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The use of magnetic recording tech-
niques has long been an important means
of sortingdigital information, asevidenced
by the wide variety of equipment currently
in use. Representative systems utilize
drums, disks and tape as the recording
medium.

All three techniques share the common
problem of recovering the recorded digi-
tal information. The analog signal obtain-
ed by passing the recording medium by a
magnetic sensor (Read Head) must be
converted to a suitable digital format.

This application note reviews the gen-
eral problem and discusses a number of
specific circuit approaches.
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THE RECOVERY OF RECORDED DIGITAL INFORMATION
IN DRUM, DISK AND TAPE SYSTEMS

GENERAL CONSIDERATIONS

The design parameters of the read circuitry are de-
termined to a large extent by equipment characteristics
and recording method. A review of the relevant termi-
nology (expressed in terms of a tape system) will serve to
illustrate the relationship. Of particular interest are: tape
speed, transfer rate, packing density, and encoding format.

Tape speed, of course, refers to the velocity at which
the tape moves past the recording head, and is usually ex-
pressed in inches per second (ips). Typical values range
from a few ips to several hundred ips, depending on the
recording medium.

Transfer rate is simply the specification of how fast
data is being handled by the recording system, and is
usually expressed in bits per second (or in the case of
parallel recording, bytes per second). Packing density refers
to the number of bits per inch (bpi) stored on the tape, and
it varies from a few hundred bpi to several thousand bpi.
Density is determined by the tape speed, data transfer
rate, and the physical limitation of the tape. Typical
transfer rates are indicated in Table 1.

TABLE 1
System Transfer Rate
Cassette 2-20 k Bits/S
Cartridge (a) 50-100 k Bits/S
(b) 100-500 k Bits/S
Reel (a) 100-200 k Bits/S
(b) 200-800 k Bits/S
Disk 1.5-20 M Bits/S

The manner in which a data bit is recorded on the
medium also influences the read circuit design. In general,
data is written by passing current through an inductive
recording head as the tape moves past the head, causing a
flux transition to be recorded. The polarity of the flux
reversal is determined by the direction of the current
through the write head. As the tape is read, each flux
reversal is sensed by the read head, and this causes peaks
to occur in the read signal.

The specific manner in which a data bit is represented
depends on the encoding format being used. There are
numerous encoding methods currently in use; however,
phase encoding is most widely used and will be used in all
examples throughout this report. A typical data block that
is to be encoded is shown in row 1 of Figure 1. The phase
encoded format records a “‘one’ as a flux transition at the
midpoint of the data cell, toward the magnetization level
representing erased tape. “Zeros” are recorded as a flux
reversal in the opposite direction.

FIGURE 1 — Phase Data Encoded

“Phase transitions’ are introduced as needed at the end
of each data cell. For instance, if a one is to be recorded
immediately following another one, there must be a phase
transition so that another transition toward erase polarity
can occur at the midpoint of the second data cell. The
various possibilities are illustrated in Figure 1. The analog
signal resulting from reading such a format is also shown.

READ CIRCUIT DISCUSSION

The first of several approaches to be discussed is shown
in Figure 2. This block diagram describes a simple Read
circuit with no threshold circuitry. Each block represents
a basic function that must be performed by the Read
circuit. The first block, referred to as “amplification”,
increases the level of the signal available from the Read
head to a level adequate to drive the peak detector.
Obviously, these signal levels will vary depending on factors
such as tape speed, whether the system used is disk or

tape, and the type of head and the circuitry used. For a

representative tape system, levels of 7 to 25 mV for the
signal from the Read head and 2 V for the signal to the
peak detector are typical. These signal levels, as well as all
other signals referred to in this report, are “peak-to-peak”
unless otherwise specified. On the basis of the signal levels
mentioned above, the overall amplification required is 38
to 49 dB. All references to gain in dB refer to voltage
gain, that is:

Voltage gain (dB) = 20 log; XQ

Vin

How the overall gain requirement is implemented will

depend somewhat on the system used. For instance, a

tape cassette system with variable tape speed may utilize a

first stage for gain and a second stage primarily for gain

control. Thus, a typical circuit would utilize 35 dB in the
first stage and 10 to 15 dB in the second stage.

Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not necessarily given, The information in this Application Note has been care-
fully checked and is believed to be entirely reliable, However, no responsibility is assumed for inaccuracies. Furthermore, such information
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others.



