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INT RODU CTION
• I - The pbj ect of this report is to present the approach to , mechanics

of , and progress to date of performing phase calibrations of the measure-

merit 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. Li

1
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I
Consider a magnetic tape record of data taken simultaneously from

several hydrophones located on each of two listeni ng ships. The data is

7. 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 invo lves:

• 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 mt~ t

be established on both tape transports.

2. The determination of the amplitude responses of each of the data

channels with respect to freque ncy.
• 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.

2
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GENERA L 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 dowi into

several parts as follows:

-

~~

where

a the phase relationship to be determined ,

-~~ the phase response of the hydrophone to incoming

acoustic signals,

4 a the cumulative phase response of the instrumentation

between the hydrophone transducer output and the

tape rec~rder input , and

— the phase response of the specific channel of the

tape recorder-reproducer .

1. Hydrophone (
~~ )

Measurement of phase response of hydr ophones will be carried out

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



Both ~ ~ and impulse techniques are being considered. Specific calibration

procedures will be developed after consideration with other team members

and vt th the Underwater Sound Reference Laboratory.

2. Instrumentation 
~~~ I

For this measurement , sine waves were inserted into the hydrophone

calibration circuits and the outputs of the subsequent Instrumentation recorde d

on tape along with a reference signal. This is repeated for a series of

frequencies over the spectrum of interesi The signals were the n 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 arid the time delays between channels

of each tap~ 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 vtth 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 niki point 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

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
I range. It was found that the apparent phase shift increased as a function of

1 frequency. The linear portion of this increase is related to a constant time

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

may be written as

E T

where

is the apparent phase shift ,

~ £- is the time delay ,

~~ is the period , and ,

r -
~~~~~~~ is the frequency.

Therefore the apparent phase shift between the reference channel and each data

I channel was plotted and a linear curve fitted to the data by the least squares

I method. The calculated slope of this curve equals LJ1~ the delay time between

channels. The residuals from this curve is the phase shift related to the

I electrical impedance of recording channels.



Phase Calibration of Electrical Systems

a. Measurement Requirements and Theory

It is required to measure phase shifts of bignals 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 v to + 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 measur e 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 defini ng the operationa l

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 close to 0 v ( < 1 v),

d. Both inputs are set to trigger on positive going

signals.

6 
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Consider the following signals:
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where

is the reference signal

is the phase-shifted signal

-~ the amp litudes of

is the phase shift in radians

(positive for phase lead , negative for phase lag)

is the trigger voltage of input “B”

I is the trigger time , input “B” , for starting

L, la the trigger voltage for Input “A”

~ 
is the trigger time , input “A” , for stopping

7
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The start and atop times are defined by the equations:
1... 

r I I

j~ ~~~~~~~~
‘

. 

~~~~~~~
, ‘ 1

To ot*ajn in terms of ~~~~ i ‘
, we make

use of the relation , letting - ‘ - ‘

- —
~ r.( — I  . /

I —
or

— S S S

.~~ . “

Then , (1) 
- since the start time is always in the

first quarter cycle ( ‘— “/~ ).

Also, (2) ~~~~~~~~~~~~~~~~ ‘
~~~~~~

-
~~

or

(3) : — 
‘

or
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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

I 
- — - - ‘

or

I -

- ~~~~ t~~~~ - s

Th en - A . - 
- IS —

but for the second equation

‘7 .~~~~~

Thu s, 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 thtLs 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 - 

- there exists a such that / falls within either
of the intervals shown. Thus, we have two possibilities:

(5) 
I 

—

I

or

(6) ~~~~~~~~~ ‘ , . -
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Subtracting (1) from (5) and (6) we have

/ S - - — I

-
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(
~ 

- -
~~ 

-

~~~~~~ 
.

Whence , calling ~~~~ . the phase lead of relative to
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I
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:
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or
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Suppose the inputs are now reversed , so that : goes into input

“B” while - goes into input “A” .
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- 
is now the start time , while is the stop time. We now have

— 
. 1 :

5-1 ~ )

Proceeding as before , we have

- 5 1

- 
~ 

i I’ ~~~~~~~L s 4  
~~~~

and • 1 ~
- 
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-
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where is the phase lag of F , with respect to

I ,  - / IW’e now let ~~~
‘  — 
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Then the first measure m ent gives

S~~I — 
~

. -7 , t c~~~’ t~ — :i~~~~’. 1
-I

~fl’ y 
~•

The second measurement gives
(‘
I
’ - —‘

S. —

= + ~~Ih~~
1 

~~~ 
—
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- 
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-: 
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_ )~~) 

~_-

We now make the assumption that by making /~ and f~ ~ big and zeroing

the trigger levels , we have

-
~~~

- Then all terms of the type S’~ ’ may be replaced by 
5 

L -- ‘
~

‘

-~~~ - - t  A
- I- /1 ~1;

with a maximum error of —~ ~ % ,  In detail ,

I ~~~~~~ X -

,

~~- + ~~~~ ~~~~ • •

- 

The percent error is 
~~~~ 

- - -

% error - - 

~ (~ 
)
~/)

Since 
/ ~
( )  

—~~ 0 . !

