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For the past several years the companies in the seismograph busin-
ess have been turning more and more to the use of magnetic tape recording
systems.

This thesis has as its purpose a discussion of & system which has
been designed to facillitate the recording of two seismmic information
signals on one magnetic tape chamnel, thereby doubling the capacity of
existing recorders. The design, operation and testing of the actual
circuits are covered in the paper. These circuits are taken from a
patent spplieation which I have assigned to the Esso Research and
Engineering Company .

An expression of appreciation is made for the guidance and help of
Pr. H. L. Jones. I would alsc like to express my deepest appreciation
to Dr. K. N. Burns, Dr. H. B. Ferguson, and Mr. W. L. Tkard for their
technical assistance and advice, and to The Carter Oil Company Research
Laboratory for the use of equipment and material used in building and
testing the apparatus.
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In petroleum seismic exploration, it is customsry to detonate an
explosive charge in a relatively shallow hole in the ground to produce
complex waves in the earth, part of vhich penetrate the ground to a
considershle distance, are reflected from subterranean geological strata,
and are propegated back toward the swrface of the earth. These re-
flected waves are of interest to geologists. When properly recorded,
they enable the subterranecan formations to be predicted with s consid-
erable degree of accuracy. The translational movement of the earth
resulting from the reflected waves is converted by geophones, or seis-
mometers, to electriecal currents representative of the movement. The
electrical signals from the geophones are amplified, filtered, and
recorded in some mamner to allow visual observation of something
representative of the movement of the earth.

The spparstus described in this paper is aimed toward further
simpliTication of the equipment used in seismograph recording.

From the early days of the exploration seimmograph industry until
the lace 1940's the information signals from geophones were recorded
with galvanometer type oscillographic recorders. The records obtained
were on photogrephic paper with the signals appearing es "wiggly”
traces. Figure 1 shows an example of such a record.

The desirability of reproducing the electrical signal from the
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Typical Seismic Record



3
record and for reducing the size and weight of the instruments led to
the search for different methods of recording the informstion. Two of
the methods used to obtain reproducible records were called varisble
area and varisble demsity recording. Both of these systems utilized
the galvanometer oscillograghic recorders with special changes to put the
desired signal on photographic film.

In the early 1950's another recording medium was introduced to
the seismic industry. The success of magnetic tape recording in sudio
work made the system seem very attractive for seismic recording. The
magnetic tape system offered the advantages of reproducible records
and elimination of photographic processing in the field. In cases
tage was especlally appreclated.

. he frequencies of the waves of interest in selsmic work sre between
ten cycles per second and two hundred fifty cycles per second, with
most records ranging only from twenty to one hundred cycles per second.
This freguency range made the direct recording of the signals on mag-
netic tepe impractical. The seismograph companies who built meguetic
tape equipment used various modulation systems to record the information.
The systems used include freguency modulation, pulse width modulastion,
and bizs recording, with the first two recelving the most use.

At the present time magnetic tape recorders are being used exten-



similar in many respects. Most of them have a peak signal to pesk
noise ratio of about 46 @b., or 200:1. Most of the recorders were
designed to record sbout 30 separate sigmals for from two to six
seconds.

There are times when it would be desirable to have more signal
channels available, d*h““hm“u
to record some of the control voltage information, that is, to record
the voltages used in the sutomatic gain comtrol circuits. Of course
1t would be most desirable o do ihis without increasing the size or
amount of equipment used.

The subject of this paper is a method of doubling the mmiber of
or megnetic tape than arve presently in use.

The method of accomplishing this is to modulate two parameters of
& single pulse carrier. One of the information signals is used to vary
the repetition rate of the carrier pulses. The other information
signal is used to modulate the duration time of the carrier pulses.
In effect, this is a combination of freguency modulation and pulse
width modulation.

The circuits shown and discussed in this paper are covered by a

&



patent application which has been assigned by the author to the Esso
Research and Engineering Company. :

If the system is to be usable it must meet several reguirements.
equipment. For most uses a response that is flat from ten to one hun-
dred cycles per second is sufficient. Second, the signal to noise
ratio should be as good as the regular seismic msgnetic tape recorders.
In most recorders this ratio is about 200:1. The third requirement
is the crosstalk should not be significant. This means it would be
preferable to have it as low as the noise.