Devices suitable for use as amplifiers fall into one of
two categories, operational amplifiers or wideband video
amplifiers. Lower speed equipment with low transfer rates
commonly uses low cost operational amplifiers. Examples
of these are the MC1741,MC1458,MC1709, and MLM301.
Equipment requiring higher transfer rates, such as disk
systems normally use wideband amplifiers such as the
MC1733. The actual cross-over point where wideband
amplifiers are used exclusively varies with equipment de-
sign. For purposes of comparison, the MLM301 has slightly
less than a 40 dB open-loop gain at 100 kHz; the MC1741,
a compensated op-amp, has approximately 20 dB open
loop gain at 100 kHz; the MC1733, a video wideband
amplifier, has approximately 33 dB of gain out to 100
MHz (depending on gain option and loading).

The second block shown in Figure 2, peak detection,
provides the following stages with precise information as
to the polarity and location of all peaks in the amplified
signal.

FIGURE 2 — Typical Read Circuit (Approach 1)

There are a number of ways to implement this function
and several are shown later in this report. However, the
simplest and most widely used method is a passive dif-

ferentiator that generates ‘“‘zero-crossings’ for each of the
data peaks in the Read signal.
The actual circuitry used to differentiate the Read

signal varies from a differential LC type in disk systems to

a simple RC type in reel and cassette systems. Either type,

of course, attenuates the signal by an amount depending
on the circuit used and system specifications. A good
approximation of attenuation using the RC type is 20 dB
(discussed later in this report). Thus, the 2 V signal going
into the differentiator is reduced to 200 mV. An example
of a typical Read signal with the differentiated output
signal is shown in Figure 6, waveshapes a and b.

The next block in Figure 2 to be-discussed is the zero-
crossing detector. In most cases detection of the zero-
crossings is combined with the limiter. These functions
serve to generate a TTL compatible pulse waveform with
“edges” corresponding to zero-crossings. For low transfer
rates, the circuit often used consists of an operational-
amplifier with series or shunt limiting. For higher transfer
rates (greater than 100 k B/S) comparators are used. An
example of an operational amplifier useful for comparator
applications is the MC1709. The MC1709, operated open-
loop with no compensation, is considerably faster than
compensated counterparts such as the MC1741. Suitable
comparators for higher transfer rates are the MC1710,
MC1514,MC1711 and MC3302.

MORE COMPLEX APPROACHES

The approach described above is often modified to

include threshold sensing. In Figure 3, the function called
“double-ended, limit-detector” enables the output NAND
gate when either the negative or positive data peaks of the
Read signal exceed a predetermined threshold. This func-
tion can be implemented in either of two ways. One
method first rectifies the signal before it is applied to a
comparator with a set threshold. The other method utilizes
two comparators, one comparator for positive going peaks
and the other for negative going peaks. These comparator
outputs are then combined in the output logic gates.

FIGURE 3 — Read Circuit, (Approach 2)

Another common technique is shown in Figure 4. The
branch labeled rectifiers, peak detector, etc., provides a
clock transition to the D flip-flop that corresponds to the
peak to both the positive and negative going data peaks.
This branch may include threshold circuitry prior to the
peak detector. The detector in the lower path detects
whether the signal peaks are positive or negative and feeds

FIGURE 4 — Read Circuit, (Approach 3)

The technique shown in Figure 5 uses separate circuits
with threshold provisions for both negative and positive
peaks. The peak detectors and threshold detectors may be
implemented with two comparators and two passive
differentiators.

Each of the approaches shown offer certain intrinsic
advantages or disadvantages. The overall decision as to
which approach to use however often involves other im-
portant considerations. These could include cost and sys-
tem requirements or circuitry other than simply the Read
circuitry. For instance, if cost is the predominate overall
factor, then approach one may be the only feasible
alternative. '

Later in the report two design examples are described
using approach one and approach four. The basis for
choosing approach one was primarily cost (only three
integrated circuits were required to implement this ap-



proach). Approach four was included as a design example
because it -illustrates several unique advantages. First, it
uses threshold sensing to reduce noise peak errors. Second,
it may be implemented using only integrated circuits.
Third, it offers separate, direct threshold sensing for both
positive and negative peaks.

FIGURE 5 — Read Circuit, (Approach 4)
READ CIRCUITS

This section discusses specific circuitry for some of the
approaches discussed earlier.

