel of tape were the very-low-frequency
components.

Figures A-3 through A-9 show that some flutter components were record phen xmena (occurred
only on reproductions involving the tape recorded on a certain machine), some were reproduce phe-
nomena (occurred only when a tape was reproduced on a certain machine), and some were a com-
bination of both (occurred whenever a tape was recorded or reproduced on a certain machine).

Figures A-3 and A4 show that the crossplay spectra of A and B overaid on the spectrum of
A. Those overlays show that A had large combination components at 15, 30, and 45 Hz; large
record components at 60, 75, and 90 Hz; and large reproduce components at 105, 135, 150, 180,
and 225 Hz. B was shown to have a large combination component at 16.7 Hz (the capstan rotation
ratc); a large reproduce component at 50 Hz; and large record components at 133, 233, and 250

Hz. All of the above recorder A components are at multiples of 15 Hz and all of the above Ie-
corder B components are at multiples of 16.7 Hz.

"‘Hoel, Paul G. Introduction to Mathematical Statistics. Wiley, New York. 1971,

13
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Figures A-5 and A-6 show the crossplay spectra of C and D overlaid on the spectrum of D.
These figures show that D had large components at 150, 165, and 180 Hz that were mainly due to
record phenomena. They also show that C had large combination effects at 5 and 20 Hz. Figure
A-7 is an overlay of F record with D reproduce spectrum on the spectrum of D. This shows that
the component at 165 Hz was a large reproduce component whereas the 150 Hz component was
still a record component for this combination.

Figure A-8 consists of two overlays: the C record with the B reproduce spectrum overlaid on
the C spectrum and the B record with C reproduce spectrum overlaid on the B spectrum. This fig-
ure shows that B had a large record component at approximately 13 kHz and a large combination
component at approximately 9 kHz. The C had large record components at approximately 14 kHz
and 8 kHz (crosstalk with 100-kHz reference signal). The C also had large reproduce components
at 1.3 and 2.1 kHz.

Figure A-9 shows the C and E crossplay spectra overlaid on the E spectrum. This figure shows
that the E had a reproduce component at 11 kHz and a record component at 13 kHz. It also
shows the C record component at 14 kHz.

Figures A;10 and A-11 are ovverlays of B flutter spectra taken using the same recurded tape but
played back 7 months apart. Figure A-10 shows that the high-frequency flutter components showed
little change over this interval. Figure A-11 shows that some of the low-frequency flutter compo-
nents changed considerably over this time interval. Figure A-12 shows an overlay of the greatest
difference observed between low-frequency flutter components of several playbacks on one day. This
shows that most low-frequency components show very little change but some components can change
as much as 6 dB. This appears to be due to a lack of stationarity in the flutter rather than a lack
of degrees of freedom of the plotted data. This means that accurate prediction of some flutter
components may not be possible because they change from playback to playback. Also, some flutter
components change due to various changes in the tape recorder transport, Changes in a tape re-
corder’s flutter components can be used to detect possible problemns in the tape recorder tidispott,

Figures A-13, A-14, and A-15 are overlays of the B flutter spectrum in tachometer mode and
tape servo mode. These figures show that the B servo system attenuates flutter components below
about 110 Hz, amplifies flutter components between 110 Hz and 300 Hz, and does not appear to
alfoct tlutter gompaonients ahov 750 Hz

Figures A-16 and A-17 are sample overlays of the flutter in tape servo mode and the DITDE
for the tape recorded on C and reproduced on F. Figure A-16 shows good correlation in the 7 Hz
and 14 Hz components but no correlation 1n the 4-Hz component of flutter. Figure A-17 shows
fair correlation in the 115 Hz and 230 Hz components. However, the important point is that the
aximmam DITDE compunent hiad an aurplituds approxhinately cydivalent to G001 perecnt s
flutter (see appendix G). Therefore, DITDE has a relatively minor effect upon total flutter in the
tape servo mode.




