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I. Introduction 

Tests of the standard NCER multiplex system recorded and played back on 

both the Bell and Howell 3700B (about 0.1% tape speed variation) and on the 

Sony TC-126 cassette recorder (about 1% tape speed variation) showed that sub-

tractive compensation employing a reference frequency multiplexed on the data 

track was remarkably effective in reducing tape-speed-variation-induced noise 

1 
and, hence, in increasing the dynamic range of the record/playback system. 

Further tests suggested that the 0 to 30 hz bandwidth of the standard system 

(8 data channels) might be increased substantially, at the "price" of reducing 

the number of data channels to 3 or 4, without serious loss of dynamic range 

if subtractive compensation could be implemented effectively with the broader-

1 
band system. 

Two immediate applications of the broad-band system are apparent: 

(1) use with the Sony TC-126 cassette recorder in a broad-band 

refraction seismic system with maximum portability and .low cost. 

(2) Use with the Precision Instrument PI 5100 5-day tape recorder 

recording at 15/80 ips, with "record" center frequencies and 

deviations reduced by a factor of 5, in a hybrid system with 

response to 20 or 30 hz, good dynamic range, and many (e.g. 14 

to 21) data channels. This system would be played back at 

15/16 ips and would require the broad-band (0 to 100 or 150 hz) 

discriminators to recover data frequencies of 0 to 20 or 30 hz. 

The work described in these notes was undertaken to evaluate those two 

possible systems. It consisted of: 

(1) setting up the appropriate test modulators, 

1. Notes on some experiments on the applications of subtractive compensation 
to the USGS seismic magnetic tape recording and playback systems: USGS 
Open File Report, Aug 1975, J. P. Eaton. 



C2l modifying standard Develco disc:riminab:;rs to obta.in the broad-band 

data discriminators and compensation discriminator, 

(3) testing the characteristics, including compensation,of the 

test modulators and broad-band discriminators t 

(4) testing th(:; broad-band system employing the Sony 'rC-126 to record 

and playback the test signals, 

(5J testing the hybrid system (15/80 record speed and 15/16 playback 

speed) employing the P. I. 5100 5-day recordf:r as the record 

machine and the B & H - 3700B as the playback machine" 

The work on the discriminators was actually carried out first because they 

appeared to pose. the most serious limitations on the systems. Several combinations 

of center frequencies, deviations, discriminator input bandpass filters and 

output low-pass filters, and compensation discriminator input band-pass filters 

were tried. In these notes only the final (most successful) version will be 

described. The order of presentation was chosen for clarity and simplici t.y, not 

to suggest the order in which various parts of the work were accomplished. 

II. Broa~-band Multiplex System Design, Components, and Tests 

a. Subcarrier frequencies and deviations. 

The layout of channels for the standard (30 hz) NCER multiplex system, 

for the broad-band (150 hz) NCER multiplex system, and for the hybrid 

5-day tape system adaptation (30 hz) of the. broad-band multiplex system 

is illustrated in Figure lao In the sta.ndard system, there are 8 dat.a 

channels" with center frequencies of 340 (l + N) hz, where N is the channel 

number, dnd maximum d,,;viations of 12.5 hz. A timing channel with 

a center of 3700 hz has a maximum deviation of + 100 h2 .in t:h(" 

modula.tor, but. the discri.minator bandpass filter has a width of 



±. 2QQ hz to enha,nce the. high fx-equency x-esponse ot'. the. cha,nnel. The 

compensation reference frequency-, 461313 hz, ;ts unmodulated and is played 

back through a compensation discriminator with an input bandpass filter 

with a bandwidth of + 200 hz. 

In the. broad-band system there are 4 data channels (including timing) 

with cente.r frequencies of 680 (1 + N) hz where N is the channel number, and 

deviations of + 200 hz. The compensation reference frequency, 4688 hz, is 

unmodulated and is played back through a compensation discriminator with 

an input bandpass filter bandwidth of ±. 500 hz. 

The four channels in the hybrid system have "record" center frequencies 

of 136 (1 + Nl hz, where N is the channel number, and deviations of ±. 40 hz. 

The unmodulated compensation reference frequency is 938 hz. When speeded 

up 5 times on playback, the hybrid system is transformed into the broad

band system. Data frequencies are also increased by a factor of 5, howeverJ 

so the 150 hz upper limit of the broad-band playback system restricts data 

frequencies in the hybrid system to 30 hz. 

b o Test modulators 

The test veo bank built for the broad-band and hybrid systems is 

illustrated in Figure lb. Modulators with the required center frequencies 

and deviation sensitivities are provided for all 10 subcarriers of the 

combined systems. Any desired combination of subcarriers can be switched 

into the summing amplifier and combined to form the multiplexed output 

signal. Two different modulation modes are available by a separate mod-

ulation control switch on each modulator. The equal offset modulation 

option deviates each channel the same number of hz: + 200 hz for the 

broad-band system and + 40 hz for the hybrid system,when the modulating 
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voltage is .~. 3 •. 0(} yolt.s, The proportional offset .modulation option de-

viates each channel an amount that is proportional to its center frequency: 

f Fci 
~F . '"' + 200 x hz for a modulating voltage of + 3,00 volts. For both 

Cl 3125 

options deviation is proportional to the modulating voltage; so precise 

modulation levels of lower value can be obtained by scaling down the 

modulating voltage (e,g. with the calibrated attenuator on the Wavctek 

model 142 signal generator). 