The following chapters will give detalled explanations of the
'mmammuﬂumm«mm
have been made on them.



CHAPTER III
DESCRIPTION OF CIRCUITS USED

As has been previously stated, the purposes of the cireuits,
vhich are the subject of this paper, are to modulate and demodulate
& pulse carrier with two separate information signals. This will
provide a modulated carrier aignal suitable for spplication to a
magnetic tape recording head and for recovery from the magnetic tape.
~ The demodulator will reconstruct the original information signals.

A simple description of the modulator circuit can be presented
with the aid of the block disgram shown in Pigure 2. Examining the
path of the signal which ultimetely varies the repetition rate of the
carrier, it can be seen that the begimning is labled "F. M. Input".
The first bloek, representing sn smplifier stage, is followed by an
astable mltivibrator, the frequency of which is a linear fumection of
thlwltmqutﬂ.dmimm- The output of the
mltivibrator is amplified and differentisted in the section labled
"Diff. Cireuit". The output of the differemtiating circuit is fed to
the trigger circuit vhich triggers the mono-stable multivibrator, which
is the final output tube.

The term "mono-stable multivibrator” is used to refer to a multi-
vibrator circuit which has a stable operating condition with cne tube
conducting and the other tube non-conducting. Only when a trigger
pulse is received do the tubes change operating conditions, and then for

6
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a period determined by the circuit paramaters and mostly independent
of the trigger. For each trigger received, there is one pulse put out.
The path of the second information signal is somewhat shorter.
From the input, lsbled "P. W. Input”, the signal is smplified and fed
to the mono-stable miltivibrator, where it is used to vary the width of
the output pulses. _

The output of the mofulating cireuit can be fed to a convenmtional
magnetic tape recording head which spplies the signal to the magnetic
tape.

The demodulator is used to recover the information signals from
the carrier. A simplified explensvion will be offered with the aid of
the block dlagram in Figure 3. For simplification, the testing of the
circuits was made with the signal fed directly from the modulstor to
the dsmodulstor. If the signal to be demodulated were coming from
the reproducing head of & megnetic tape recorder, a pulse reformer
such as has been described in Electronicsl would precede the circuits
shown.

The modulated pulse carrier is fed to the first block labled
"Separator". The separator is a conventional phase splitter amplifier
whose fimction 1s to give two output wavefomms, ome with the positive
voltage swing & fiunction of the leading edge of the inmput pulse and
the other with the positive voltage swing s function of the trailing
edge of the input pulse. To demodulate the frequency modulated part
of the signsl, the pulse labled "Lesding edge pulse” is differentisted

1¥ax L. Van Doren, "Magnetic Recording of P, W. M. Signals”
Electronics, May 1954, pp.232-2h2. '
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and fed to "Prigger eircuit mmber 1". The trigger eircuit functions
to operate the momo-stable multivibrator. The output pulses of the
miltivibrator are filtered and the output is obtained in the ssme form
as when it was fed to the input of the modulator.

The pulse width demodulator is rather more complicated than the
frequency modulation demodulator. After differentiation, the leading
edge of the imput wave is fed to the block labled "Trigger eircuit
mmber 2". This trigger circuit acts on the "bootstrap amplifier”,
which starts a capacitor charging linearly with respect to time. The
trailing edge of the imput wave is differentiated and used to trigger
a mono-stable multivibrator. The output of this multivibrator is fed
$0 & block labled "Sampler”, which lets the instantaneous voltage of
the bootsrep smplifier thwough the D. C. amplifier and filter to the
final emplifier output. The output signal is identical to the signal
fed to the P. W. Input of the modulator.