haiia

ey - e ] SE

o

‘g 48p4023y ‘uonouny Aysuaqg A1qeqoay 491ni4 -y 84nbiy

¢ x 5 ) % Ie33nTa
_ i ] ) a "= = E
EEs== ] ] I T ! -

| ] |

1

—
|
1
b

-

‘ - . . -
Pl A e e s -
SR PR A

I




‘v 19p1023Y ‘S3131SUQ [€13930S 13MOd 1313N|4 Z-Y 34nbid

Asuanbaizd Wil TheE

1111 I W T ] |
inss b Brs: H ot S ERasE 3dv1 40 100
— - T i 3 — 34Vl 40 ONINNIDIE 1

: ._..“J......_.l_l... - B + ||.. 1

1 B T 11 _ﬁ T o i1
HH EEEEEEE i mEEE i u
L;_-._..* e . ] - H -

- EE S [REEY | ...‘ ] : 1]

2 B 1 :_ TR - 1 ] 1 e el
t I 1 14+ + 1 2 + i ¥
L I ! .+.L-...,H 111 B I 18 it

o T T L ] l ] A |

:_.A___.F.....m VI R 41 -]
=11 1t 1T {

A RS _..h._. VI T 1 e SR S 4

t=t———t—— 1 4 aa _w

_ 8 _ 1 T I
mmma BB EASEEE QUNE i I E . ™=
H AR ARES §E & b 1 ) - I H

» SSaRESgEEY AOE! Y suEa ! i ] T i "

n D NNSEE0 Bat A & JEEE § ! ! s ] InEES
h_ F ..“T+||..Th—r _. 1 - 1
A i . . - - pow -

tH e HHHHH ! : B H.
5 TTTT T ! O ! T 1 T ﬁﬁ_
(zH/193301d Sw1 %1 = 4P 0) . T (1233074 sax %1 = @ 0) .




‘v 48pI023Y SNSISA 9INPOITIY  18pI0IBY PuB PIOY g J9pI0IaY 4O uosuedwo) sa1nj4 €y 91nbid

Aogonbe 13 THEI
T T T

HH e R RAARR AN
T ] 37N00M4IY ¥ '0H023H 8
—=== 3IONOOM43H ¥ 'OH023H ¥

7 N B

IHERE
iEREEN




- = = E i -
i " d
; Y 49p1033Y SNSI3A 3INPOId3Y g 19pI038Y pue piOIY Y J8p103Y O UOSLedWO) 1811ni4 Py 84nb14
3
Aduanbaag 0 @ s
T T T
I IS ENNENE IREEERE
HEEERERENENE INRYNEN!
30NA0Hd3IY 8 ‘HO0D3H Vv
32NA0H43Y V ‘QHOO3H V
1
!
o
Mid
LJ
] T
) - [ H
[ [ T ' ]
{8 EIM Y. N
+ i n ] 4
&4 o
¥ n -
» H r
. ] ] f .
am =
A |
. | |
|
" (X233nTd swa X1 = @ 0) pm
(gp) aamoga aazanid 1




‘-:{f#’-,‘t?i R i

T g5l Aouanbazg Wbl e
BEsssesassacs q NYSESERRISEE - ._
i 11 H H EESEESgEEEEE i 1
- : i
_ T 3UNA0M4IY O 'HO93H O
— ——=—== 3IINA0H4IY O 'OH0I3E O
O
-~ - - 0 a-
H1 1 u
1
] |l
s - H3 -H -
1 i = _
w— = T » E 1 H
] ] = TR
u 1 & - =
4+ 4+ - u - o LI}
"- . - CE
I . - = - 1
i JEHEEES 51 igk R g 4k aEE
" ) smala i &1 1 =ae L AL
- - l.l_ S I “
] ] | 1 s an
1
i | 1
L LT 1
TL1L
: | - ﬁ.l.
D
44 3 = oo .m r-—v
1 T 1T i
. T T T
- - - L -
e : : ’ _ {z933nTd "m1 %XT = dp 0) -
L (TH/1933nTd smx X7 = dp 0) (dp) 3amog I=3xanTd H
: 2 (dp) TH/3emog 1e33NT4
t T | ¥
NN EERE AR I 1 I
i - U i i 1 e
2 &
<lq - -— -

s

t
§
g

i

o G .
SRR I 1O " Bt oo U v _—

}

“Q 19p1033Y SNSI3A 2INPOIdaY [) 19pi0Y pue ploddy .