The equal deviation modulation mode is convenient for running system 

response and dynamic range tests. The proportional deviation modulation 

mode can be used to synthesize the effects of tape speed variations in 

order to facilitate adjusting compensation input levels on the data 

discriminators and testing the effectiveness of compensation as a function 

of frequency. 

c. Discriminators 

A set of broad-band discriminators was obtained by modifying the model 

6203 Develco discriminators used in the standard NCER multiplex system. 

Three changes were required: 1) raise the cutoff frequency of the dis-

criminator low-pass output filter from 30 hz to 150 hz, 2) raise the cut-

off frequency of the low-pass ripple suppression filter in the discriminator 

amplifier feed-back circuit, and 3) broaden the width of the input band-

pass filter. The manufacturer (Develco) had faced a similar problem in 

the construction of a compensation discriminator by modification of a 

standard data discriminator. By comparing ·the circuits of the standard 

dat.a discriminators and the compensation discriminator it was to 

identify the that had to be 'I'he list of 
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of substitut;tQns for the. compensati.an dis.crimina,tor a,nd the broad-band 

data discr.un.inators refers to Figure 7, fla,ge18, of the Develco manual 

"Instruction and Service Manual, Model 6203 Discriminator, Revision B, 

June 1969". 

Component Std~ Data Discr. compo Discr. Broad-band Data Discr. 

C16 0.03311F 0.002711F 0.Ob8111F 

R52 11 M 910 K 1.8 M 

R53 5.1 M 430 K 860 K 

R54 2.7 M 220 K 440 K 

R55 5~1 M 430 K 860 K 

R56 11M 910 K 1.8 M 

R57 3 M 240 K 480 K 

R59 1.2 M 100 K 200 K 

R60 4.7 M 390 K 780 K 

R63 15 M 1.2 M 2.4 M 

R64 10 M 820 K 1.6 M 

R65 2.4 M 200 K 400 K 

R66 1.2 M 100 K 200 K 

R67 2.4 M 200 K 400 K 

R68 10 M 820 K 1.6M 

R69 1.8M 150 K 300 K 

R72 1 M 82 K 164 K 

R73 3.9 M 330 K 660 K 

R75 20 M 1.6M 3.2 M 

R76, R78, & C32 / Delete / 
R77 100 K 33K 100 K 

R78 ./" ~ 
100 K between +10 V and B 
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These ch~nges x~i.se the low-pass cut-o;!;;!; :.frequency :.f;r:QJ[} ~out 30 hz :.for 

the st~nd~rd da,t~ discrimin~tor to ~bout 150 hz :,Eor the broa,d...band data dis .... 

criminator and to about 300 hz for the compensation discriminator (and reverse 

its output polarity, as weIll. It was also found to be desirable to change C14 

from 4700 pF to 1000 pF for the 4688 hz compensation discriminator and the 

3400 hz broad-band data discriminator. It was also necessary to select a new value 

for R32 to achieve zero output for the undeviated center frequency and to adjust 

R26 and R27 to establish a voltage at the source of Q18 that would insure un

distorted operation of the compensation circuit for a large compensation input 

signal. A 20 K resistor was also put in series with R24, the compensation input 

level adjustment potentiometer, to densensitize this potentiometer to permit more 

precise adjustment. 

The input band-pass filters were adjusted to the appropriate center 

frequencies and band widths by appropriate changes in the values of Cl, C2, C3, 

C4, C5, and C6 and very careful adjustment of Ll, L2, and L3. It was also help

ful to adjust R3 to provide proper loading on the filter and to shunt L2 with 

an appropriate resistor (4 K to 10 K, by trial and error) to flatten the central 

portion of the final band-pass filter response curve. Broadening the input 

band-pass filters resulted in a substantial reduction in the overall sensitivity 

of the discriminators. They require input signals in which their subcarriers 

are at a level of several hundred millivolts peak to peak for reliable operation. 

The input filters for the broad-band data discriminators are down 3 db at 

+ 180 hz and about 4.5 db at+ 200 hz. The input filter of the 4688 hz compen

sation discriminator is down about 1.5 db at + 500 hz and about 20 db at + 900 hz. 

The low-pass output filters of the broad-band discriminators falloff 

to 70% maximum response at 100 hz and to 50% maximum response at 150 hz. 
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d. Modulator/discriminator compensation t.ests 

The broad-band data and compensation modulators were driven a 

10 hz square waVEc and a 10 to 300 hz swept frequency sine wave in the 

proportional deviation mode at a modulation level of - 10 db (32"':,). The 

resulting multiplex signal was detected by the broad-band discriminators, 

with compensation, and played out on the Siemens oscillomink at a paper 

speed of 100 mm/sec. On Figure 2 the upper four (dat,a channel) traces 

were played out with an oscillomink sensitivity of 5 mv/rom and the bottom 

trace (compensation channel output.), with a sensitivity of 125 mv/rom. The 

data discriminator compensation input potentiometers had been adjusted to 

minimize the compensated output for the square wave modulating signal. For 

the swept sine wave.f reduction of the "error" signal was 25 db or better 

on all channels for frequencies below 100 hz, and 22 db or better for 

frequencies below 150 hz. 