A more detailed explanation of the modulating circuit will be
given with the aid of Figure 4. As before, the frequency modulator
will be discussed first. The information signal is fed im the ¥. M.
Input to tube V101, which is a comventicnal R C Amplifier. The output
of this amplifier is coupled to the junction of the biasing voltage
divider, R, aod Ry, and the grid resistors, Rg and By, of the astable
multivibrator, tubes V103 and V1O4. This mmltivibrator is a well knowm,
degemerative, positive-blas multivibrator. As shown in Figure 5, the
frequency vs. grid voltage curve is guite linear firom 1000 cycles per
second to 3000 cycles per second. The output of the multivibrator is
a square wave type signal with a repetition rate dependent on the
amplitude of the grid voltage. The output of the multivibrator is
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the grid of tube V106, which is used to trigger the modulating momo-
stable multivibrator, tubes V107 and V108. The mono-stable multivi-
brator has as an output one pulse, with steep leading and trailing
edges, for each trigger pulse fed to it. The duration of the individual
pulse is independent of the trigger pulse, and will be discussed in the
follevdag paragraphs. To sumarize the action of the circuit so far,
»a.g'_&lgggi gggggg Input
acts upon the ecircuit to vary the repetition rate of the output pulses.
The instantaneous repetition rate of the pulses is proportional to the
instantaneous voltage of the input. The output signal has a freguency
spectmm containing the fundamental carrier frequency, harmonics
of the carrier, sum and difference frequencies of the carrier and the
information signal, end sum end difference frequencies of the carrier
haxrmonics and the information signal

‘The information signal which modulates the duration time of the
carrier pulses is fed to the P. W. Input and smplified by tube V102.
The output of this smplifier is fed to thc ;vid of tube V107 where it
varies the grid voltage, thus verying the time of conduction of tube
V107 and the width, or duration time, of the output pulses. The pulse
durstion time is determined by the grid voltage of V107 and the ‘time
constent of Rop and Cg The pulse &uwration time vs. grid voltage curve
is shown in Figure 6. This curve shows a linear response from forty
microseconds to two hundred forty microseconds duration time. The
pulse duration time is proportiona” to the instantaneous voltage of the
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The final output of the modulator is a contimuous pulse train of
varying repetition rate and pulse duration time. The circuil parameters
were chosen 50 the repetition rate, with no signal applied to the ¥. M.
input, would be sbout 2200 pulses per second. The modulator will swing
this repetition rate down to 1200 and up to 3200 pulses per second.

. The pulse duration time was set so the pulse durstion time with no
sodulstior 5 150 microseconds. The modulating signal varies this
pulse duration time between the limits of 75 microseconds and 225 micro-
seconds.

A more detailed explanation of the demodulating circuit can be
given with the aid of Figure 7. The modulated carrier is placed on the
grid of tube V109, which has been called the separator. This ceperator
tube is an amplifier with approximstely unity gain and is commonly
koown as a "phase splitter”. mmm,nn,n@uw
total cathode resistance, Which consists of Ry plus Ry,. The output
of the plate is 180 degrees out of phase with the output of the cathode.
If the input to the demodulator is considered as a series of positive
pulses with the pulse duration time modulated so that the trailing edge
of the pulse is the varisble, then the oviput of the cathode of tube
V109 is also such a signal. The output of the plate circuit can be
considered as a meries of positive pulses with the leading edge variasble,
remembering that the leading edges of these pulses coincide in time to
the trailing edges of the input pulses.

To pursue the peth of the F. M. portion of the signal, the output
of the cathode of tube V109 is followed to the capacitor, C,, and
the resistor, Ry, which constitute a differemtisting circult. The
m,&,nmﬁ&n*umwmmw

i
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7
spikes which ave contributed by the trailing edges of the pulses. The
grid of tube V110 is fed a series of positive spikes developed by the
leading edges of the input pulses. The tube V110 is used to trigger
the mono-gtable multivibrator, tubes V11l and V112. The output of the
miltivibrator, taken from the plate of tube V112, is a series of
pulses of varisble repetition rate and of constant pulse duration time.
The integrating filter, consisting of Bys, Cyg Ly, and C;, has as an
output the information signal which was originally fed into the ¥. M.
input of the modulating circuit.