Figure 6, indicates a simple method of implementing
the system of Figure 2. As previously discussed, this
circuit consists of four sections: the amplifier section, the
peak detector, the zero-crossing detector, and the limiter.
The example shown in Figure 6 uses a passive circuit,
C2R7, for the differentiator and a comparator (MC1710)
for the zero-crossing detector and limiter. Amplification
is provided by the MC1458 operational amplifier.

Typical waveshapes are included on Figure 6. The
second waveshape, the differentiated Read signal, shows
the zero-crossing occurring at peaks of the Read signal.
The output signal (third waveshape) describes a pulse train
when the rising edges correspond to the positive peak of
the Read signal and negative edges to negative peaks.

As previously mentioned, the comparator provides the
zero-crossing -detector and limiter function. There are
several ways of implementing this function using oper-
ational amplifiers, four of which are shown in Figure 7.
In all four, the differentiator is implemented by CIRI.

The second example (Figure 8) describes how approach
two (Figure 3) can be implemented. The operation of this
circuit is as follows: The first three stages IC1, IC2 and
IC3 amplify, differentiate and limit the Read signal in a
fashion similar to that shown in Figure 6. The resultant
output signal is fed to two AND gates, IC6 and IC7. The
output signals from IC6 and IC7 appear only when the
gates are enabled by IC4 and IC5. IC4 and IC5 (which are
comparators) provide the double-ended limiter function.
That is, IC6 and IC7 are enabled only at the positive and
negative peaks respectively of the Read signal. The signal
magnitude required to trigger the comparator is set by the
positive and negative threshold levels.

Typical waveshapes are shown in Figure 9. Note that
the leadingedge of the pulse train from IC6 corresponds to
the positive peaks of the Read signal. The trailing edge of
the pulse train from IC7 corresponds to the negative peaks
of the Read signals. The output of IC7 drives a ““one-shot”
IC8. This one-shot triggers on the trailing edge of the
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output pulse train from IC7. The desjred result, with the
leading edge of the signal from IC8 corresponding to
negative signal peaks is shown as the last row of Figure 9.

FIGURE 9 — Waveforms for Read Circuit Using Approach 2

The third example (Figure 10) shows how approach
three (Figure 4) may be implemented. This circuit works
in the following manner: The D flip-flop (IC6) provides an
output when clocked by IC4 (1/2-MC1414). IC4 produces
a positive going pulse for each positive and negative peak
in the Read signal (see Figure 11). IC1 (1/2-MC1458) and
IC2 (1/2-MC1458) provide the gain. This amplified Read
signal drives D1 directly and D2 indirectly. That is, the
signal to D2 is first inverted by IC3, (MC1741), a unity
gain amplifier. The resultant rectified Read signal is fed to
the differentiator R10C2 and to the zero-crossing detector/
limiter IC4 (which is a comparator).

Thus, a pulse train is fed to IC6 with each negative
transition corresponding to the positive and negative peaks
of the Read signal. In the meantime, the Read signal is
fed to IC5; a comparator. When the positive peaks exceed
a threshold established by R14, R13 and R15, ICS supplies
a data pulse to 1C6.

The fourth example (Figure 12) describes how approach
four (Figure 5) may be implemented. Circuit operation is
as follows: Positive and negative peaks of the Read signal
are processed separately. IC4 and IC3 process the negative
going peaks and the positive peaks pass through IC5 and
IC6. The outputs of 1C4 and IC6 drive T flip-flops, which
serve as data inputs to IC7 and IC10. A detailed timing
diagram of these waveshapes are provided in Figure 13.

READ CIRCUIT DESIGN

This section describes two design examples of Read
circuitry utilizing approaches one and four. Either method
is suitable for use in a cassette recorder with the specifi-
cations shown in Table 2:

TABLE 2
FRPI*. . . . . . . 1600.
TapeSpeed . . . . . 15ips
Head Signal 10 mV at 15 ips
Encoding Method Phase encoding
Logic . . . . . . . TTL

*Flux reversals per inch with a maximum of two
per bit time.

The example using approach one is shown in Figure 14.
This circuit approach, as previously explained, uses two
stages of gain (MC1458), a passive differentiator to gen-
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FIGURE 10 — Read Circuit — Approach 3



erate the zero-crossing, and a comparator as a detector-
limiter (MC1710).