8. Modulator/discriminator noise test 

A 2 hz square wave at modulation levels of 0 db (100%), - 10 db,' ". 

-60 db (0 .. 1%) was il!'tpressed on all four data channels, detected by the 

broad-band discriminators with the compensation discriminator in operation 

(on all but the last 2 tests), and played out at a paper speed of 25 rom/sec 

on the Oscillomink. These tests are illustrated Figure 3. 

with the compensation discriminator functioning, the noise level is 

50 db or more below maximum modulat,ion output levels on all da.ta channels, 

and it: 60 db on channels 3 and 4. The high noise 

on channels 1 and 2 appears to result from inte.ract:i.on of the 4688 hz 
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ripple in the co~pens~tion discrimin~tor output ~nd the cha,nnel 1 ~nd 

channel 2 suDc~rriers. This noise disappears when the compensation dis

criminator is unplugged, even though the compensation subcarrier is still 

included in the multiplex signal. 

f. Modulator/discriminator system response tests 

A 10 hz to 200 hz swept frequency sine wave at modulation levels of 

100%, 10%, and 1% was imposed on the modulators, detected by the broad-band 

discriminators, and played out on the Oscillomink at a paper speed of 

100 rom/sec. These tests are illustrated in Figure 4. For strong modulation, 

e.g. 100% (Figure 4a) and 10% (Figure 4b), the signal was well above noise 

levels at all frequencies. At the 1% modulation level, interference between 

the high frequency noise on channels 1 and 2 and the sine wave signal produced 

serious distortion (beats, etc.) in the output signal at high frequencies 

(Figure 4c). with the compensation discriminator removed (Figure 4d), this 

interference disappeared and the 1% modulation level produced clear signals 

at frequencies as high as 200 hz. 

g. Crosstalk tests 

Each channel in turn was modulated at the 100% level by 1 hz and 10 hz 

square waves and by a 10 hz to 300 hz swept frequency sine wave while all 

other channels were left unmodulated. The multiplex signal from the 

modulator bank was fed directly to the broad-band discriminators and the 

discriminated signals were recorded at appropriate sensitivities on the 

Oscillomink at a paper speed of 25 rom/sec. The compensation discriminator 

was operating in every test. Results of these tests are shown in Figure 5. 

Crosstalk on adjacent channels is appreciable for signals with very rapid 

changes in amplitude, such as the square waves and high frequency (100+ hz) 

sine waves. 
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The effect of channel 1 on other channels, even channel 2 f is minimal ~ 

The stron9'est crosstalk is from channel 2 to channel If suggesting that 

channel 1 should be dedicated to timing signals at modulation levels of 

2s%to75%. Crosstalk among channels 2, 3, and 4 generally is below 1% 

(-40 db) for sine wave frequencies of 150 hz and less. 

III. Broad-band System Recorded and Played Back on the Sony TC-126 Cassette Recorder 

a. Sony TC-126 cassette recorder 

This recorder is a small inexpensive consumer type two track AM stero 

cassette tape recorder that is being considered for use in a light-weight 

portable seismic refraction system. Using iron oxid~ tape/the response of 

the system to signals recorded and played back through the "line" input/out

put terminals is flat between 500 hz and 1 K hz and falls off to about 40% 

at 100 hz and 6 khz •.... ;Better high frequency response can be obtained using 

chromium~oxide tape; but the standard iron oxide tape was used in these tests. 

To establish an optimum recording level the multiplexed signal was 

introduced to the recorder and recovered from the tape monitor output 

(without recording and playing back from tape). Both the input and output 

signals were displayed on a 2 track oscilloscope. For input levels of 

300 mv p-p or less, the output signal appeared to be undistorted and its 

level was linearly dependent on the input level. 

Next the tape monitor signal was introduced to a broad-band discriminator 

and its output was displayed on the scope along with the multiplex input 

signal. As the input signal was increased progressively above 300 mv p-p 

the discriminator output noise level also increased steadily. There was 

little variation in that noise level for input signals between 150 mv p-p 

and 300 mv p-p, however. Examination of the noise generated by large 
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input signals suggested strongly tha,t HclippingV of peaks or troughs 

from the complex multiplex signal was the ca.nse of the noise that 

on the discriminator ,)utput. In the tests that follow I input signal levels 

were limited to 300 mv p~p. 

The tape recorder employs an automatic gain control circuit, but the 

effect of that circuit was minimized by the low input signal levels used 

in these tests. The AGC circuit was not adjusted to avoid distortion of 

the multiplex signal when oversized input signals were applied. 

b. Noise levels (dynamic range) of the broad-band system recorded and 

played back on the Sony 

A 2 hz square wave signal at modulation levels of 0 db (100%) -10 db, 

- 60 db (0.1%) was impressed on the four data channels of the modulator 

I I I 

bank and the resulting multiplex signal was recorded on the Sony recorder. 