The pulse width demodulator uses trigger spikes from both toe
leading edge and the trailing edge of the input pulses. The positive
spike from the leading edge of the pulse, from the cathode of tube
V109, is fed through capacitor Ci3 to the grid of tube V113, which
triggers the mono-steble multivibrator, tubes Vilh and V115. The out-
put of the mono-stable multivibrator, taken from the plate of tube
V115, is a negative pulse which is fed to the grid of tube V117. The
negative pulse holds V117 in a cutoff, or non-conducting, condition,
allowing the capacitor Cy to charge linesrly in the bootstrap circuit
consisting of tube V116, Rgs, Rgg, Cpgs and Cp . This bootstrap circult
is a modification of & circuit shown in the literature.® As long as
the tube V117 is held below cutoff, the capacitor, Cy, charges at a
linear rate. (Simpler circuits were tried at this point in the de-
m,mthuu.mmmmmm
vhich varied when the repetition rate varied.) Since the voltage on

Cp is fed to the grid of the cathode follower, V118, ths voltage on
=

2pritton Chance et. al., Waveforms, (New York, /9%9) p. 270.



- this point were derived from what were the trailing edges of the

grid of tube V122, which triggers the mono-stable multivibrator,
tubes V123 and V12h. The output of tube V12h is a positive pulse of
short duration which is epplied to the grids of tubes V119 and V120
Vhen these sampler tubes conduct they allow the capacitor, Cpp, to
assume the instantaneous voltage on resistor Rg7. This means, in
effect, that the voltage on capacitor Cpp is determined by the pulse
duration time of each pulse. The leading edge of the pulse starts
the linear voltage incresse across Rgy, snd the trailing edge of the
pulse determines when that voltage is sampled by the capacitor, Cop.
The capacitor essentislly holds its charge until the next sampling
pulse allows a change. The resistor, Rsg, and capacitor Cp3, integrate
the voltage on Cpp and apply it to the grid of V121l. The output of
V1Zl {5 filtered and amplified by tubes V126 and V125 and associated
components to give the final output of tube V125 as the signal origin-
ally used to modulate the duration time of the carrier pulses. The
action of tubes V118, V119, V120, and V12l has been discussed in an

SBouston Technical Leboratories, Bulletin No. 81371, pp. 4-10.



CHAPTER IV
FREQUENCY CALCULATIONS FOR ASTABLE MULTIVIERATOR

The eircuit which was used for the frequency modulator is a
positive-bias, degenerstive feedback multivibrator which has been de-
seribed in the literature. The equations used in the following dis-
cussion of the circult were taken from one of the articles on the
subject.” The following discussion demomstrates the method of eul-
culating the center frequency of the miltivibrator and shows how to
determine the degreeof linearity of the modulating system.

The eireuit used in the modulator is redrawn in Pigure 8, with
the values of the various circult parameters shown.

. . Ix
a3 7%0mmr 730mmf < 33K

T

> 5 =12

N

kl Ik I3

Ec= ’455.'

Figure 8. Astable Multivibrator
The ideal waveforms shown in Figure 9 will help to explain the
various voltage values used in the equations which follow.

431aney Bertram, "The Degenerative Positive-Bias Multivibrator”
;n_u__-n!ermz.n.n.,mss,u.m,m-m i

19
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Figure 9. Waveforms for multivibrator

Vhen one of the tubes, such as Ty, starts conducting, the other
tube is repidly driven below cutoff, and stays cutoff until the grid
charges up through the grid retum resistor and the coupling capacitor
to the point of comduction. At this point the two tubes reverse
MMMﬁ&m&mﬂMﬂu!ahM.

The equation which expresses the voltage on the grid of the tube
as it reses exponentially with time from its maximm negative value,



teken at time t=0, is :

o = B - (% - B )E R (1)
In equation 1, Cg is the effective capacitance, Cg = C + Cy,, vhere
ch-C*‘t('*-l-c.- In this exanple, C is large enough to make the
effects of the interelectrode and stray capacities negligible. For
& 12AU7 tube the approximste values of Cgy and Cgy are 1.6 mmfd. snd
1.5 mmfd.

