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INTRODUCTION
The object of this report is to present the approach to, mechanics
of, and progress to date of performing phase calibrations of the measure-
ment systems used to acquire radiated noise signals for the *‘acoustic signal

processing research program.* -

Background

For better understanding of the method of establishing these relation-
ships, let us review the project briefly. Two listening stations were equipped
and manned at sea. Waterborne sound, emitting from a single source,was
detected by hydrophones of both measurement stations, amplified, and recorded.
The recorded signals are to be subjected to a type of analysis that requires
knowledge of phase relationships between signals arriving at all hydrophones

'on both ships at any instant. Signals are recorded on two tape transports, one
on each listening ship. Tape speed is 30 ips throughout,

The two ships involved are MONOB, where four hydrophones were
monitored, and the USS LITTLEHALES (AGSS), where three hydrophones were
used.

In general, the quantities measured by the phase calibration technique
described herein will, in each case, be the sum of the phase shift and delay

time. This quantity will hereafter be referred to as the apparent phase shift.
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Consider a magnetic tape record of data taken simultaneously from
several hydrophones located on each of two listening ships. The data is
necessarily recorded on two multi-channel tape transports. Time reference
signals are also simultaneously recorded on additional channels of both tape
transports. The calibration of such a tape record then involves:

1. The determination of the relative tape positions of a given
instant in time, with respect to the time reference signals. These positions
will, in general, vary slightly from channel to channel on a tape transport.
Thus, the time-shift of each channel with respect to the reference channel must
be established on both tape transports.

2. The determination of the amplitude responses of each of the data
channels with respect to frequency.

3. The determination of the phase responses of each of the data
channels with respect to frequency.

The following criterion has been used to differentiate between phase
shift and time shift:

Time shift changes the position of an input waveform with respect
to the timing signal, and phase shift changes the shape of the input waveform.
Thus, determination (1) above will produce quantities that should be applied
in the time coordination and a quantity of time shift related to interchannel
characteristics which is referred to as delay time. This delay time and the
results of (2) and (3) above would be used in the processing of the data signals
to effectively reduce them to electrical equivalents of the original waterborne

acoustic signals.




GENERAL CONSIDERATIONS

General Approach

The problem is to determine the phase relationship between an

acoustic wave impinging upon a hydrophone and the resulting signal as
reproduced from tape storage. This determination may be broken down into

several parts as follows:

G P ¥ Py

where
@ = the phase relationship to be determined,

¢ = the phase response of the hydrophone to incoming

-

acoustic signals,

d = the cumulative phase response of the instrumentation
TE

o g

between the hydrophone transducer output and the
tape recarder input, and ~
f,tvr = the phase response of the specific channel of the r
tape recorder-reproducer.

1. Hydrophone (¢

Ry 10 W -

Measurement of phase response of hydrophones will be carried out

by the U.S. Navy Underwater Sound Reference Laboratory, Orlando, Florida.




Both <W and impulse techniques are being considered. Specific calibration
procedures will be developed after consideration with other team members

and with the Underwater Sound Reference Laboratory.

2. Instrumentation [ dc)

For this measurement, sine waves were inserted into the hydrophone
calibration circuits and the outputs of the subsequent instrumentation recorded
on tape along with a reference signal. This is repeated for a series of
frequencies over the spectrum of interest. The signals were then reproduced
and the time delays and phase shifts were measured with respect to the
reference signal channel. By separate measurements of the phase responses
and time delays of the tape transport data channels with respect to an FM
reference channel, tape recorder effects are removed from the above measure-

ments.

3. Tape Recorder (4

Measurement of phase responses and the time delays between channels
of each tape recorder were made as follows:

The output of an audio oscillator was paralleled into all inputs.
Successive frequencies covering the spectrum of interest were recorded. The
phase response and time delays were measured W th respect to a reference
channel. In order to estimate absolute phase shift, two basic assumptions are
made. First, that the phase shift of the FM recording channels approximate

zero for low frequencies and, second, that the phase shift of the direct
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recording channels approximates zero at the midpoint of its amplitude response
pass band. With these two assumptions, and a measurement of phase relations
between channels, the measured values can be extrapolated to an estimated
absolute phase response curve for a given channel within an accuracy of 5" .
The apparent phase shift for each data channel was measured separately.