The tape was then played back through the Sony, discriminated by the set of 

broad-band discriminators,with compensation, and played out at a paper 

speed of 25 mm/sec on the Oscillomink (Figure 6a). The compensation output 

was recorded at a sensitivity of 50 IT'v/mm throughout, but the data channel 

sensitivities were varied to obtain clear records. By reference to the 

-40 db modulation level test, it is apparent that the output noise level. 

on the data channels, with compensation, is near the - 40 db level. The 

experiment was repeated with the channel 4 subcarrier turned off (Figure 6b). 

There is a clear reduction in the noise on the remaining 3 channels; and 

channels 2 and 3 have noise levels somewhat lower than -40 db. 

c. Crosstalk and response 

.Each da·ta. subcarrier i.n tUX,],l was modulat~ed' at the 100% level a 10 h2 

sqlJare wave and a 10 hzLo 300 hz sine wave w.hile all otber 
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subca);');'ieJ::"$. Vl~e left unmodulat ed. J\fte);'<);'ecording and playback on the 
discriminated by the broad-band/discriminators and 

Sony the resulting multiplex signals were;{played out on the Oscillomink at 

a paper speed of 25 mm/sec. The modulated channel was played out at a 

sensitivity of 125 mv/mm, the compensation channel at 50 mv/mm, and the 

unmodulated data channels at 5 mv/mm. These tests (Figure-7) illustrate ~he 

frequency response of the system as well as crosstalk between channels. 

For frequencies of 150 hz and less; crosstalk is generally low. The most 

serious case is contamination of channel 1 by channel 2 at frequenc~es of 

150 hz and up. 

d. Effectiveness of compensation 

A 2 hz square wave at modulation levels of 0 db (100%) to - 60 db (0.1%) 

was impressed on the 4 data channel modulators and recorded on the Sony. 

On playback through the broad-band discriminators onto the oscillomink at 

a paper speed of 10 mm/sec, sections of record with compensation and without 

compensation were obtained for each modulation level (Figure 8a, 8b). 

Without compensation the noise level ranged from about - 20 db on channel 4 

to - 30 db on channell. With compensation, the noise level was about 

- 40 db on all channels. 

The experiment was repeated with ~e channel 4 subcarrier deleted 

(Figure 8c). Results were similar to those above, except for a small 

reduction in the "compensated" noise levels on the remaining channels. 

e. Channel usage, and elimination of channels. 

Because of its somewhat higher noise level and greater susceptibility 

to crosstalk, channel 1 should be reserved for timing signals recorded at 

high modulation levels (25% to 75%). If fewer than 3 data channels are re-

quired, elimination of channel 4 diminishes the noise levels on channels 2 

and 3 by a small amount. 
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IV.. Hybrtd sys.tem employtng the P.L 5100 S-day tape recorder 

a. P '. L SlOO tape recorder! test modulators f and playback system 

The P. I. 5100 tap(;; recorder is a low power portable 1/2 It machinE:' with 

stacked 14- reels. It \V'as originally set up to record 7 channels of FN 

data (84.4 hz center frequency, 40%. modulation) and to run for 10 days on 

a 14" reel of tape at 15/160 ips. The upper limit of data frequency was 

about 17 hz, and as operated by the Survey, the dynamic range of the re-

corder was jo db or somewhat less. The seismic system employing these 

recorders is being refurbished: 

(1) the tape is being speeded up t.o 15/80 ips (5 days/14" reel), 

(2) the FM channel center frequency is being quadrupled (337.5 hz), 

(3) the seismic amplifiers and modulators (originally part of the 

recorder) are being replaced by NCER· .. buil t low power electronics, 

(4) the upper limit of data frequencies will be about 50 hz or higher 

(5) the new system will run for 5 days on a 60 amp-hour car battery, 

(6) a multiplex timing/compensation channel is being used so that 

6 channels can be used for seismic data, 

(7) the dynamic range of the new system's FM channels will be about 

40 db. 

For the purpose of these tests to establish the applicability of FM 

subcarrier multiplex recording in the a.m. mode on the P. L 5100, the tape 

recorder heads were driven by the summing amplifier in the test VCO bank. 

A 9 K hz bias signal was added to the multiplex dat.a and compensation 

track subcarriers in the test veo bank stL'11ming amplifier, also. 

The test modulators used in these tests are the ones designated by 

on Ib hz, 408 hz. 544 hz. 680 hz. and 938 hz). 



The tapes were played back at 15/16 ips on the B & H37QQB reproduce 

machine and the multiplex signal recovered from the B & H direct reprodmce 

amplifiers was fed to the broad-band discriminator bank for playout. 

b. Bias and modulation level tests 

In AM recording the "data" signal to be recorded is added to a much higher 

frequency, larger amplitude, bias signal to suppress effects of hysteresis 

that are encountered in recording on magnetic tape. The quality of the 

signal that can be recovered from tape is critically dependent on the am

plitude levels of the bias and data signals. Accordingly, a series of 

tests was carried out with the P.I. 5100 operating at a tape speed of 

15/80 ips to determine optimum values for the bias and data signal am-

plitude levels. 

The DC resistance of the recording head is about 10 ohms, and a 10 ohm 

head current monitoring resistor was placed in series with the head. The 

head and head current monitoring resistor were driven by the summing amplifier 

in the test modulator bank, which has an output resistance of about 600 ohms. 