- L
( o 7  
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Making this approxina tion , we then ha ve
r -“ - S

or 

~~~~ —

4. 

(8) ‘ -~T~~_ 
~1 ~‘

(9) 
~~~~~~~~~ L LA

(10) ~ - — 2  ~~~. ~~~ ~~ 
-

The question now arises as to which equation to use to obtain
- ~ and ~ . The answer is to be found in the op&ation of the

counter. The instrument obviously cannot distinguish between , say, phase
lags of 90 ~r phase leads of 270 . 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 
~~ 

- -

and ~, -
, to minimize the effect of systematic errors. We m~~t take all

possible averages of the two measurement s since we cannot say which of
equations (7), (8), or (9), (10) are valid. The refore , denoting

4
~
1 I ~~ ) r ~ 

--

/ ~~~~~~~~~ 
~~~ 

- .
-

—
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we have

~ 
- r ~ + (L ~~ - 

- 

~~

~. H~ 
- t ( ~~. ) 4  (

~~ ~~~

— -

~~~~~~~~~~~~~~~ ~~~~ ~~
) 

~ ( 
-

~ 

-. I

It can immediately be seen that by making 
,
., and ~~ small compared

to j1~~ ; and adjusting /~, as close to 
~ 

in magnitude as possible ,

the term

(~~~~~~ ~
‘7(

~~~~ : 

--

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

fore neglect it.

To obtain an estinate of the resulting error , we assume

(worst case). Then

- ~~~ 
\ ( - 1 / ~~ 

-

S 

-
~~~~ 1~L 

~~
We assume -

~ 

~ 
. Let us define — — 

~~

L Then “ r- 
~~~~~~~ 

- 5
~(~~~L_ ~- \  — -

- 
(-tí;~ ~LA ~~~ /\ , j~ I )  - 

~ ~~~ 
) • 

~We have previously assumed that 

~~~~~ 
I

We now estimate that can be n-ia e equal to 1L) ., to within 2 db.
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~ii -Thus, — - — — ~~~ 1
5 —

Then

~~ ~~ —

~~‘ 
~~
‘ :~~ ~~~~~~~~~~~~~~~~

.
~~ 3~~’ 5 ) 4 ~~~~~~~~ ,~~~

It is Interest ing to compare this with the unaveraged case. In
that instance , we would be neglecting tern is of the form

- - 

- 

;- I
~~~~ 

S

In this case, assuming 
~ 

- 5 

~~ 
-

— 
I 

ISA -  11-
The uncerta inty in setting — -

~ 
- ~ (to minimize error) is about 0. 2 v ,

and assuming /~ ~~
— 

~~ • .
‘

- -t

unde r the most favorable conditions.

Thus, the averaging allows us to minimize error by making /~, rather
than the much more difficult task of making /1 - - and then

Assuming that the triggering levels have been zeroed and the input
amplitudes A .  and i?-~ made as big and as close to equal as possible . we
can neglect the term - . -

~ 
- _i_ ‘~ in the equations for

~~

S 
\ 

~~~~~

, /~ 
/



We then obtain three independent equations for

— )

± L2 ~~~~ (radians)

~~ ~~-~~~T 4  
~~~~~~ 

)
Since the period 

T 
of the input signals is measured rather than (~

we have —

~ 

-
~ 

- T )  -i -
~

~ 

-

~ ~~±T T~
) j (degrees)

H 
T 

~~~: j  ~L h I~~’L~ /
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 measuren-~ nt are of two types, systematic and

random. Systematic errors arise from (a) errors in setting the triggering

levels and signal amplitudes , and (b) phase shifts in the measuring equipment.

Random errors include (a) errors in the EPIJT counter . (b) rando m 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.

16
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1
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1. Systematic errors

:. (a) Tri ggering Levels - This has been discussed In the section
under a. Measurement Requirement s and Theory. ” It was found that the
maximum phase error with the triggering levels zeroed and the input ampli-

.. tudes equal and large was .. . ~~ 
“—

(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 eps to 10 kc) can be cut to a minimum. In ‘

addition , it is recommended that a phase calibratio n of the measuring equip-
nient 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 ) ,  nieas-
urements. It should be noted here tha t for signals up to 1 kc , th e period is
meaaured ,while from 1 kc upwards , the frequency ( E ~~ ) is measured.
The counter has provision to measure (period x 10) or ( r/ f~, S.\ 2 ) SF)

that the maximum period or frequency measurement error is one part in io~.
Analytically, we have

-
-
~ T I hI~~~~~ (~~ 

—

and

L / . ~~~I 
~~~~~~ ( 1 -  ~~ R c )