The zero-crossing detector and limiter function is im-
plemented using an MC1710 comparator. The minimum
signal level to IC3 was chosen to be 70 mV (140 mV
peak-to-peak), since signal levels less than 50 mV can cause
undesirable oscillation during the transition period. This

(e SRR ‘ L S

FIGURE 11 — Waveforms for Read Circuit Using Approach Three

is a common problem with comparators. It is usually the
result of noise and a slowly changing input waveform, but
can be avoided by providing adequate input signal levels.
Signal levels less than this will also result in a greater
difference between where the zero-crossing points occur
and where the MC1710 actually triggers. The resultant
error of less than 5 percent was deemed adequate for this
design.

The differentiator consists of a simple RC network R7,
C2. This network provides the phase shift necessary to
generate the zero-crossing at both positive and negative
peaks of the Read signal. In addition to providing phase
shift, this network also attenuates the signal. Figure 15,
shows the phase shift and attenuation as a function of
normalized frequency for this type of differentiator. From
this figure note that a value of F = 0.07 f results in a phase
shift and attenuation of 86 degrees and 23 dB respectively.
This difference of 4 degrees from the desired 90 degrees
will result in an error of less than S percent in regard tc
actual peak location.

For a value of 0.07 f; and a minimum frequency fip
the corner frequency, f is:

- fmin
¢ 007
The minimum frequency corresponds to one-half the value

of fmax. This frequency (fipin) occurs when alternate
“1’s” and “0’s” are recorded, and no phase transitions are
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required at the end of the data cells. The maximum fre-
quency can be calculated from tape speed, and the max-
imum flux reversals per inch as:

¢ _ 1600-flux reversals < 15-inches cycle
max “inch sec 2-flux reversals
of 12 kHz. '
Correspondingly,

Thus, as explained earlier, the gorner frequency providing
less than 5% phase error is:

¢ Oz
¢ 007
or 86 kHz

Choosing a value of R7, much less than the parallel
input resistance of the comparator, will assure that the
corner frequency is determined by C2R7 only. With this
consideration in mind, R7 was chosen to be 91 ohms.C2
was then calculated to be 0.1 uF.

The 23 dB of attenuation, in conjunction with the
desired level of 140 mV (peak-to-peak) into IC3, nec-
essitates a minimum drive level to the differentiator of
2000 mV at 6 kHz. At 12 kHz the attenuation is 17 4B for
the given values of R7 and C2. Thus, the minimum drive
level to the differentiator at 12 kHz is 1000 mV.

The final step in the design is determining the Read
amplifier requirements. It involves considerations such as,
how much gain is required, what is the bandwidth require-
ment, and how much outband roll-off is required.

The overall gain requirement is straightforward in that
the 10 mV signal available from the Read head must be
amplified to the previously determined level of 2000 mV
(at 6 kHz) to drive the differentiator. This overall gain is:

A=20logg —o00mY

FIGURE 13 — Waveforms For Read Circuit Using Approach 4

FIGURE 14 — Read Circuit, Design Example 1

Correspondingly, the required gain at 12 kHz is 40 dB.

The required bandwidth, based on the maximum fre-
quency of interest was previously determined to be 12 kHz.

The outband response is more involved, and includes
among other things the response of the differentiator. The
differentiator, used in this example, is actually a high-pass
filter which readily passes noise* higher than 12 kHz (6 dB
per octave). Therefore, it is highly desirable to incorporate
at least 6 dB per octave of outband roll-off in the Read
amplifier. The actual filter used in practice varies with
system and manufacturer. For instance, it is not un-
common to see Read amplifiers with 18 dB per octave of
outband roll-off in a reel tape system.

This design provides 12 dB per octave of outband roll-
off using the normal 6 dB per octave of the first IC (with
the corner frequency properly chosen), and the 6 dB per
octave roll-off of a simple RC low-pass filter. Both corner
frequencies should be at 19 kHz to achieve an overall
3 dB bandwidth of 12 kHz. Placing the corner frequency
of the first IC (1/2-MC1458) at 19 kHz results in a closed
loop gain of 32.5 dB at 12 kHz. The value of R3 for R1
equal to 1000 ohms is approximately 52 k ohms from:

R3

A=—
R1

*That is, noise figure is increasing directly as the attenuation. The
severity of this problem depends on the signal level going into the
differentiator and the filter characteristics.

requency

corner

FIGURE 15
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where A = 34 dB (which is the gain if there were no roll-
off at 12 kHz).