A 9 K hz sine wave bias signal was provided by a signal generator with 

adjustable output level and was combined with the multiplex signal in the 

test modulator bank summing amplifier. Adjustment of the summing amplifier 

gain thus affected both the multiplexed data/compensation and bias signal 

levels; and the ratio of the multiplexed data/compensation signal and the bias 

signal could be controlled independently by the bias signal generator output 

level. The bias and multiplexed data/compensation signals were measured as 

voltages at the output of the summing amplifier that drove the head and its 

10 ohm series resistor. 
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Tests were carried out for dat.a/compenscrtion signal to 

voltages of 7 5 mv., 10 mv, 12" 5 mv 15 mv, 17" 5mv f 20 IlIV, and 30 mv 

each recorded with bid.s signal to peak voltages of 0.9 V, 1.1 V f 1.2.5 V 

1,4 V and 1.6 V. Results from the tests at data/compensation signal levels 

of 12.5 nw and 15 mv were clearly superior to those with higher and lower 

values of this parameter. The effect of varying the bi.as signal level for 

these two values of data/compensation signal level is shown in Figure 9" 

The best results (Figure 9b) were a data/compE.msation signal level of 15 mv and 

a bias signal level of L 25 V" 'rhese values were adopted for further tests. 

of the system. 

Because head current is a function of frequency as well as voltage, 

it would have been better t.o monit.or the bias and data/compcmsation 

head currents by monitoring voltages across the 10 ohm resistor in 

series with the head rather than by monitoring the voltages at the output 

of the head driver amplifier. 

To evaluate the effectiveness and frequency dependence of subtractive 

compensation in the hybrid system, an appropriately modulated tape was 

.recorded (at 15/80 ips) on the P.I. 5100, played back (at 15/16 ips) on the 

B & H 3700B, discriminated by the broad--,band disc.riminat.ors with compen~ 

sation, a.nd played out on the oscil1omink at a paper speE.~d of 100 mm/sec. 

The recorded signal consisted of a 1 hz to 50 hz swept frequency sine wave 

imposed in t,he proportional deviation modulation mode on the 5 reduced 

frequ.E.mcy channels (4 da·ta and 1 compensation reduced frequency veo' s) . 

The results of the t:est are shown in Figure 10: the upper 4 traoes are the 

data channels played out at a sensitivity of 12.5 mv/rnm, the 

5th trace is the compens<'l.tion channel at 50 mv/rum, and the bottom trace 
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is the out~ut of an uncom~ensated FM channel modulated in the same manner 

as the compensation channel and played out through a 125 hz (25 hz data 

frequency} Krohn-Rite filter at a sensitivity of 50 mv/mm. 

In this test subtractive compensation is acting to eliminate noise 

produced by real tape speed variations as well as the simulated tape 

speed variations generated by the proportional deviation mode modulation. 

On data channel 1 the synthetic tape speed variation signal was re

duced by at least 19 db from 1 hz to 30 hz. On channel 2 the reduction was 

at least 19 db at frequencies of 20 hz and less and 16 db at 30 hz. Channel 3 

showed the poorest results: the reduction was at least 19 db at frequencies 

of 10 hz and less but decreased to 15 db at 20 hz and 13 db at 30 hz. On 

channel 4, the reduction of the synthetic tape speed variation signal was great

er than 20 db from 1 hz to 30 hz. 

d. FM channel output noise level versus output filter cutoff frequency 

To permit comparison of signals recovered from the compensated multi

plexed data channels with that available from the "new standard" 5-day 

tape system FM data channels, one FM channel was modulated directly at the 

same level and by the same signal as the multiplexed channels. On playback, 

the output of the FM channel was passed through an adjustable low pass 

filter (Krohn-Hite) before recording on the Oscillomink. In Figure 11 

the multiplexed and the FM channels are compared for a number of FM channel 

low-pass filter; settings The signal recorded on all channels was a 1/2 hz 

square wave at the - 30 db modulation level. The Krohn-Hite filter settings 

and the corresponding data cutoff frequencies are indicated above (K-H) and 

below (data) the portions of the FM channel playback to which they apply_ 

The output noise level increases with increasing cutoff frequency, but it 

it is relatively constant, and about equal to the noise on the multiplexed 
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channels, between data cutoff f:r:-equencies of 25 and 4Q hz. :Por this 

range of cutoff frequencies, the output noise cn the :PM channel is about 

40 db below the output for full modulation. 

e. Noise (dynamic rang(~) tests of the hybrid system 

To evaluate the dynamic range of the hybrid system, 1/2 hz square waves 

at modulation levels of - 20 db (1096), - 30 db, - 40 db, and - 50 db (0.32'1» were 

recorded on the P. L 5100, played back on the B & H 3700B t~hrough the broad-

band discriminators, with compensation, and played out on the oscillomink 

recorder at a paper speed of 25 mm/sec. Examination of Figure 12a, which 

illustrates these ·tests, shows that thE' noise level is about 50 db below full 

modulation on all channels. Deletion of channel 4 (turning off its subcarrier) 

leads to a small reduction of noise on the other channels, particularly 

channels 2 and 3. 

f. Hybrid system frequency response 

To illustrate the frequency response of the hybrid system and to explore 

the dependence of signal to noise ratio on frequency, I hz to 40 hz swept fre

quency sine waves at modulation levels of 100%, 32%, and 3.2% were recorded and 

played back through the system (Figures 13a, b, cJ. The data cutoff fre

quency for the FM channel on Figure 13b and Figure 13c was 25 hz. 