Referring to Figure 20, the circuit will flip over, or T will
start conduction, when the grid of T, reaches the cutoff voltage,
:a---/;,ﬁ. For a symmetrical system, the value of t for this
condition is the half period, T, of the multivibrator. By measurement
on the sctusl circuit the cutoff voltage was determined to be - 3 volts.

The maximm negative voltage of the grid is given by equation 2.

la*lu-(\b'l,ﬂ(gjﬂa;) (2)
This equation states that the grid starts at a voltage equal to the
cathode voltage, during conduction, Eg3, and is drives down by an
amount equal to the voltage drop across the load resistor of the other
m,u-:,s,mwmm—f-,-._

€+ Ciy
R v e (3)
- - b - b
Fob ~ Tp3 !1-0!;4-1',‘* i
Cin ~ Cgk ¥ gy + Cs (5)

For this particular eireuit, C>> Ci, and ﬁ-ﬁc—;l-.—m]..
Substituting mumerical values:

B3 ™ 35,000 + 1000 ¥ Qo002 = O3 volta
By - Bg3 = 55,566 10007 G000 12 = 9+9 volts



The value mﬁunmmm.mm. Substi-
tuting the mmerical values in equation 2 gives:

Eg = 0.3 - 9.9 = - 9.6 volts
mmlmmmmmmﬁ-zw

- 3w 1h5 - (185 + 9.6)E ~ Kog

R - e 01

e -
Tw0.32LR, Cw 0.321°1-10%730-10"12
T = 23410°6
Since this value of t is the half period of the multivibrator, the
repetition rate, or the fundmmental frequency, f, is
* = oy = ke = 29 @eles per second
This is in good agreement with the measured value of 2200 cycles per
second in the actual cireuit.
To demonstrate the linearity which can be obtained with this cir-
cuit, eguation 1 is used as a starting point:
o =B - (B - B2)E~ FE (1)

E'_ﬁ.-ﬁ_
Ega = cutoff value of eg = - -Shb.

Vad
P e



f'= = L 6
ﬁ- 2301:!/ *"' (6)

Let 4 be the center of the operating range /7 and x be the deviation
from the center, i. €.,/ 5 = G+ x. Bubstituting these values:

f= b S
axchd.tﬁ.f_l_'ﬂ
AL +x)s1
f= X |

(B apx 41 XB=FKL 448

e -
2o ”

2RC In

fs= 1 (7)



m“mmmn(1+:)-x-§+§l-$* ..... "
the second logarithmic expression can be expanded as follows:

h(l-ru)-u-#g-#—-l?* ........

2 3 b

hH-h(l-ru)-h(l-&h

u:.-l.“,s).-cés_*;gﬁ.u;ium-w_,#,

h(1+h)

+ ; +.8 ap— = (!_%!)n

Therefore, an approximation can be made with a new series:

N R e
or; In {ptgx) (...s)x'“ i ‘J (8)

Now equation 7 can be rewritten:

_L b
S
Py 4 14—“‘&"""_

2!6[(1-&6‘1—‘-’:}1;6-:-)-}(:-3):]

£f~
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(9)

g 1+ui-m__x
2RC{In(B)+ x[h-g-llxn(-]-)+ (a - h)]}

e (84D2lin } = (b - a), the dencminator of equation 9 is constent
and the freguency becomes a linear fimction of the grid retum voltage.
It is possible to adjust the circuit parameters so this condition
prevails.’ Under these conditions the frequency equation can be re-
written: l,cgi_u:

“T2mcm & (9
Substituting x =45-42 in equation 10:
s 1 +Lag s s
2RCIn -
. s
§o +lasm) B (11)

zncn-}- bRCla §
vhere R = grid-retumn resistance, C = effective circuit capacitance,
a-a—-wm&mvﬂwgﬁnt grid-return

ml‘hﬂ,a.-ﬁé?, rﬁ—— “J'.nl‘h‘.lb

mmdnutaﬂmm,mmmmm-n‘-l-mﬁ

c-?ﬁ-m’m,ﬂ-%!-]..mﬁ, ‘.m.o.m,

""-ﬁtm~+ * '-o:a’“hll* 1. ﬂo-%-

Substituting these mmerical values, and letting G =3 :

=~ fﬁxo.sm) & Hﬁ!&m‘ j

£~ +

f ~ 2133 cycles per second.