13pI009Y JO UOSLIEAWDD) 131IN(4 G-y 34nbl4




i B = _— " = o = P~ e ke TR T R e ®: a3 o

Loon el ot . = T Ve L sl e a e : -
3 = eSS, — = . —— - B S U
d -
3 =
4 -
3 ~
3 .

. . . -

i ‘g 19pJ023Y SNSIBA 8INPOIdaY  18pI0IVY PUE PIONY D I9PI0IY 40 UOSIEAWOD 43)NA(] G-y dINbiy

Has fouenbaid TH B TR

T IIT ] ] 1T 1 TT T 0 0 0 1
8t i S ' B R As aEn R RS .
T i _ I ]
! __ g ! : 30NQ0Kd3Y G 'OHOD3H I H
_ 1 - - - - ===== 30N00Yd34 0 '0H00IE 0
N I N - 1 _r.,. : ; . e r -
HEHHHH amans | 1 _ 28
1 } 1 1T - _ i +1-1 ] .
111 .- I.I_. T - .._|[.. ._ - 1 1 1 T+t = ! .-
_ S 1 T T N EEEE AN __rq HH o
IEBBEINE BE® NEEEEEESESEsE SaNS! - HH : T
T + T ™ ! RESEEEN I NE T ! HEE SR
Rums wuy 5w samaRs: auusaan T g e _
¥ At i T i I I ] T 10 W‘" - M.... 1 ] ..J.Ln .h_,...l .wllul 1
" M TIrerT L] f | ] |
1 _ A ATE s An & I w. H N
| ¥ | 1 i ] £ = | | ;
I 1 I 3 -
T m-m_ il N 54 | _ 4
4t ..1.*_ ; 1 & 1 T “ t T
: i H SaIMEY W81 8 ¢ AR mma n ! !
] LN | IS & bk I 1 I + - i & 81
, IR a4 e - 1y 1 -+
mm DA 1 st ; ] } maas .. . _
T ! | 1B BEL. EEEN 1 | B 1 L =
HHH | 5850 IRSSSISSSLISSESISNESS SRS SSEMlfili
.“ Ll VNN W Sh - H i t ..I-.. .|..._: e " \ 1 H et
Seaate sugs | snes 18 Lo : . :
- _.ul.ll-.. 1 1 111 1 I 1 i p : 1T _ i iy
HH isEs smanusEs, (Eua: mEEEMEEE N Sasases mEaSs 188 |
_._. PR S .-.J.I....I - M ﬂ.. ._” - 4 L L.
L ==t - } op #t T E . 1 1 1
I ] ! ] I T | I o ! N
s _ : ) 1 SREEEEEE NN 1 [ e
i 1 : “. .“ m m.‘ m._ 5 .“ ! _m. ..Lm. T m “_ M ."..—ﬁ.... =1
HHH L . Ty ! 1 et - H I
(zH/3933n7d #ma %1 = &P 0) t (1933074 smx %1 = €P 0)
{dpy zH/ aemogd ae3InTd 1 T (gp) Iamod 12330714
L " & 4t v + |
. -.+ I RRE * - R 1 1
. 1 __. _ i ammsN 1 1 It i -
S - e — S T et e
DT T R T W LAY TR e g e e e i PR : T, . L = S




‘g 18pi1028Y ¥NSIBA 9INPOIdaY ( 18p10I9Y PUE PIOIIY o J3PIOIBY 4O UOSLIEAWOD Ja1INI4 “/-V¥ 3164

Aduasnbaxg 1

a ____a
I T
i T

I
I
T

111
1]
rrt

1) |
N | B
T T

30NA0HJ3AY A ‘QHOD3Y 4
30NA0HJIY @ ‘qH0I3y a

Ml -

k.