The relative response of the multiplex data channels is approximately 

as follows; 

1 hz '~.1"' 100%, 5 hz "";i' 99%, 10 hz ~;,;. 90%, 20 hz ".,.~ 70 s'5, 

30 hz ~ 45'1;, 50 hz ~~-~ 10%" 

g. Crosstalk in the hybrid 

of 0.5 hz and 5 hz squarE.' waves a.nd a :1. hz to 100 hz 
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of the 4 multivlex data channels in turn while all other channels were 

left unmodulated. Playbacks of thes~ tests are shown in Figure 14. 

For sine wave modulation, crosstalk is minimal. Crosstalk on adjacent 

channels caused by square wave modulation ranged from about 40 mv to 120 mv 

peak to peak, i.e., from about - 40 db to about - 30 db relative to full 

modulation. 

h. Compensation effectiveness in the hybrid system 

To illustrate the effectiveness of compensation in removing noise 

generated by tape speed variation in the hybrid system, 1/2 hz square wave 

signals at modulation levels of - 40 db and - 50 db were recorded on all 4 

multiplex data channels and on the FM channel (with a 25 hz data cutoff 

frequency). On playback, the multiplexed signals were played out both 

with compensation and without compensation at Oscillomink paper speeds of 

25 rom/sec and 100 rom/sec (Figure 15). From these tests it is evident that 

compensation has reduced the noise on the multiplex channels approximately 

as follows: channell -+ 7 db, channel 2 ..., 10 db, channel 3...,. 11 db, channel 

4 ~ 13 db. 

The noise level on the FM channel with the 25 hz data cutoff frequency is 

very slightly lower than that on channels 2 and 3, and noticeably lower 

(perhaps 3 db) than that on channels 1 and 4. 

i. Deletion of channels 

Because of its greater susceptibility to crosstalk and somewhat elevated 

noise level, channell should be devoted to timing signals recorded at 

moderately high modulation levels le.g., 25 to 75%). 

The noise level on channel 4 is also somewhat higher than on channels 2 and 

3; so channel 4 should be the first to be deleted if fewer than 3 data channels 

per tr~k are required. 

17 



Figure captions to:r; "Notes on a Brqad..-band Va:r;iant of the NCER seismic Data 

Multiplex System for Use with Field Tape Reco:r;ders 

Figure la channel layout of: 1) the standard NCER seismic multiplex system, 

2) the broad-band variant of the NCER seismic multiplex system, and 

3} the five-day-tape system adapt ion of the broad-band multiplex system. 

The last system is speeded up 5 times on playback so that it corres

ponds in subcarrier frequencies and deviations to the broad-band system. 

Figure lb Test VCO bank schematic for broad-band multiplex systems. Provides 

individual or multiplexed subcarriers of data and compensation channels. 

Modulation is d.c. coupled and can be in the form of either equal deviation 

of all subcarriers or deviation of each subcarrier in the same proportion 

of its center frequency. VCO bank is used to se.t up and test discrimin

ators, including setting compensation input levels, and to test overall 

performance of the tape recording/tape reproducing system. 
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Figure 2 Cam~ensation ys trequency test ot the broad-hand ~odulator/dis-

criminator combination. Ta~e speed variation was simulated by 

deviating each carrier by an amount ~ro~ortional to its center 

frequency. For the - 10 db modulation level employed here, the 

deviation of channel i is given by 
F . 

Cl. OFci = + .316 x 200 x 3125 hz, which corresponds to a tape speed 

variation of + 2%. 

The upper four traces show the compensated signals from channels 

1 through 4 (at a sensitivity of 5 mv/mm) and the 5th trace shows the 

output of the compensation discriminator (at a sensitivity of 125 mv/mm). 

The impressed signal (visible on the compensation channel) consisted of 

a 10 hz square wave and a 10 to 300 hz swept frequency sine wave. 

/ 
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Figure 3 Noise Cand dynamic range} test.s of the broad-band modulator/discriminator 

combination. A. 2 hz square wave at modulation levels of a db (100%) 

- 10 db, - 20 db, tIt. - 60 db (O.H;) was imposed on the dati"- cha.nnel 

modulators, detected by the discriminators, and played out on the Siemens 

Oscillomink.. Removal of the compensation discriminator (but not the 

reference carrier) decreases the low-level noise on channels (1) and (2), 

as is shown in the 3rd strip from the right side of the figure. Playback 

of the - 60 db modulation level at higher gain and higher speed with and 

without the compensation discriminator in operation as shown in the 

last two strips on the right, shows the noise to consist of regular 

sine waves with frequencies and levels of about 145 hz at - 50 db on channel 1 

and 195 hz at - 60 db on channel 2. 