Since the record and reproduce electronics are similar for these
channels, the phase difference should be small throughout the useful frequency
range. It was found that the apparent phase shift increased as a function of
frequency. The linear portion of this increase is related to a constant time

delay. 1If the phase shift is totally due to a time delay, the apparent phase shift

may be written as

4}: fﬁ_):"t—" 46{’

where

¢ is the apparent phase shift,

At isthe time delay,

——

] is the period, and,

L= -;rL: is the irequency.
Therefore the apparent phase shift between the reference channel and each data
channel was plotted and a linear curve fitted to the data by the least squares
method. The calculated slope of this curve equals Aé‘ the delay time between
channels. The residuals from this curve is the phase shift related to the

electrical impedance of recording channels.




Phase Calibration of Electrical Systems

a. Measurement Requirements and Theory

It is required to measure phase shifts of signals of varying ampli-
tudes but the same frequency. To this end, a Beckman EPUT Meter is
employed. This instrument has two inputs, "B and"A'', both with adjustable
triggering levels. These levels can be set at any voltage, positive or negative,
over a range of about -1 vto + 1 v. The "B" input is used for all single signal
input functions such as per."B", EPUT, etc., while the "A" input is used
only in conjunction with ""B'"" for measurements such as per. B-A (time the
stop trigger lags the start trigger).

The requirements for a phase measurement are to measure the
phase shift of one signal relative to another with as high an accuracy as possible
over a frequency range from 5 cps to 10 kc. Before defining the operational
requirements, it is necessary to examine the actual measurement process
in detail. It is assumed:

a. The amplitudes of both signals can be varied

at will up to 20 v p-p,
b. One signal is not inverted with respect to the other,
c. Both triggering levels are set closeto 0 v ( < 1v),
d. Both inputs are set to trigger on positive going

signals.
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Consider the following signals:
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| is the reference signal
|-, is the phase-shifted signal
A. A, the amplitudes of £y
is the phase shift in radians
(positive for phase lead, negative for phase lag)
! . is the trigger voltage of input wp"
{  is the trigger time, input "B", for starting
. is the trigger voltage for input "A"

{ . is the trigger time, input A", for stopping
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The start and stop times are defined by the equations:

¢

To obtain ~ interms of i, A Ao 1 { we make

use of the relation, letting " ih Y :

Y = (- AT N ‘I>; = 5k XS 5
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/ x = = K ok

/ (e
Then, (1) i, = 7. since the start time is always in the

first quarter cycle ( L, < /. ),

Also, ) (1, + 5= p°" A -y & L +5 £ "%
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We may discard equation (3) because it implies that the stop time
occurs when is negative-going. To see this, we solve equation (3)

for

or

Then
but for the second equation
L0

Thus, the cosine term is negative over the region the equation is
defined, and the slope of the signal is negative. For equations (2) and (4),

however, the signal is positive-going and thus can trigger the stop mechanism,

Also, we cannot discard one or the other of equations (2) and (4) using the
intervals over which each is defined because - is as yet unknown, and for
any given . | thereexistsa ~ suchthat (. (. ‘. . falls within either

of the intervals shown. Thus, we have two possibilities:
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Subtracting (1) from (5) and (6) we have

Whence, calling - the phase leadof |  relativeto | |

—~

r-

Suppose the inputs are now reversed, so that E, goes into input

"B" while @ ; goes into input "A".




is now the start time, while f,,y is the stop time. We now have
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We now make the assumption that by making /), and A1 big and  zeroing

the trigger levels, we have
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Making this approxima tion, we then have
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The question now arises as to which equation to use to obtain

‘SI ., and 5., — . The answer is to be found in the operation of the

counter. The instrument obviously cannot distinguish between, say,

phase
lags of 90 or phase leads of 2700.

Therefore, it will be assumed that those
set of equations will be used that give the minimum phase angle unless

previous data indicates otherwise,

We now wish to take the average of the two measurements

L o
¢

and . -] to minimize the effect of systematic errors. We must take all

possible averages of the two measurements since we cannot say which of

equations (7), (8), or (9), (10) are valid. Therefore, denoting

= M, n T e (m L) B
T SR Sl
= 2%t e
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we have :
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It can immediately be seen that by making |/, and Vg small compared

to ﬂd ﬂl ; and adjusting A, as close to /\I in magnitude as possible,

= SRR )
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can be made very small compared to the rest of the expressions. We there-

the term

fore neglect it.