The second network R4, C1 is also selected to have a
corner frequency of 19 kHz. Choosing a convenient value
of CI equal to 470 pF results in a value of 18 k ohms
for R4.

As previously discussed, the overall gain of the Read
amplifier (IC1 and IC2) must be 46 dB at 6 kHz and 40
dB at 12 kHz. The first stage gain was determined to be
34 dB, excluding the 1.5 dB roll-off at 12 kHz. To insure
that adequate overall gain is available, the second stage is
designed for 6 kHz, rather than 12 kHz. The gain of the
second stage must be sufficient to provide the difference
between the total required gain (46 dB), the first stage
gain 34 dB, and the roll-off. The roll-off of either IC1 or
the low pass filter is approximately 0.5 dB at 6 kHz. Thus,
the required gain of the second stage is 46 dB + 1 dB -34
dB, or 13 dB. A closed loop gain of 13 dB using (1/2-
MC1414) results in a bandwidth of approximately 150
kHz. From the expression for gain in a non-inverting
amplifier:

RS
A=1+ R

For R5 = 11 k, R4 equals approximately 3.3 k. Using
this design, the overall gain of the read amplifier at 12
kHz is 34 dB + 13 dB — 3 dB, or 44 dB. This value is
4 dB higher than the minimum required value of 40 dB.

. The Read amplifier for the components calculated has
an overall gain of 46 dB at 6 kHz, 44 dB at 12 kHz, a
3 dB bandwidth of 12 kHz and an outband roll-off of
12 dB per octave.

The second design example is shown in Figure 16. As
previously discussed, this design uses approach 4. With the
exception of IC7 through IC11 and IC4 and IC6, the
design is the same as Figure 14. For instance, although two
differentiators (C2, R7 and C3R11) are used the corner
frequency for each is again 86 kHz. Also the required
signal level to IC3 and ICS is approximately 70 mV. The
Read amplifier design is also identical to Figure 14.

The threshold circuitry IC4 and IC6 is unique to this
design. The threshold of either IC can be varied by chang-
ing +Vyef and -Vier. For instance, increasing +Vyef will
require a large signal to the non-inverting terminal of
IC6 — thus providing a higher degree of noise immunity.
Typical values of Vief (both positive and negative) were
experimentally determined to be approximately 1 volt for
the cassette system evaluated.

SUMMARY

The general problem of recovering digital information
stored on a recording medium such as drum, disk and tape
is discussed. General circuit approaches, as well as specific
circuit examples are shown. Two design examples of Read
Circuitry design are included.

@ MOTOROLA Semiconductor Products Inc.