Sensitivities at the various Oscillomink settings are: 

2.5 125 mv/rom, 1. 0····7' 50 mv/rom, .25 12.5 mv/rom, .10 5 mv/rom 
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Figul',"e 4 Fl;"equency ;cesponse of the broad-hand modulatol',"/discriminatol;" com~ 

bination demonstrated for various modulation levels, The outputs 

of all four data channel discriminators and of the reference channel 

(unrnodulated) discriminator are shown. The Osci1lomink sensitivities 

for the settings used were: 

2.5 .. ·". 125 mv/mm; 1.0~-~;· 50 mv/mm;"25~'~ 12.5 mv/mm; 

• 10 ,0_;;> 5 mv /mm 

a. Modulation level 0 db (100%) 

b. Modulation level - 20 db (10%) 

c. Modulation level.~40 db (1%) 

Note the amplitude modulation of the channel (1) signal at 200hz 

resulting from the noise (at about 145 and 196 hz, respectively) 

introduced to these channels through the compensation discriminator. 

d. Modulation level - 40 db (1%), but with compensation 

discriminator removed. Note the disappearance of the "beat" 

phenomenon described in "c", above. 
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Figure 5 Crosstalk tests of the broad-band modulator/discriminator combination. 

On each test one data channel was modulated at the 0 db level (100%) 

by 1 hz and 10 hz square waves and by a 10 hz to 300 hz swept frequency 

sine wave. The discriminator output of the modulated channel was 

recorded on the Oscillomink at a sensitivity of 125 mv/rnrn and the 

outputs of the other data channels and the compensation channel (all 

unmodulated) were recorded at a sensitivity of 5 mv/rnrn. 

a. channel 1 modulated 100% 

b. channel 2 modulated 100% 

c. channel 3 modulated 100% 

d. channel 4 modulated 100% 
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figure 6 No:j..,se (and dynamic range) tests of the broad,,-band multiplex system 

recorded and played back on the Sony cassette recorder with the use 

of subtractive compensation, A 2 hz square wave at modulation levels of 

o db (100%), -10 db, - 20 db,'" 60 db (0, H;) was imposed on the 

4 data channel modulators, and the multiplexed subcarriers were re

corded on the Sony recorder. The multiplexed subca.rriers were then 

played back on the Sony f detect.ed by the broad-band discriminators 

using subtractive compensation, and recorded on the OscillominL The 

sensit.ivity settings are indicated on the figure: 2.5 ._.,:,., 125 mv/mm, 

1. 0 w',)<' 50 mv/mm, .25 12.5 mv/mm, and .10 .,.::;;.. 5 mv/mm. Compare these tests 

with those for the modulator/discriminator combination (omitting tape 

record and playback, shown in Figure 3.) 

a. All for data channels 

b. Channels 1 through 3 (4 deleted) 
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;Figure. 7 crosstalk testa of the broad-band multiplex system recorded and 

played back on the Sony cassette tape recorder... On each te.st one 

data channel was modulated at the 0 db (100%) level by a 10 hz square 

wave and by a 10 to 300 hz swept frequency sine wave, and the other 

data channels and compensation channel were unmodulated. The modu

lated channel was recorded on the Oscillomink at a setting of 2.5 

(l25 mv/mm);the compensation channel, at a setting of 1.0 (50 mv/mm); 

and the unmodulated data channels, at a setting of 0.10 (5 mv/mm). 

Compare these results with those shown in Figure 5 for the modulator/ 

discriminator combination without tape recoring and playback. 

a. Channel 1 modulated 100% 

b. Channel 2 modulated 100% 

c. Channel 3 modulated 100% 

d. Channel 4 modulated 100% 
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Figure 8 Compensatj.on effectiveness tests for the broad-band multiplex system 

recorded and played back on the Sony cassette recorder. A 2 hz 

square wave at modulation levels from 0 db (lOO!?;;) to - 60 db (0.1%) was 

imposed on the modulat.ors, recorded and played back on the tape recorder, 

detected by the broad-band discriminators, and played out on the 

Oscillomink. Sensitivities cocorresponding to the various Oscillomink 

st~ttings are: 2.5 .,l'" 125 mv/mm, 1. 0··::;' 50 mv/mm, . 25···'k~ 12.5 mv/mm, 

and 0.1 5 mv/mm. At each modulation level the playback was carried 

out bot.h with and without compensation. 

a. All four channels, played out at relatively low Oscillomink 

sensitivities, 

b. all four channels, played out at relatively high Oscillomink 

sensitivities, 

c. channels 1 through 3 (channel 4 deleted) played out at 

relatively high oscillomink sensitivities. 
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Figure 9 Bi,as and "modulation It; level tests on the S.;-day",tape system adaptation 

of the. broad-bandmultiplex system, The top trace is from a time 

code generator. Traces 2 through 5 are playouts of data channels 

1 through 4, which were modulated by a 1/2 hz square wave at the 

- 40 db level. Trace 6 is the output of the compensation discriminator. 

(Traces 2 through 6 were derived from a multiplexed signal recorded on 

a single tape track). Trace 7 is the output of an FM data track 

(center frequency 338 hz, maximum deviation + 40%) which was modulated 

by the same 1/2 hz square wave at the - 40 db level and was played out 

through a 125 hz high-cut Krohn-Hite filter. 

a. Multiplex data signal* at a level of 12.5 mv peak to peak and 

bias signal* at 0.9 V, 1.1 V, 1.25 V, 1.4 V, and 1.6 V (from 

left to right). 

b. Multiplex data signal* at a level or 15.0 mv peak to peak and 

bias signal* at a level of 0.9 V, 1.1 V, 1.25 V, 1.4 V, and 1.6 V 

(from left to right). 

oscillomink sensitivity settings of 2.5 and 0.25 correspond to 

sensitivities of 125 mv/mm and 12.5 mv/mm, respectively. 