To obtain an estinate of the resulting error, we assume {',\' 2
(worst case). Then

('J;) 1 ‘f\b_'>< ~)—\U-— /I\‘ »': c Ua ( ﬁ}:ﬁ )
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We now estimate that /|, can be m g equal to } to within 2 db.
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Thus, —— s (0,26

Then

, > [.652 'm.lu\.u'
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It is interesting to compare this with the unaveraged case. In

that instance, we would be neglecting terms of the form

3\

Ve _ Va
Fo A1
In this case, assuming
fi /\1
E.g y !‘ : -l— kz/}} :‘) ) : ‘,"r \
As Ay T A fig
The uncertainty in setting - PR T (to minimize error) is about 0.2 v,
and assuming /) P L0
e A ’ ;‘ A A ,{\ At §
A At ..

under the most favorable conditions.

Thus, the averaging allows us to minimize error by making A. = /) 7 rather
than the much more difficult task of making /.- /1} and then Uy l‘B
Assuming that the triggering levels have been zeroed and the input

amplitudes A and 'l}I made as big and as close to equal as possible, we

\ —

can neglect the term (Vy ) I & ) in the equations for
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We then obtain three independent equations for
= e e
5“"3L~‘v\‘r¢"')l )
- I ~ ( ~- g S
C\J = 'E: LZ."'Y“A' (\ J o ‘\)J (radjam)
- i S
S = 'l; \‘2774‘N\r1“f|)j
l Since the period T of the input signals is measured rather than (o
o &n
we have - =
-f— // r,\ h/L -‘V'I ‘ ’]
s iiBe’) | s
T J
= 7 S i =)
C = {180 [ jf_ﬁ A ) J (degrees)
< \ T
C = (1%0° -T+<T1-”!) ’
g e e .——7:‘ pesse se J

Any of these equations is valid; the one should be used that gives the smallest

phase angle unless previous data indicates otherwise.

b. Error Sources and Magnitudes in Phase Measurement

The errors in phase measurement are of two types, systematic and
random. Systematic errors arise from (a) errors insetting the triggering
levels and signal amplitudes, and (b) phase shifts in the measuring equipment.
d Random errors include (a) errors in the EPUT counter, (b) random changes
in the triggering levels, (c) small changes in the input signal frequency, and
(d) noise on the input signals. We will consider these separately, and then

make an estimate of the overall error.




1. Systematic Errors

(a) Triggering Levels - This has been discussed in the section
under a. Measurement Requirements and Theory." It was found that the
maximum phase error with the tf‘iggerlng levels zeroed and the input ampli-
tudes equal and large was /A o .

(b) Phase Shifts in Measuring Equipment - This is hard to
estimate, but with careful selection of components, t he phase shifts over the
frequency range of interest (5 cps to 10 kc) can be cut to a minimum, In
addition, it is recommended that a phase calibration of the measuring equip-

ment be made to supply any corrections that may be needed.

2. Random Errors

(a) EPUT Counter - The counter in the Beckman EPUT Meter
has an intrinsic error of ¥ 1 count. This affects both T and T, meas-
urements. It should be noted here that for signals up to 1 ke, the period is

measured,while from 1 kc upwards, the frequency ( E /T ) is measured.

The counter has provision to measure (period x 10) or ( E/.'fT X0 ) so
that the maximum period or frequency measurement error is one part in 104. |

Analytically, we have

and

L
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C
]
~
\
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or

For time difference measurements, there is no x 10 multiplier. Thus

These errors are thus dependent on the frequency of the input signals.
(b) Random Changes in U and ., - The "start" and "stop"
Schmitt triggers in the Beckman counter have a random triggering level shift

of about 0.1 v. This should have no real effect if /1, - At anr A Uy g €< A, 1

“)

Thus,
:J x, A ‘¥ - el \'V
(c) Signal Frequency Changes - The Hewlett-Packard oscillator
to be used has a random frequency variation of two parts in 104. Thus
- ~ :‘ 1y
AF =10 " F
or

AT =" T

(d) Noise on the Input Signals - It is anticipated that there may be
a considerable amount of noise on the phase-shifted signal. Some of this will
be in the form of 60-cycle pick-up and some broadband random noise will be

present. To minimize this, two RM-122 high-impedance Tektronix amplifiers




have been selected to use for amplitude control. These amplifiers have a
high and low pass filter (adjustable) which can filter out most of the noise.
1f these filters are set so that the signal frequency of interest is in the center
ol the pass band, the phase shift through each amplifier should be zero. Even
if it is not, since both signals pass through the same type amplifier, the phase
shifts for each should be the same; thus, the relative phase shift should
remain unchanged. 1Tt is thus desirable to perform a phase calibration on both
amplifiers with various cut-off frequencies set in.