W

A

g

1
i
T

(2H/31933InTd swa %T = dp (Z233n1d swux %1 = dp 0)

(8P) ZzH/I9mod 1933nTd (€p) z3mod I933NTd
NS
TTYYITT
T

LITTET

] NN NN
| T T
1 IENNNNS INERE




P il e s = ¥ - s 3 & ¥ 5

TEOOW SINPOSOSY PUF QO33N W ) PUE § SIAQI00Y JO VOSSO0 gt ainbiy

ek Asusnbeiad  Twaim THNET

T ITT TTT 111 T T 11 T
H I IR ] 1 T 1 .
1 . 1
1 - Tt TIT 1 1 i |
1 T'TT1 1 1 11
™ T 1 T ] 1
! H T ! . . -
: HRHRR : asasas _m w
! e TR - . - -
e T T 11 I 1 1 H
3 . - I : .
e | FrHE H
A _ : an , . H :
e = Z | ] I i
-t T —- o — - L
e ...4“..... _ 1 . m“
I ! 3JONO0H4IY 3 '0HO023H @ inna ._"
- _ : 39NA0Y4IY B ‘003 8 T I
N ! H | msas _
1 ! ! 1 ] i Ly 11 T I
Y & YW RS tHHHH H +1H 1AL i —
L - 8 - -
: ] B ol = mgn : a
- 1 P HA i 1
b | | 1] 1 | |
gy e b b = 1 4
o 1 1 1 '
ll 3
i S ERENEER R RS T - B
T W= 1 . g s 2
e m = .h
1 111 1 1 r
O I ]
|4 H j e 1 f Th E i
- H I W 1
e T . SRR L
ENEEEEERERE T T 1 i
| 11 -4 _— H I 1

1] —— 33nq0od43H 8 ‘00938 9 T ]
==== 30NJ0Hd3H D 'OHOD3H 2 17 1

e
1 I i T 1 5

nﬂxumpﬁﬁ (z233nT4 swx X7 = @@ 0) [
(8p) zH/3emog {dp) Iamog 1a33nid

1
I

L

.
|

L I
IREEE ]
LLLLL I

bk
IEGEE AEm
LLI I L L1 1

e~

i L e sy S S i aal A Bt A e e e e e Pl g e N W - Za 4 PRy L =y




— s e e

‘SapOJy @anpoIday pue Pi03ay Ui 3 Pue ) SiaPI0IBY 4O uosiedwo?) ‘6-y di1nbi4

THMNSE Aouenbeid sy THMeE R
1 I
BT,
-
- - T
3INa0H43Y 2 '0H003H 3
IINA0H43H 3 "AH0I3H 3
- h A1 -
[ |
! ] - B
- by —i
M- = 25—
L N
—
s
a— L F i = =
LT 5
o Ay 7
1 ’ v q
I.Ilm 1 | _.*r — T
.ll
Wi I.‘-
HHH 391Q0H43Y 3 'QHOI3H 2 = s
33N00H43E 3 "'QEO0D3H 3 X
L ) er -
| ¥
- B j
L (sH/ae33nTd swI XT = P O 1 (a833n1d wmx %1 = €p 0} x
g fap) zH/3emog I8IINTJ ) (gp) Ismod 123307
" 1 A NSNS AN SN -

23




“YIPIMPUEY ZHY 9°GZ ‘SONISUSQ [e11990S JaMOd 1IN GL61 19qWadaqg pue Aew OI-Y ainbiy
RLELE I Tuna'a Tuam'e
. . T
e S e EEers SSsisessasasesessasssatans
1 1 I 5
g . T T !
1 4 i - 1 “ | _— LI
i T 1]
i T 1 1
1 T
X L 1T
"= T . SLET *dea u-
1 1 T - mmee—- SLeT Awm
I 1
I B I 1
...
7S NN 1T - ; ]
ad v, * n-
] !
T 1 .
1 H H :
r | - I ~ 1 ]
m. : ﬂ{ - M -.“. i3
" - - as : . ! 15 g
i 1 - s ah :
I 1 1
SENUDENESEENNEED :
! L S _m
| L]
.:.l EE3 & u.l-
T ™1 L
: 1 B - . “.l.
an I T 1 I71]
- (TH/2933n1d s@1 X1 = €P 0) (2933074 smx XT = @p 0 o
M- (ap) zH/28m0d 3933INT4 (gp) 3Iemog ze33INTd H
as - i z-
: n
"- . =