Printed in Switzerland

AN-711



	05722123.tif
	05722124.tif
	05722125.tif
	05722126.tif
	05722127.tif
	05722128.tif
	05722129.tif
	05722130.tif
	05722131.tif
	05722132.tif
	05722133.tif
	05722134.tif
	05722135.tif
	05722136.tif
	05722137.tif
	05722138.tif
	05722139.tif
	05722140.tif
	05722141.tif
	05722142.tif
	05722143.tif
	05722144.tif
	05722145.tif
	05722146.tif
	05722147.tif
	05722148.tif
	05722149.tif
	05722150.tif
	05722151.tif
	05722152.tif
	05722153.tif
	05722154.tif
	05722155.tif
	05722156.tif
	05722157.tif
	05722158.tif
	05722159.tif
	05722160.tif
	05722161.tif
	05722162.tif
	05722163.tif
	05722164.tif
	05722165.tif
	05722167.tif
	05722168.tif
	05722168a.tif
	05722169.tif
	05722170.tif
	05722171.tif
	05722172.tif
	05722173.tif
	05722174.tif
	05722175.tif
	05722176.tif
	05722177.tif
	05722178.tif
	05722179.tif
	05722180.tif
	05722181.tif
	05722182.tif
	05722183.tif
	05722184.tif
	05722185.tif
	05722186.tif
	05722187.tif
	05722188.tif
	05722189.tif
	05722190.tif
	05722191.tif
	05722192.tif
	05722193.tif
	05722194.tif
	05722195.tif
	05722196.tif
	05722197.tif
	05722198.tif
	05722199.tif
	05722201.tif
	05722202.tif
	05722202a.tif
	05722203.tif
	05722204.tif
	05722205.tif
	05722206.tif
	05722207.tif
	05722208.tif
	05722209.tif
	05722210.tif
	05722211.tif
	05722212.tif
	05722213.tif
	05722214.tif
	05722215.tif
	05722216.tif
	05722217.tif
	05722218.tif
	05722219.tif
	05722220.tif
	05722221.tif
	05722223.tif
	05722224.tif
	05722224a.tif
	05722225.tif
	05722226.tif
	05722227.tif
	05722228.tif
	05722229.tif
	05722230.tif
	05722231.tif
	05722232.tif
	05722233.tif
	05722234.tif
	05722235.tif
	05722236.tif
	05722237.tif
	05722238.tif
	05722239.tif
	05722240.tif
	05722241.tif
	05722242.tif
	05722243.tif
	05722244.tif
	05722245.tif
	05722246.tif
	05722247.tif
	05722249.tif
	05722250.tif
	05722250a.tif
	05722251.tif
	05722252.tif
	05722253.tif
	05722254.tif
	05722255.tif
	05722256.tif
	05722257.tif
	05722258.tif
	05722259.tif
	05722260.tif
	05722261.tif
	05722262.tif
	05722263.tif
	05722264.tif
	05722265.tif
	05722267.tif
	05722268.tif
	05722268a.tif
	05722269.tif
	05722270.tif
	05722271.tif
	05722272.tif
	05722273.tif
	05722274.tif
	05722275.tif
	05722276.tif
	05722277.tif
	05722278.tif
	05722279.tif
	05722280.tif
	05722281.tif
	05722282.tif
	05722283.tif
	05722284.tif
	05722285.tif
	05722286.tif
	05722287.tif
	05722288.tif
	05722289.tif
	05722290.tif
	05722291.tif
	05722292.tif
	05722293.tif
	05722294.tif
	05722295.tif
	05722296.tif
	05722297.tif
	05722298.tif
	05722299.tif
	05722300.tif
	05722301.tif
	05722302.tif
	05722303.tif
	05722304.tif
	05722305.tif
	05722306.tif
	05722307.tif
	05722308.tif
	05722309.tif
	05722310.tif
	05722311.tif
	05722312.tif
	05722313.tif
	05722314.tif
	05722315.tif
	05722316.tif
	05722317.tif
	05722318.tif
	05722319.tif
	05722320.tif
	05722321.tif
	05722322.tif
	05722323.tif
	05722324.tif
	05722325.tif
	05722326.tif
	05722327.tif
	05722328.tif
	05722329.tif
	05722330.tif
	05722331.tif
	05722332.tif
	05722333.tif
	05722334.tif
	05722335.tif
	05722336.tif
	05722337.tif
	05722338.tif
	05722339.tif
	05722341.tif
	05722342.tif
	05722342a.tif
	05722343.tif
	05722344.tif
	05722345.tif
	05722346.tif
	05722347.tif
	05722348.tif
	05722349.tif
	05722350.tif
	05722351.tif
	05722352.tif
	05722353.tif
	05722354.tif
	05722355.tif
	05722356.tif
	05722357.tif
	05722358.tif
	05722359.tif
	05722360.tif
	05722361.tif
	05722362.tif
	05722363.tif
	05722364.tif
	05722365.tif
	05722366.tif
	05722367.tif
	05722368.tif