It is extremely difficult to estimate, quantitatively. the error due
to noise. The following is an order-of-magnitude approximation.

We assume that the greatest portion of the noise lies at frequencies

much higher (say ten times) than the signal frequency.

= A

— —f moar |- -
\\ / M
y S
/ r |
/ ]
y
| >
i oo ! i
' SIS
If the signal is ! i, cve 1,27 s the uncertainty in

trigger time, ,, is the noise voltage (peak t) peak). and , the triggering

voltage, then we consider the noise to lie ina band | as shown above.

19
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If "VA is set near zero the following equation applies:

7
“n
AL~ ' Tiv e Y ey, -~ £ AR i
2p< : noise eénvel ,/C'__ J' o
‘ Exo AT

but

We assume T»l > 0 , 8o that

and
/‘ E " \
B
At TE
Then
U,
A Py % "
At
or “
, Un
iz 5
or £ T A
7 o \
Al '\“;_(.. ] =
ES A

The term on the left is the phase error in radians. Thus we see that the
phase error is about equal to the reciprocal of the signal-to-noise ratio.
In addition to the above, there are two other sources of noise to

be considered in certain cases. First, for the phase calibration of a system

20
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with hydro phone attached, low frequency acoustical noise is picked up by the

system. This can be minimized by isolating the hydrophones as much as

possible from the acoustical noise environment.

Secondly, for the phase calibration of a system in which both the

phase reference signal and the phase-shifted signal are outputs of a tape

transport, flutter and wow are present.

The random fluctuations in phase due to these noise sources are

hard to estimate. In the case where it is felt that these sources predominate,

the error is estimated by taking several readings of T (o L'), g e

These readings are averaged, and the standard deviation of the mean is

calculated. The error in ‘T»‘, , (say), would then become

-

{

where

TL is the averaged |,

‘T, is the mean squared 5

y
—

/V  is the number of readings,

3. Total Error

The total error due to several "andom errors is given by

A("K/)‘ ) F/)\\)z@’( +/ ’J+K~l\

e /

and

(&L, z)

-~
.-"

where L ( X,Y, 7) is the variable whose error /| [, we wish to find. &% | AY,
/

and A 2 are the random errors in the independent variables on which F
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The following relationships hold for all three equations above:

Y -

8 A
S =~ e
) T/
sl L
J )
)_,: 1\/4«
- I

When two rando;nle‘rrors contribute to a total error, the total error is the
square root of the sum of the squares of the contributing errors. We divide
the error into two parts, one below 1 kc and the other above 1 kc for the

error introduced by the counter. Then,

£ I N %(ZT\: TR //“\}1 lad j A
,L R
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It can be seen that the above expressions depend on both the phase and the

period of the input signal. Simplifying, we obtain d




; Let us consider the case for each of the above equations where f-: is one 1
i kilocycle and ’TL 277, . Since neither |: nor I can be greater !
1 than |, this means that ;
1 |
—— |
j = My S S (worst case) '
Then 2 O - 4
% - T T ) . i 5 Y =B E ] :
1 e H } ¢ )J -+ </ /,(“'\ / S - X/ |
i 7 e TP {
(O £ J 4
g E . X =1z | b;—' H 4 ‘(:vvv'} f*_}l,’;\:‘
T I = L -
v
and o ! ;
- N A . % jp 6| ) ¢
A5 o I‘_,_{A"UJ I RN R S |
e lg=? l T L j 4
P & P, . -3 PPN
e [ZX/O j £ Z 4yt ‘/‘""‘*'
— /0 ..3
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For very low frequencies tle ( |l ) term will predominate, and

A= Nx 0" vadians

For the highest frequency in question, 10 kilocycles, |

H.4x )U~£ ."}.J!..in_,.

1

1 7 AL WT' / = C ‘
] N ) "i x 1y )
1 I |
or 2.3 degrees. '

The maximum total aggregate error due to both systematic and random errors

is then

! ¢ ) ; ,'\ { "2 ; 3 it / & ‘ i
'\A vV //I ; .\ - l L \ » L > + (b' ) J

= 3. 8 degrees.