ypimpueg zH 9GZ ‘SanIsuaQ [e4133dS 1aMod 191N|d GL61 43qWadeg pue Aeyw ‘11-v ainbi4

& Tyl Zouenbezi In 1 e
| R H _
.W 1 T T N
- - 1
= ; SL6T "3%a
= 1 === SL6T Aww
1 ] : ]
- . 11 1
1 1
: i 8P L il 1 W ] = o N 1T ]
VRSN B » ik W '3 ]
% i 1 a
L o D ] H 1 i
1 8 ,.._m_ 1 ]
L ]s
1 —s
4 * :.fnz m .. = | in I8 M
1 I I - 1 ] " 11
T = = y
% T ! T
I : i
2 "
\‘ ] -
¥ :
-
"
4 uE s
a _. ]
1 s i 1 m
m ¢ L 1.|¢ T i T _
! T (¥H/a933NTd sm1 %T = € 0) | (ze33n7d sm1 XY = @P
" +— ¢ m.nuu TH/Iemod Ie3INTd {gp) Immog e33NTd
! T h
1
1
-
- [
3 ~ .




‘Ap@ 9/6uIS e ul SUORINPOId3Y [BIIN3S WOl Sjuauodwo) 1913n[4 Aouanbai-mOY Ui 5oUBI3441Q WnwWIXeW ZL-W 3inbi4

Tt Kausnbaig Tum Tu

__ H H

- u-.!- r

10 E

7
i
T
H
]
1
1
t
1
L L L L
Tl
I
a
I

3
|

9
]

LLLLL

1111}
S
L]
i)
5
-
[
H
L]
“%
]
83

1111




‘g sopioddy yipmpueg

zH 9°GZ FAPOW owaes adej pue

isPwioyse] uf

Aysuag jeads J3MOd Jaunid El

L F]
TWE'L

T1 1 ™1

1

— r .
—_ 3I00W OAHIS 3dVL 4
=== 00N HILINOHIVL

| I |
11

R it
{zm/3933n14 wm1 X1 = @0 0) e -
X ki e il
UT:. 1 I TT Hﬂ i
I.—I | 1

A,

S s .
e e B ok ot 0y R o S i

£
PR T




‘g 19pI093Y ‘YIPIMPURY ZH 9GZ ‘SIPOW 0AIaS ade] pue JRswoyde] Ul AJsuag [e1398dS 1am0d 131N ‘pi-v ainbi4

Ty Wl Aouenbaia
FOOW OAM3S 3dvL
e JOON HILINOHIV L
n- a-
W= n i -
Li
|
H
1 Ll
nl e =
HH 1 i e ]
4 m HEE R
g m 4 n
i L |
'..-.
L' |
’I
i ) H
1 INTA 1]
"I.

et e E gy au e e a o




— it S T kN ik S N o S
3 ‘— ~ - - - il Ty
3
! g 19pI033Y YIPIMPURG ZHY 9G'Z ‘SOPOW OMDS adel pue Jajawoyde] Ul AsuaQq 1819908 Jamod Ja1Nd “GL-Y 84nbl4
.,.4“~ 4 .
3 el Kousnbaxg  Twwez1 zHesz
....,.H T L Gl I T 7]
. R T I~ T
: | B B E = ! ;
3J00W OAY3S 3dVL
—===== 300N Y3LIWOHIVL
” L -
; £
" - — 29~
u N -
. i . ! : L, i Y / \ +
3 1 d X \
o ] i P ]
2 i n ') u
4 N .
4 i
" + — -
‘-
+ il P
T i
] -
I
T ~ T
: s 1 1 T N ! ! -
1 JNELN 1 Tt =
3 e .
"- -
L5 ”- K a-
K - ] 1] »
' - (ZH/2233nTd swx %7 = €p 0) > (A93307d swx %1 = €p 0) ]
+ - (dp) zH/I9mog I93INTJ d (gp) xamod x233NTA s
i |- ,
I
T
”- L - L : -
: : 3 g o .
1 ~ - -