5-Ivid.



CHAPTER V
PULSE TIME CALCULATIONS

The operstion of the monostable multivibrator is somewhat similar
to that of the astable multivibrator discussed in Chapter IV. The
main difference is that only the grid of cne tube is coupled to the
plate of the other tube. This means that the circuit is not free-
running, but has a stable operating condition with one tube conducting
and the other tube cutoff.

The eircuit used for the pulse width modulator, redrawn in
Figure 10, will be used to demonstrate the methcds of calculating the
pulse duration time and the linearity of the system. The resistors in

»£,, = 300
l Rz

R‘:
r

31K

'_——K—-q &, A

b— -

124U "7‘Tz

e

'mm. Monostable Multivibrator
tmmmm,nl,na,nn,nm,unk,mmwnumm
operating conditions as determined by the tube characteristics in a
tube manual.

The normal operating condition is for tube Ty to be conducting
vhile tube T, is bilased to cutoff. From the tube manual the following

26



approximate parameters were determined: r, = 7000 chms, = 16.
The operating current of tube T, can be obtained as follows:

= 6.8 mamp. (1)

To2 = §o wm. & T, 31,000 + + 7000
Bgo = BxIgp = (6.2)(103)(6.8)10°3) « k2 volts (2)

Bg = 2% b = 35—30 = 17.8 volts (3
The cathode voltage, €,, will be practically the same as the
grid voltage during the conducting period of tube T,; therefore, to
determine the operating current, I, of T,;, the following equation
gt T * k- !M—-z.er 10°3 amp. (%)
The voltage drop across R;,, which helps determine the maximm negative
voltage of e.,, is determined as shown below:
By =By Ty = 56 - 203 - 2.87 - 1073 = 160 volts  (5)
Now the pulse duration time mey be determined in a mamner similar
to that used for the free-ruming multividbrator. The minimm voltage
of the grid of T, is equal to its voltage during conduction of tube T,
minus the voltage drop across the load resistor of T; vhem it is com-
ducting. This minimm voltage is expressed below:
l',.-xu-l,,_-ke-m--mm (6)

gm.-.?..-.%_.-m.smu (M

mmmWﬁcﬂt@nwnﬂd!:n it
rises exponentially with time from its maximm negative value, takem at
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the time t = 0, is: Sy
g = By - (Byy - B)E R C (8)
The time required for the grid to reach cutoff may be determined by
mvmmuauﬁmmmw?ﬁmeu:
Eoop = Eyp - (Epp - Bg)E” RC
Substituting values from equations 6 and 7
-18.8-300-(3:04.130)8"':'1;'6'

€ RT = 0.759

t
nc-o.zrﬁ

To establish a pulse durastion time of 150 microseconds, let the value
of 0.276 R C = 150 » 106, If C is chosen, R may be calculated as

shown below:
Let € = 100mmfd.

o 150 + 30°6 g o
R e e 5.5 « 106 ohms

¥When the circuit was actually built and tested, it was found that a
value of five megohms for R gave a pulse duration time of 150 micro-
seconds. Using this value of R, the ealculated value of C would be
108 mmfd. This value is within the manufacturers tolerances for a
100 mmfd. capacitor.

The pulse duration time, or delay, is quite accurately linmearly
mummmw,ln. The linearity results from the
MMH“MMNWM@M,“&MM
duration time, T, of the pulse is linearly proportionsl to I,.6 o
mmmmmmumn&a,mmm

5‘mmmm,mu%mmu,
mewo, mo, h!ﬂﬂ, s PP -1
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as shown in the following pages. This explenation is taken from the
literature.’

The bias voltage, By, must be less than IooR, by at least the
cutoff voltage of Ty, or Egoy. The maximm value of Ej; can therefore
be expressed:

Egimex = I2 By + Egod (9)
Damedistely after triggering, P, and G, drop by the smount Ij Ry and
the cathode changes from I R to I Ry.