Phase Measurements

From an operational point of view the phase calibration can be
divided 1nto two parts, i.e., recording and measurement. Thea dvantage of
this division is that the recording takes relatively little time and can be per-
forved during or inmediately before or after sea trials. The necessary
response data are thus preserved for detailed nieasurement at a later date.

It is the purpose of this section to describe the apparatus and
procedure developed for the phase response neasurenments required by the
project.

Figure 1 1s a block diagram of the measurenent circuit. The
output fron a sime-wave oscillator passes into an unknown electronic circuit
whose phase response 1s to be deterniined.  The phase of the output of this
circutt 1s then neasured with respect to the oscillator output.  The unknown
electronie circwt will, in general, have a gain or loss associated with it.
To conpensate for this, @ 4 db step attenuator and an amplifier are placed
in series with the output of the unknown circuit, as well as with that of the
oscillator.,  With these devices it 1s possible to adjust the voltage outputs to
be within 2 db ol each other.

The unknown electronme circwt output may be inverted in polarity

with respect to the reference signal.  The ne asurement circuit is, therefore,

equipped with a polarity reversing switch, : , 50 that one of the outputs
may be inverted.,

These outputs then ;o to the “start' and "stop' trigpers of a

Becknan=-Berkeley counter,  With both triggers set at zero volts, the counter

R L R

BEAp = s it
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will start when the phase of the reference voltage is zero, and will stop when

the phase of the unknown systemn: output is zero.

Since the two attenuator-aniplifier circuits, "A" and "B'", are nade
up of similar components, any phase shift introduced by one will be similar
to that introduced by the other, and these should cancel. The nethod allows
for removal of any residual phase shift in these circuits, as well as
inaccuracies in setting of the counter trigger level. This ne thod involves
first, sending the reference signal through circuit "B, the starting trigger
circuit, and the shifted signal through the stopping trigger circuit "A", and
measuring the resulting time shift. The switch >/ is then thrown, which

sends the shifted signal through circuit "B and the reference signal through

circuit "A' The time shift is again nieasured. The period of the reference
signal is aiso measured, and from these quantities the phase shift may be
calculated.
The following is a step-by-step description of the phase neasurenent
procedure.
1. Turn on the circuit. Allow a S-minute warn:-up period.
2. Insert the signal from the oscillator into the unknown
component, Connect the output from the unknown to
"Input A" of Preaniplifier No. 1. Connect the oscillator
output to "Input B" of this preanplifier also.
3. Set the preanmplifier frequency response switches at 0.2 cps
low cutoff and 40 k¢ high cutoff.

Note: This setting should be used for the lowest frequencies

‘.
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4,

5.

6.

to be measured. For higher frequencies it may be
desirable to eliminate low-frequency noise by setting

the low cutoff at some higher value., Be sure that both
preamplifiers are set for the same cutoff frequencies

so that phase characteristics are matched.

Adjust the counter starting trigger level to zero. With

the reference signal feeding into counter input "B,

adjust the trigger level until the counter starts. Decrease
the reference signal voltage and continue adjusting the
trigger level such that it starts the counter. Continue

this procedure until the voltage into the trigger is about

0. 3 v peak-to-peak--the threshold sensitivity of the trigger.

The starting trigger level is now set as close to zero as
possible.

Adjust the counter stopping trigger level to zero. With
the unknown signal feeding into counter input "A' and

the reference signal set to a high value, feeding into
input "B, set the stopping trigger level until the counter
stops. Reduce the unknown signal, adjusting the stopping
trigger as described above, until the unknown signal level
is about 0, 3 v peak-to-peak. Both trigger levels are now

set for zero.

Set the oscillator for the desired frequency. This may be

T NG




set quite accurately using the ""Per B'" setting or, for

frequencies above 1 kc, the "EPUT" setting of the counter.
7. Adjust the attenuators and "Approximate Voltage Gain"

controls on the preamplifiers until the reference and

shifted signals are nearly equal and near 10 volts peak-to-

peak. These may be set using the oscilloscope.

8. Set the counter function-switch to "EPUT'" and measure
the time lag between the two input waveforms. Repeat
several times and take the average value.

9., Throw the "Reversing'" switch on Preamplifier No. 1 and
repeat Step 7.

10. Repeat Steps 6,7,8, and 9 for the next higher frequency.

Note: When measuring phase from recorded data, feed
the reference channel to "input B and the unknown channel
to "input A" of Preamplifier No. 1. Step No. 6 will coms ist
of merely measuring the period with the counter; the

trigger levels should be previously set with an oscillator.