	05722369.tif
	05722370.tif
	05722371.tif
	05722372.tif
	05722373.tif
	05722374.tif
	05722375.tif
	05722376.tif
	05722377.tif
	05722378.tif
	05722379.tif
	05722380.tif
	05722381.tif
	05722382.tif
	05722383.tif
	05722384.tif
	05722385.tif
	05722386.tif
	05722387.tif
	05722388.tif
	05722389.tif
	05722390.tif
	05722391.tif
	05722392.tif
	05722393.tif
	05722395.tif
	05722396.tif
	05722396a.tif
	05722397.tif
	05722398.tif
	05722399.tif
	05722400.tif
	05722401.tif
	05722402.tif
	05722403.tif
	05722404.tif
	05722405.tif
	05722406.tif
	05722407.tif
	05722408.tif
	05722409.tif
	05722410.tif
	05722411.tif
	05722412.tif
	05722413.tif
	05722414.tif
	05722415.tif
	05722416.tif
	05722417.tif
	05722418.tif
	05722419.tif
	05722420.tif
	05722421.tif
	05722422.tif
	05722423.tif
	05722424.tif
	05722425.tif
	05722426.tif
	05722427.tif
	05722429.tif
	05722430.tif
	05722430a.tif
	05722431.tif
	05722432.tif
	05722433.tif
	05722434.tif
	05722435.tif
	05722436.tif
	05722437.tif
	05722438.tif
	05722439.tif
	05722440.tif
	05722441.tif
	05722442.tif
	05722443.tif
	05722444.tif
	05722445.tif
	05722446.tif
	05722447.tif
	05722448.tif
	05722449.tif
	05722450.tif
	05722451.tif
	05722452.tif
	05722453.tif
	05722454.tif
	05722455.tif
	05722456.tif
	05722457.tif
	05722458.tif
	05722459.tif
	05722460.tif
	05722461.tif
	05722462.tif
	05722463.tif
	05722464.tif
	05722465.tif
	05722467.tif
	05722468.tif
	05722468a.tif
	05722469.tif
	05722470.tif
	05722471.tif
	05722472.tif
	05722473.tif
	05722474.tif
	05722475.tif
	05722476.tif
	05722477.tif
	05722478.tif
	05722479.tif
	05722481.tif
	05722482.tif
	05722482a.tif
	05722483.tif
	05722484.tif
	05722485.tif
	05722486.tif
	05722487.tif
	05722488.tif
	05722489.tif
	05722490.tif
	05722491.tif
	05722492.tif
	05722493.tif
	05722494.tif
	05722495.tif
	05722496.tif
	05722497.tif
	05722498.tif
	05722499.tif
	05722500.tif
	05722501.tif
	05722502.tif
	05722503.tif
	05722504.tif
	05722505.tif
	05722506.tif
	05722507.tif
	05722508.tif
	05722509.tif
	05722510.tif
	05722511.tif
	05722512.tif
	05722513.tif
	05722514.tif
	05722515.tif
	05722516.tif
	05722517.tif
	05722518.tif
	05722519.tif
	05722520.tif
	05722521.tif
	05722522.tif
	05722523.tif
	05722524.tif
	05722525.tif
	05722526.tif
	05722527.tif
	05722528.tif
	05722529.tif
	05722530.tif
	05722531.tif
	05722532.tif
	05722533.tif
	05722534.tif
	05722535.tif
	05722536.tif
	05722537.tif
	05722538.tif
	05722539.tif
	05722540.tif
	05722541.tif
	05722542.tif
	05722543.tif
	05722544.tif
	05722545.tif
	05722546.tif
	05722547.tif
	05722548.tif
	05722549.tif
	05722550.tif
	05722551.tif
	05722552.tif
	05722553.tif
	05722554.tif
	05722555.tif
	05722556.tif
	05722557.tif
	05722559.tif
	05722560.tif
	05722560a.tif
	05722561.tif
	05722562.tif
	05722563.tif
	05722564.tif
	05722565.tif
	05722566.tif
	05722567.tif
	05722568.tif
	05722569.tif
	05722570.tif
	05722571.tif
	05722572.tif
	05722573.tif
	05722574.tif
	05722575.tif
	05722577.tif
	05722578.tif
	05722578a.tif
	05722579.tif
	05722580.tif
	05722581.tif
	05722582.tif
	05722583.tif
	05722584.tif
	05722585.tif
	05722586.tif
	05722587.tif
	05722588.tif
	05722589.tif
	05722590.tif
	05722591.tif
	05722592.tif
	05722593.tif
	05722594.tif
	05722595.tif
	05722596.tif
	05722597.tif
	05722598.tif
	05722599.tif
	05722600.tif
	05722601.tif
	05722602.tif
	05722603.tif
	05722604.tif
	05722605.tif
	05722606.tif
	05722607.tif
	05722608.tif
	05722609.tif
	05722610.tif
	05722611.tif
	05722612.tif
	05722613.tif
	05722614.tif
	05722615.tif
	05722616.tif