The current, I,, must be large emough to drive T, below cutoff.
This minimum current, Iy,, can be calculated as follows:

Bgp = Ip By - Tygin By (10)
B = TypminPy
Since Bgp must be less then E by the cutoff voltage, E.o,
Zg2 - B = Boop
or IRy - TituPr1 - LimtnPx = Beo2

80 Im - (n)

Rpy + Ry
mmd:mmmhln-ﬁnau}mm&m.m
current of T4,

mmmmmmmalﬂu
o = o - (B (18 - M| € FE (12)
vhen t =T ey = LRy +Ep
1,8, + Bop = Byp - [Fup - (Igfy - Tifya)] € W

ST SR~ Y ey o
¢ B - I + i

T+ mia.
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L gnEn s DR - TR
RE"" Ny - Rep - T (13)

At this point the variadle, I;o = I} ~ L4, , may be introduced, where
I;0 is the departure of the tube cwrrent from the curremt corresponding

0 By AlSo, let B' = By + Toglyy ~ Ighy (1%)
From (1) Tyuefry = IRy - DmauPs ~ Foop
Substituting in (14):

E' = By ~ Diminfy -~ Beo2 (15)
Rewriting equation (13):

= 16
e e - (16)

Mmdmwh(li:)-:--?f-f-¥+. o
mpoo 2o B . 3 (Bg)®, (B3 ...
- Do - R - -0 -

*-u[xcw.-n{z-hﬁ
¥ - BB ) - (0 o - oD« 3{Geok +2D-




If IjoRpy and I, oK, ave both small in comparison to E', then
o~ Bay + ) [ 1 - Bimy, - m) (18)

which represents the first two terms of eguation 17. From eguation 18
it can be seen that linesrity may be expected as long as the guantity
IRy - B)<<2B'. If By = By there would be perfect linearity,
if eguation 18 were used. This just means that more terms of egquation
17 would be needed to determine the linearity.
According to Millman end Taub, it has been determined experiment-
ally that it is possible to adjust the cathode coupled multividrator
to provide a linearity error of one per cemt. .



CHAPTER VI
TESTING THE CIRCUTTS

The cirewits which have been described in the previous chapters
were built and preliminary tests were performed. The circuit component
values vhich were used are listed in tables I, II, and IIT. The results
of the testing indicate that the original reguirements have been ful-
filled in most respects. The one regquirement not completely satisfied
was that of crosstalk, as will be discussed in following paragraphs.

Figure 11 shows smplitude vs. frequency curves for both chamnels
of the system. It can be seen that the system is essentially flat be-
yond the limits of 10 and 100 cycles per second. These measurements
wvere made by feeding an oscillator signal through a microvelter, to
obtain & measured imput, to the modulators. The demodulator outputs
were measured with a Tektronix type 535 oseilloscope.

To measure the signal to noise ratio, the same test instruments
mentioned in the previous paragraph were used. 7The peak signal was
measured by increasing the input signal until the output signal, vhich
mmumu&mmwm&
peak noise was measured by grounding the imput and observing the output
signal on the oscilloscope. The largest amplitule transient seem in
Actually no large transients were nmoticed, but only the noymel ripple

o
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and jitter. The measurements of peak, undistorted signal and pesk
noise, with no input signal, gave a sigual to moise yatio of 300:1, or
about 50 db.

The crosstalk, or interaction of one chammel on the other, was
the one thing which caused the most trouble. The measurements to de-
temine the crosstalk were made by feeding the osecillator signal to
only one input, then using the oscilloscope to momitor the output signal
associated with the other input. The interaction of the pulse duration
time on the F. M. channel was negligible and at least as good as the
signsl to noise ratio. The interaction of the pulse repetition rate
on the pulse width channel was troublesome. The final cireuit, as
shown in Pigures 4 and 7, has 2 ratic of 100:1 of pulse width infor-
mation signal to the erosstalk from the F. M. chamnel. Although this
does not meet the original specificatiomns, for many purposes it would
h@m. With further refinements in the bootstrap amplifier
circuit, this interference could probably be reduced even more.