T R T SR IS o, ST O PG T I TR Ay L 5 1

o Calculation of Phase Relations

e =

I The phase measurement technique described in the section entitied

" Phase Measurements' will yield three measured quantities for each frequency.
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These are;

the time lag using the reference signal to start
the counter,
the time lag using the shifted signal to start the
counter, and

q 3'—‘ the period of the reference signal (for frequencies

1000 cps or below), or

the freque ncy of the reference signal (for fre-
quencies 1000 cps or above).
From these measured quantities the phase shift, ¢ |, must be
calculated for each frequency and the time shift, .-~ , must be calculated

for each spectrun: of frequencies.

a. Calculation of Apparent Phase Shift
The first step in these calculations is the calculation of the apparent

phase shift. One of the three following equations must be used.

: e (iged) § wlanT.]
S =/ il % L 2
b -
T - \ [ T+ -T1
- - ’ .__ ."’
The best procedure to follow is that of determining the quadrant *
!
}

o
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in which the phase angle falls by inspection with an oscilloscope and using

i the equation giving the angle in the proper quadrant.

b. Calculation of Time Shift

R s -

It is known that

T

the symbols having b een defined above. The time shift A(' may be found

by a simple least squares calculation.

AR | TR

Since we are measuring phase responses of each FM data channel
with the FM reference channel, we may assume that over the normal FM
recording spectrum (i.e., DC to 5000 cps)

J
=
1

The dependent variable is S , the independent '{' . The unknown

e e e

R e,

! is then A‘t‘.

To perform this calculation, we use the equation for least squares

fitting - =
&t st B £
Once At is calculated, the residual values of 4 may be found by i
i3
referring to the equation ‘
. —

$ 2 &+ F &t %
!
i.
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Phase Response of Instrumentation System agg Za_pe Transports

PRESENTATION OF TEST RESULTS
Utilizing the techniques and measurement procedures previously
described, the following measurements were obtained and are presented

herein.

Preliminary Phase Measurement of Typical Systems

Figures 2 and 3 illustrate phase shift of the instrumentation between
the transducer output and the tape recorder unit. (See Figure 4.) The purpose
of this measurement was to determine the phase response of two typical
instrumentation systems in order to choose frequencies for subsequent cali-
brations. This measurement also compares the phase responses of one
instrumentation system with the calibration signal inserted into the hydrophone
preamplifier input (see dotted circuit, Figure 4) to a calibration with the signal
fed down the cable, as is normally done in an "amplitude calibration". Figure

2 illustrates the effect of inserting calibration signals down the cable. Figure

3 compares typical instrumentation channels and illustrates the effect of

changes in equalizer settings. };

Sine wave signals were inserted into the hydrophone preamplifiers
via the calibration circuits. The resulting outputs of the hydrophone instru-
mentation circuits were recorded by FM mode along with a reference signal

from the driving oscillator. The channel containing this reference signal will

be called the "FM Reference Channel"; the channels containing the hydrophone

instrumentation outputs will be called the ""data channels". Figure 4a shows i

i ot T R e
it AT e e i e i A e L A L TIN5
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S

the block diagram of a typical recording configuration,

Tapes were also recorded which provide for calibration of the tape
transports themselves. A calibration signal was paralleled into all channels
of both the transports (see Figure 4b) used on the LITTLEHALES and MONOB,
Py use ol the above recordings the following were derived:

a. Measured apparent ‘ﬁ—r‘ between data and reference channels of
the tape recorders (TFigures 5 through 11)

b. Measured apparent {Dr'[__ between the data and reference channels
of the tape recorder and associated instrumentation (Figures 12 and 13).

¢. Calculated actual 4*: for each data instrumentation channel
(Figures 14 and 17),

d. MNeasured apparent 4~ between '\ and direct reference channels
for each tape recorder (Vigures 16 and 17)., and

e. Calculated actual ¢ for each reference channel (Figures 16 and
17).

The phase responses of the LITTLEHALDS electronic systen:s were

recorded with the high-pass filters set at 5 cps. During the sea trials these filters

were set at 50 cps for the deep and intermediate hydrophones and at 200 cps for
the shallow hydrophone. To arrive at the phase responses of the systems as

used in the trials. it was necessary to calibrate these filters separately.