* Measured at the output of the summing amplifier (in which the bias and modu
lation signals are combined) which drives the recording head in series with 
a 10 ohm resistance. 
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Figu;r;-e 10 CQJnl?enaa,ti:on test on the 5.-da,y~ta,l?e system a,dapta,tion of the broad~band 

multiplex system. A 1 hz to 50 hz swept""frequency sine wave at the 

- 10 db level was applied as a uproportional!\ "modulation to the data 

channels and the compensation channel. The deviation produced by this 
F . 

arrangement is OFci +_ .316 x 40 x 6~~ hz, corresponding to a tape 

speed variation of about + 2%. The frequencies indicated on the FM 

trace (uncompensated) correspond to recorded data frequencies. 

Oscillomink settings of 1.0. and 0.25 correspond to sensitivities of 

50 mv/mm and 12.5 mv/mm, respectively. 
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Figure 11 E!~ect o~ output filter cutoff ~requency on the output noise level of the 

5-day-tape F.M, record channels. A 1/2 hz square wave at a modulation 

level of ""' 30 db (3.2%1 was recorded on all four multiplex channels 

and on a separately recorded F.M. channel. On playback (at 5 times 

recording speed) a Krohn-Hite variable high cut filter was connected 

between the output of the F.M. channel and the Oscillomink. The F.M. 

signal was played out at a variety of high cut filter settings 

(cutoff rate of 42 db/octave, which are indicated above the F.M. 

channel trace. The corresponding data cutoff frequencies are in

dicated below the trace. 
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Figure 12 Nois.e (dynalllic rangel tests of the 5.-.daY""tape system ada,ptation of 

the broad ..... hand multiplex system. A 1/2 hz square wave at modulation levels 

of - 20 db aO%l, - 30 db, - 40 db, and - 50 db (0.32%}was imposed on 

the data channel modulators and recorded at a speed of 15/80 ips on the 

P.I. 5100 tape recorders. The tape was played back at 15/16 ips on the 

B & H 3700B reproduce machine and detected by the broad-band discriminators, 

with compensation. oscillomink settings of 2.5 and 0.25 correspond to 

sensitivities of 125 mv/rom and 12.5 mv/rom, respectively. 

a. All four data channels 

b. Channels 1 through 3 (4 deleted on recording) 
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:E'i<;3'ure13 :E're.quency' res}?onse tests of the 5~aY""'tape system adaptation of the 

broad-band multiplex system. AIm to lOa hz swept""frequency sine 

wave at modulation levels of 0 db (100%}, - 10 db, and - 30 db (3.2%) 

was applied to the modulators of the multiplex system on all three tests 

and to the modulator of the straight F.M. system recorded on a separate 

tape track on the last two tests. The frequencies indicated on 

the playback refer to data frequencies at record time. Because the 

playback was carried out at 5 times recording speed, the discriminators 

saw frequencies at 5 times their "record time" values. 

a. 0 db modulation (100%) 

b. - 10 db modulation (32%) 

c. - 30 db modulation (3.2%) 

As on earlier figures, Oscillomink sensitivities were: 2.5 ~ 125 mv/rnrn. 

1.0 -?> 50 mv/rnrn, .25...".. 12.5 mv/rnrn. For the F.M. traces on band c, a 

high-cut filter of 125 hz (25 hz data frequency) was used to permit 

more accurate comparison with the multiplexed traces. 
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Figure. 14 . Cross.talk. tests on the 5.-daY""tape system adaptation ot the broad··band 

multiplex system. Compare with Figure 5 OrIodulator/discriminator 

combinationl and Figure 7 (Sony cassette recorderl. On each test 

one data channel was modulated at the 0 db level (100%) by 0.5 and 5 hz 

square waves and by a 5 to 100 hz swept frequency sine wave while the 

other data,channels and the compensation channel were left unmodulated. 

Oscillomink settings of 2.5 and .25 correspond to sensitivities of 

125 mv/mm and 12.5 mv/mm, respectively. 

a. Channel 1 modulated at 100% level. 

b. Channel 2 modulated at 100% level. 

c. Channel 3 modulated at 100% level. 

d. Channel 4 modulated at 100% level. 
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Figure 15. Test of the. effectiveness of subtractive compensation w.:Lth the 

5-day-tape system adaptation of the broad~band multiplex system. 

1/2 hz square waves .recorded on a.l1 4 multiplex data channels and 

on the separate F .11'1. channel were played back with and "lithout 

compensation at Oscillomink paper speeds of 25 nun/sec and 100 nun/sec. 

Oscillomink settings of 2.5 and 0.25 correspond to sensitivities of 

125 mv/nun and 12.5 mv/nun, respectively. 

a.. - 40 db (1%) modulation level. 

b. - 50 db (0.32%) modulation level. 
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