Visual observations of the operation of the various parts of the
circuit vere recorded with the aid of the cathode ray oscilloscope and
a Polaxoid camera . mnmnmmdmm
forms at various poiats of the circuit.

In Figure 12 the input signal to the F. M. modulator is shown at
the top. The waveform at the bottom of the same figure is the fimal
cutput of the F. M. demodulator. Figure 13 shows the vaveforms at the
plate of tube V103, which is the astable multivibrator in the F. M.
circuit. The top waveform is without modulation while the bottom
waveform shows the effect of modulation. It is obvious that both the

leading and trailing edges of the pulses are varying. The trigger



Input

Output
Figure 12.
F. M. Circuit
Waveforms

'*rr[i!m!-u..

Modulated

Figure 4. F. M.
Trigger Pulses

ey
S LS

Modulated

Figure 13. Astable
Multivibrator Waveforms

; r B e el

Unmodulated

Figure 15. Modulator Output



38

spikes, as applied to the grid of tube V106, are shown in Figure 1h.
The top picture shows a few spikes without modulation while the bottom
picture illustrates more cycles at the same point with a modulating
sigoal applied. The output of the modulator showing F. M. modulation
only and no modulation is shown in Pigure 15. Oace sgain the effect
of varying repetition rate is indicated by the movement of both the
leading and trailing edges of the pulses. Waveforms in the frequemcy
modulation demodulator are shown in Pigure 16. The top pulses show the
output of the monostsble multivibrator st the plate of tube V112. The
trisngular pulses were obtained in the filter at the junctiom of Ry,
I, and Cy6-

The top half of Pigure 17 shows the input waveform to the pulse
width modulator. The bottom half shows the final output of the pulse
width demodulator. The output of the modulator is shown again in fig-
uwre 18. The ummodulated pulses are compared with pulses which have been
modulated by the pulse width circuit. Only the trailing edges of the
pulses show any indications of modulation.

Some of the waveforms in the pulse width demodulator are shown in
Figures 19 and 20. The output of the bootstrap smplifier, at the cathode
of tube V118, is shown in Figure 19. The top shows the umodulated
sweep with the sampling pulses showing up slightly more then balfwmy
up the slope. The bottom picture shows the effect of pulse width
modulation on the ssmpling pulses. The stalrstep voltage change of the
capacitor, Cpp, is shown in the top part of Pigure 20. The bottom half
shows the waveform on Cp3.

The final picture, Figure 21, shows the simultsnecus outputs of
the frequency modulation demodulator and the pulse width demodulstor.
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ko
The information signal modulating the repetion rate of the carrier was

& 90 cycle per second sine wave while the signal modulating the pulse
duration time of the carrier was a A5 cycle per second sine wave.
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CHAPTER VII
SUMMARY AND CONCLUSIONS

ceeding chapters was to design, build, and test a circuit which would
be useful in extending the capacity of a magnetic tape recoxding system
vhich is used for petroleum seismic exploration.

The method proposed was to combine two common forms of modulatiom
to introduce two separate information signals to a conmon carrier sig-
nal and, as a result, provide a system capable of doubling the mmber
of signals which could be recorded on a given tape recorder. The two
forms of modulation used were pulse widith modulation and frequency mod-
rate, or frequency, of a pulse wave carrier while the other information
sigoal was used to vary the pulse duration time, or pulse widil.

The circults were built and tests were mede to determine the fre-
quency response, signal to noise ratio, and the crosstalk, or inter-
modulation, of the system. The results of the tests indicate that the
circuits fulfilled the specifications to a large extent and would be
useful in most seismic recording. The fact that there was some cross-
talk in the system would limit its use in scme aveas; however, it is
likely that further development, especially in the pulse width demodu-
lator clirecuitry, would emable the system to be useful in s2ll arees.

h2
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could be put into routine operation. Sysem tests will have to be made
coubining the modulating and demodulating circuits with conventional

The system described in this paper would double the capacity of
the megnetic tape recorders which are now in use. metth.
m—mmmmmﬁammm
could be recorded on each tape with very little increase in recording
cquipment.
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