	05722617.tif
	05722618.tif
	05722619.tif
	05722620.tif
	05722621.tif
	05722622.tif
	05722623.tif
	05722624.tif
	05722625.tif
	05722626.tif
	05722627.tif
	05722628.tif
	05722629.tif
	05722630.tif
	05722631.tif
	05722632.tif
	05722633.tif
	05722634.tif
	05722635.tif
	05722636.tif
	05722637.tif
	05722638.tif
	05722639.tif
	05722640.tif
	05722641.tif
	05722643.tif
	05722644.tif
	05722644a.tif
	05722645.tif
	05722646.tif
	05722647.tif
	05722648.tif
	05722649.tif
	05722650.tif
	05722652.tif
	05722653.tif
	05722654.tif
	05722654a.tif
	05722655.tif
	05722656.tif
	05722657.tif
	05722658.tif
	05722659.tif
	05722660.tif
	05722661.tif
	05722662.tif
	05722663.tif
	05722664.tif
	05722665.tif
	05722666.tif
	05722667.tif
	05722668.tif
	05722669.tif
	05722671.tif
	05722672.tif
	05722672a.tif
	05722673.tif
	05722674.tif
	05722675.tif
	05722676.tif
	05722677.tif
	05722678.tif
	05722679.tif
	05722680.tif
	05722681.tif
	05722682.tif
	05722683.tif
	05722684.tif
	05722685.tif
	05722686.tif
	05722687.tif
	05722688.tif
	05722689.tif
	05722690.tif
	05722691.tif
	05722692.tif
	05722693.tif
	05722694.tif
	05722695.tif
	05722696.tif
	05722697.tif
	05722698.tif
	05722699.tif
	05722700.tif
	05722701.tif
	05722702.tif
	05722703.tif
	05722705.tif
	05722706.tif
	05722706a.tif
	05722707.tif
	05722708.tif
	05722709.tif
	05722710.tif
	05722711.tif
	05722712.tif
	05722713.tif
	05722714.tif
	05722715.tif
	05722716.tif
	05722717.tif
	05722718.tif
	05722719.tif
	05722720.tif
	05722721.tif
	05722722.tif
	05722723.tif
	05722724.tif
	05722725.tif
	05722726.tif
	05722727.tif
	05722728.tif
	05722729.tif
	05722730.tif
	05722731.tif
	05722732.tif
	05722733.tif
	05722734.tif
	05722735.tif
	05722736.tif
	05722737.tif
	05722738.tif
	05722739.tif
	05722740.tif
	05722741.tif
	05722742.tif
	05722743.tif
	05722744.tif
	05722745.tif
	05722746.tif
	05722747.tif
	05722748.tif
	05722749.tif
	05722750.tif
	05722751.tif
	05722752.tif
	05722753.tif
	05722754.tif
	05722755.tif
	05722756.tif
	05722757.tif
	05722758.tif
	05722759.tif
	05722760.tif
	05722761.tif
	05722762.tif
	05722763.tif
	05722764.tif
	05722765.tif
	05722766.tif
	05722767.tif
	05722768.tif
	05722769.tif
	05722770.tif
	05722771.tif
	05722772.tif
	05722773.tif
	05722774.tif
	05722775.tif
	05722776.tif
	05722777.tif
	05722778.tif
	05722779.tif
	05722780.tif
	05722781.tif
	05722782.tif
	05722783.tif
	05722784.tif
	05722785.tif
	05722786.tif
	05722787.tif
	05722788.tif
	05722789.tif
	05722790.tif
	05722791.tif
	05722792.tif
	05722793.tif
	05722794.tif
	05722795.tif
	05722796.tif
	05722797.tif
	05722798.tif
	05722799.tif
	05722800.tif
	05722801.tif
	05722802.tif
	05722803.tif
	05722804.tif
	05722805.tif
	05722806.tif
	05722807.tif
	05722808.tif
	05722809.tif
	05722810.tif
	05722811.tif
	05722812.tif
	05722813.tif
	05722814.tif
	05722815.tif
	05722816.tif
	05722817.tif
	05722818.tif
	05722819.tif
	05722820.tif
	05722821.tif
	05722822.tif
	05722823.tif
	05722824.tif
	05722825.tif
	05722826.tif
	05722827.tif
	05722828.tif
	05722829.tif
	05722831.tif
	05722832.tif
	05722832a.tif
	05722833.tif
	05722834.tif
	05722835.tif
	05722836.tif
	05722837.tif
	05722838.tif
	05722839.tif
	05722840.tif
	05722841.tif
	05722842.tif
	05722843.tif
	05722845.tif
	05722846.tif
	05722846a.tif
	05722847.tif
	05722848.tif
	05722849.tif
	05722850.tif
	05722851.tif
	05722852.tif
	05722853.tif
	05722854.tif
	05722855.tif
	05722856.tif
	05722857.tif
	05722858.tif
	05722859.tif
	05722860.tif
	05722861.tif
	05722862.tif
	05722863.tif
	05722864.tif