Figures 16. 19, and 20 gi ve the responses of the shallow intermediate
and deep hydrophones respectively. In each case the curve connecting the dots

represents the correction to be applied to the hydrophone response curve.

33
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Figure 21 shows the true corrected response curves for tie LITTLEHALES

L

hydrophone electronics systems

The above graphs present the basic information related to the phase

i response of the instruments used in the test program. Measurerment of ¢H .

the hydrophone phase response. has not yet been completed; this will be treated

in a later report

33a

S T AT eV D s N

A | Yin Wi

oSSR,

%
;
i
é
|
i
5
|
|
i




T —————— o

“sTeLn vas 0} 1c1ad pajelqed A[}021p 818M 91q€D pue
. r3ydureaad suoydcrphH

mour) wopemed, H
zHUADLE -

———

ﬁaﬁﬁ R&a uotreaqre) Sunassug jor wepd - T !
I &o:;.éﬂao&_ i o r (1. e A
BEr | 001 0 0 R or s o
] ﬁ _w e | |

:sobou__o.:ﬁnaao uy n,of,—mn.c_ [eusis

© auoydoapAl oym Aj3vaxp pejresur [rusy  ——

R




35

FEFT T-F1 1T 07 C [T T T ey ees oy darid ppydaaiies] | B w
Apaxp ouvBiEoun.am "$wNsAS &:&:&E.ﬁg ! | i I | 1 ~ ‘ﬁ
e mmquﬁg 3&?3538&.&81@ A8 1T e e
| | . ! a8 8 mmuc.xb.m:g.ﬁ ) _ 1 A
101 ! , ] lpbbn.,_;“ “rw_ an.jw,_ :
| -] WmAEI fLii 5 [ L | !
¢4 } 4 | ' ﬁ i | | '
i 1 | * ‘ M:Ii
i i T & B e i
1 M 0L
| 542 g = promna Spummton; aﬁgm@bﬁegsk%e bo1 ou m._bim, AN
B 580 g = yownd Aouanbaxy To% e 2@8@5, R
| { ! 1 ey iEray | !
sd> 0o = §c§u au:s:am.c mop ?HJ“ =w %ASE.SH 33%.6.5 L «
o IR GERAEE N
footed { 8018 ,_ :
B R B
i WE 1K s |

=
s’a"a’iﬂ’o"d"ﬁf ET T

s

L s

% 0f




‘(3mouaro payjop utr se) auoydoxpdy ayj ojut £130841p pue
JINDJ1D ,,JBD., 9Y)} BlA PIjJIaSUT SI9M S[BUIIS UOTIBII[R]
s uonejuaunaisul auoydoapdy 1eord4l jo wexdew] }oord

——

| etas - v o6 oy o)
b\ | il _ “

o 2 w,
podsuosy | { vorymnb b woprrveny < o _\

2dy/

1

=

—d,

[

Puoydo4pAfy

|

Ko

A AA A

4027y 20O T( v vy

| |
|

| |
| |
| T

VOE6

—

R

- I+J\; A4

1o/

¥ 3UNO14

jl]lJ_

40)D//!%0 Ev
04adp ==

2 -8 B

St W

)

B o s

36




/1 FM
—2Z
—3
Voice 4 Dir
507 (146)
Elect. o
Hydro € Preamp Amp. Elec M
)
——60 Dir
Ta pe
200" (r25)
mM
Hydro ¢ Preamp Amp. Elect. 7F
Transpert
8 Div
400" (1360 . e g
Hydro € Preamp mp. ect \
/900’ 2
.(I i Anp. Elect +—1/0 Dir.
Hydro ¢ Preamp
—— 11 FMm
Audio Osc —/2
—13
—/4
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for Systems Calibration on MONOB
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CONCLUSIONS
The following preliminary conclusions may be drawn:

By phase measurement of a narrow-band amplifier in the
laboratory, the technique of recording and measurement has been shown to be
satisfactory to measure phase shifts to within ¥ 5 degrees. from 5 cps to 7 kc.

;(‘he timing counter method of phase calibration used herein is
very susceptible to error due to extraneous noise. An example of error intro-
duced by noise is the phase calibration of the LITTLEHALES deep hydrophone
(Figure 14). ‘When generating phase calibration tapes it is important to insure
that the hydrophones are not subject to vibration.