g 2 £ i3 = oz i T ., -
ey : s =
e o = L . FO SRS S B S MESREESSS SEURL S e S S S NES e S SR Tl R S B e B R
= —— S — e e e Dt e g e i oyl |
. = o
=

-9onposday o4 ‘p1033Y D ‘YIPIMPUEY 2} 9°SZ ‘Sd13sudq 182322dS 13MO0d 30.L1A Pue 1311N)4 JO vOS|1edWO)

‘91-y 3nbiy
Aasuanbaixg Tuern T
1
Jalid i
I00W DAHIS 34Vl ‘HILLNTS
. —; -
] 1
L
zs-
] n i
1 | ]
111
T | » [
=|
HiH s
Saans RS m t T
] J H H - n -
- - L e [
“ ] H .l!# |
i |
L1 .
|
1 “l
o) {33074 "m1 XY = @9 0)
{gp) Iemod Ie3INTI o




e

o

i

i

et

1-.4‘.-3;

<

B R

Bt

.

- A e

3 -.,L e L ~ S e L.! o i i = i b ,1.Ih 2 ' Sk & - " ll.lb v
=l T " - = S e - . o temmrpp—— BT e . prwerye—
‘2onposday o ‘pi038Y I ‘YIPIMPURG ZH ST ‘SBIISUSQ [€1193dS JoMOd L IQ PUR J31N(J 4O UOSIRAWO) “/{-V 24nbl4
oSz Kousnbaagl Iney
JaLIda
9POW oA1aS adel ‘aajantd
" -
" U
i It
i 1 | | ) m
t 1 .;_m H :# i L. % | i T i
O i1
” “ ) 1} | § 1 -
| 1 i
Y - d¥
| ]
W_ P ENJIENEN : ] ]
- v L :  AmE] H r s L
L] . T Al LIS A B —
M 1 4 4| D | L a
N o [} ¥ 0 ]
3 " v L] 11
a ' v ) p 3 .
] ur X :
it
"- : 7+ 2 -
[y [4
]
v
”"- - &~
H I933NnTd Sw = d - )
H (2H/ wuu amo? 2 *M gp 0) (z033n7d sma %T = €p 0)
H (dp) zH/x0MOg I9IINTA (dp) a9mod ae3antd
"w- -




:
g

APPENDIX B

DESCRIPTION OF PHASE DETECTOR AND DIFFERENTIATOR

Figure B-1 is a schematic of the differential phase detector and differentiator designed and
built for this project. The two 100-kHz signals from the tape recc ":r are applied to inputs No. 1
and No. 2. Input No. 1 contains a network which has a 45-degree !.ad of input versus output
phase at 100 kHz. Input No. 2 contains a network which has a 4¢ cegree lag of input versus out-
put phase at 100 kHz. This gives a net 90 degrees phase shift between the inputs. The MC1596L
is a balanced modulator-demodulator which operates as a linear phase detector provided that the

inputs have an amplitude greater than 100 mV. Amplifier AR1 suras the differential outputs of
the MC1596L.

The output of amplifier AR1 contains a component directly proportional to the phase differ-
ence between the two inputs (provided that this angle is less than 90 degrees) and a component at
200 kHz. This signal then goes to a 3-pole, Butterworth active filter with a 3 dB bandwidth of
10 kHz. The output of the filter is a signal proportional to the phase difference between the two

inputs, with a sensitivity of 100 mV/degree. This signal then goes to a differentiator with selectable
RC time constants of 0.03 ms, 0.1 ms, and 0.3 ms.
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APPENDIX C

PROCEDURE FOR CALCULATION OF TIME BASE ERROR
SPECTRUM FROM FLUTTER SPECTRUM

The rms time base error at a frequency f; can be calculated from the rms flutter as follews:
time base error is proportional to the integral of flutter with time error

¢T

T="—

27

and the derivative of phase with respect to time equals frequency, therefore:

fdg = Jaw; cos (w; )t

or
Awi
¢ = — sin (w;t)
Awi f;
.. peak amplitude of ¢ = W = T
and
TAfi
T peak = —
pe 2mf,
or
TAf; ms
Tms = _—2-1r—fl_—
where

T = period of recorded signal in seconds
Af
A f; ms

peak frequency deviation in Hz at frequency f;

rms frequency deviation in Hz at frequency f;

¢ = angular displacement in radians




For the data presented in this report

T second and

) (1.08) (10°)

yl
A f, ms = (1.08) (103)(1020) Hz

where y, is the left ordinate value at frequency f; in decibels with respect to 1 percent rms
deviation.

(®) ot
o = (1.08) (10%) \1020/ _ 10%°

LJTAf m =
! (1.08) (10%) 100
A
) 1020
.L.TImms = 2_—00 pm fl

This same equation for 7 can be also be used to convert DITDE to ITDE.
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APPENDIX D ¢
COMPARISON OF FLUTTER POWER SPECTRAL DENSITIES !
OF TWO BRANDS OF TAPE E

Flutter tests were also conducted on several tape recorders using both brand x and brand y
tape. Both were the two most commonly used wide-band, group Il-type tapes. Typical flutter
spectra are presented in figures D-1 and D-2. Figure D-1 shows that the low frequency flutter com-
ponents are nearly identical. Figure D-2 shows that the brand x tape us:.d has about 1 to 3 dB more
flutter power in the frequencies above 2.5 kHz. This occurred for all samples of tape used, all tape
recorders used, and all record levels. This difference is probably not a problem because the most
important flutter components are the low frequency components.*

*Ratz, A. G. The Effect of Tape Transport Flutter on Spectrum and Correlation Analysis. IEEE TRANS ON % |
SPACE ELECTRONICS AND TELEMETRY, Vol. SET-10, December 1964, Pp. 129-134.
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APPENDIX E

COMPARISON OF FLUTTER POWER SPECTRAL DENSITIES
OF TAPE RECORDERS OF THE SAME MODEL

Tests were conducted to measure the flutter spectrums of two tape recorders of the same model
(recorder 1 2- J recorder 2). These tests were conducted exactly the same as the other flutter tests.
The flutter spectrums of the two recorders are shown in figures E-1, E-2, and E-3. Figure E-1 shows
that recorder 1 had no components uiider 256 Hz that recorder 2 does not have. However, recorder
2 also had components at 43, 86, 129, 172, and 215 Hz. Figure E-2 shows that recorder 1 had
large components at approximately 1 kHz, 1.48 kHz, and 1.93 kHz, while recorder 2 had large com-
ponents at approximately 640 Hz and 1.97 kHz. Figure E-3 is an overlay of the crossplays between
recorders 1 and 2. A comparison with figure E-2 shows that recorder 1 had large reproduce com-
ponents at 1 kHz, 1.48 kHz, and 1.93 kHz, while recorder 2 had a record component at 280 Hz
and large reproduce components at 215 Hz and 640 Hz. This figure also shows that the flutter
spectra of the crossplays of two recorders show a strong dependence upon which recorder was the
recording machine and which was the reproducing machine even for two recorders of the same model.
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APPENDIX F
FLUTTER POWER SPECTRAL DENSITY PLOTS
Figures F-1 through F-24 present the flutter spectra of the six tape recorders used in this study.
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APPENDIX G

DITDE POWER SPECTRAL DENSITY PLOTS

Figures G-1 through G-12 present the DITDE spectra of the four tape recorders with the tape
servo capability used in this study.
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