Comparison of two sets of phase response measuren:ents for a
hydrophone electronic system, made at different times, shows a wide variatin
in phase characteristics at both ends of its passband. A typical variation is
that of the LITTLEHALES intermediate hydrophone, as shown in Figures 3 and
14. The low frequency variation may be due to change in hydrophone dielectric
constant with temperature. *The high frequency variation has not yet been
explained due to insufficient data.

For hydrophone cables of less than about two thousand feet in
length it is satisfactory to insert phase calibration signals through the standard
calibration circuits for the hydrophone electronics. Thus, it is possible to get
an on-site phase calibration of an array at sea.

It is possible to get an approximate absolute phase calibration of

tape recorder data channels by measuring phase shifts between an FM record

channel and a direct record channel, and through subsequent interpolation.
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ANTICIPATED FUTURE EFFORT
It was recognized that this first attemf)t to collect data for the Acoustic
Data Processing Research Program would be exploratory in nature. A primary
goal of this effort has been to define the problems of acquiring appropriate data.

This report presents the efforts, to date, related to phase calibration which is

one of the many measurement problems. However, additional problems related

to phase calibration may appear during data processing. Therefore, it is too
early to evaluate the calibrations performed to date in terms of required modi-
fications to technique and procedure to meet future requirements, It is our
intent to work with the team members who will process and analyze the data and
jointly evaluate the phase measurement techniques and procedures. Based upon
the information obtained, a report will be prepared proposing measurement

and calibration techniques and procedures to be used in the next full scale trial

effort.

Certain preliminary recommendations may be made at this stage.

however. These are outlined below.

Laboratory Phase Calibration of Hydrophone Electronics

As described in the previous section, the hydro phone electronics
systems show variations in measured phase characteristics for different
calibration tests. A series of laboratory tests should be made to define the

parameters causing these variations and, hopefully, to eliminate or correct for

them.
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On-Site _Phase Calibrations

It has been shown to be feasible to insert phase calibration signals into
the standard hydrophone calibration circuits with the hydrophone array in place
at sea. It is strongly recommended that in future sea trials, phase calibrations
be done on station. This would eliminate the possibility of losing data due to
hydrophones malfunctioning before the phase calibration can be performed. as
happened on MONOB. Such an on-site calibration could be performed in less
than 45 minutes.

The performance of such an on-site calibration should not preclude
the calibration of hydrophones at the end of sea trials, however. It has not yet
been determined whether '"quiet ship' conditions reduce ambient waterborne

noise enough so that an accurate on-site phase calibration can be obtained.

Tape Recorder Calibration using Phase-Locked Oscillators

A more accurate method of getting an absolute phase ca ibration of
tape recorder channels would be with the use of phase-locked oscillators. A
block diagram of such a set of oscillators is shown in Figure 21. With such a
system, successive frequencies could be recorded on a channel to be calibrated.
with a constant frequency recorded as reference. This reference frequency

would provide a constant phase standard for determination of absolute phase.
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Recommended Time Coordination Procedure

The problem of time coordination is one of establishing the locati n of

a given instant on the tape records from both transports. For this purpose a

y series of square wave signals. from 10 kc to 0.1 cps. are recorded on separate

channels simultaneously with the hydrophone data on both tape transports. The

. frequencies are 10 kc, 1 kc. 10 cps, and 0.1 cps. The 10 kc signal is of
necessity, recorded by direct mode; all others are recorded by FM mode.

These signals were generated by two 10-mc crystal-controlled
oscillators and decade frequency dividing circuits. The oscillators were of high
enough stability that, with the two synchronized at the beginning of the test series.
a time relationship of sufficient accuracy was maintained throughout.

Time coordination is by the 1 k¢ signal. This signal is recorded on

the same head as the data channels. The time-shifts of the data channels with
respect to the 1 kc channel are accurately known, having been determined with
a least-squares fit of phase responses as described on page 31. The time
location of any point on the 1 kc signals of the two tape transports is assumed
to be tdentical. Since both recordings are made on Precision Instrument tape

transports with identical FM-record modules, this assumption should be valid.

A possible system for extracting data of identical instants on two tapes
is that of using an electronic triggering mechanism and allowing the 1 kc or
10 ke reference signal to operate a digitizing device. The time-shifts measured
as described above would then be applied to these data for time correction. If

the 10 kc reference channel is used it will be necessary to measure the time-shift

phase calibration.

i
I between the 1 kc and 10 kc reference channels using the counting method ot the f