I
I _ _1_ _ . _ ____ _

~
___ --



-- ~~~ - - - -
~~~~~ 

or
S.— ’

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

— 
— 

~
—

0 s- -, 1

— ~ “ - C

These errors are thus dependent on the frequency of the input signals.

(b) Random Changes in ~~~~~ and 
-

- - The ‘ start” and “stop”

Schmitt triggers in the Beckman counter have a rando m triggering level shift

L of about 0. 1 v. This should have no real effect if IL’ - 
-~ ~

‘ :~ ?-- :  , ‘- ‘ /‘I , ~

Thus.

-

(c) Signal Frequency Changes - The Hewlett-Packard oscillator

to be used has a random frequency variation of two parts in ~~~ Thus 
t

- / 5

5~ 
f

or

(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 I -

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

I
18
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I
I - :

have been selected to use for amp litude control. These ~u~-p 1if i& ’ i -s have ar
high and low pass filter (adjustable) which can filter out most of the m isc.

It these f i l te rs  are set so that the signa l frequency of interest is in the t’ -nter

oL the pass band , the phase s h if t  through each amplif ier  should he ZCI’ I I . ~‘~‘e fl

- if it is not , since both signals pass throug h the s an e  type ampl i f ie r , the phase

shifts for  each ShoUld be the same: thus , the relative phase shif t  should

remain unchanged. It is thus desirable to perf orm a phase calibrat i n on b sth

amplifiers with v a r i - lu s  cu t -of f  f requencies  set in.

It is extremely difficult  to estimate . quantitatively , the error due

to noise . The f ilowing is an order-of-magni tude approximation .

We assume that the greatest porti on of the noise lies at frequencies

muc h higher (say ten times) than the signal frequency.

- / 
-

-

/ .5
’

N , - -

/ 
I

1~
F I

/I /- I +

-~~~~H k-

I 
If the signa l is - - . -‘ is the uncertainty in

L 

trigg er t i~’i e. is the noise voltage (peak t peak) . and ‘ ‘

~~ the t r igge r ing

vol tage, then we consider the noise to lie in a band 
- t  

as shown above. H

I
1 19
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I
I

If is set near zero the following equation applies:

:. 
but 

,- ‘ I .~~~~ & , - -,~~! e  

~~
- -

-
-

We assume ~~ ~ , so that

— .. I
-H ~~~ -~~-~~~-

and

- 
- i- .--

~t

Then

5- -

/~~~-‘ 
-

~~~

or IT

I ~~or :‘~ F~
-\--t .  a ’T - -

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

- n~ . ~~~~~~~~~



- f l~~~~~~~~~~~~ --—r
- -  - 

~~~~~~ 
-

I

with hydio 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 rando m 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 readi ngs of T ~~~r’ ‘ J ,  7 , and ,
~~~

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

calculated. The error in T~. , (say) , would then become
-- 

-.. - :  “
~~~~~~~~ 

1 - -

L /~ 
—

where

is the averaged
- 

“ is the n-iean squared I ’~
~~~ - is the number of readings .

3. Tota l Error

The total error due to several rando m errors is given by

~~~~~~~~~ 
(
~ ~~~~~~ 

(
~~F )~ \)S.

+(~~~
±
) (7

~~~~~+ 

~~~~~~~~~

where ~
- (

~ - 1~’ ) is the variable whose error ~- we wish to find. ~~ , 4 )L

and £ ~ are the random errors in the independent variables on which

21

5- - --.-- - -. -—~~~~~ $rt 
.- -- 

~~~~~~~~~~~~~~~~~~~~~~~ 
-- - 

~~~~~~~~~~~~~~~ 

__________



_______ - ~~~~~ ~ -“-~ - 
- 

~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ iu~~

- depends. We have

-
~~~ 

-

~~~

I -T  ~ r.  ‘ 

-

iT :~~ ‘ -~ (
Thus

1 ~~~~~~~~~T (

I \
\ .

’

(

~~~~~~~~~

\

: 

(
~ ‘ 

)
~~~~~~~~ 

~~~

_

\~ 

~~~

The followi ng relationships hold for all three equations above:

)
~ 

S.-.-

--

1 - L  f
1 -

~~~1 -~~~~
,I When two random errors contribute to a total error ,  the total error is the

square root of the sum of the squares of the contributing errors. We divide

th e error into two parts , one below 1 kc and the other above 1 kc for the
Is. error introduced by the counter . Then ,

i ~~~~~~ ~ ~ 
)‘

~~~~~ ‘~~~~, ]
- T~ 

,-‘

- - 
- 1 .
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-~~ 
- 

~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~

Also

and J~ -~~ :~~c

Thus , the tot al phase error due to rando m error sources (excludi ng noise) is
- ,-

~~~~~~~~~ 1 
/ f )  

~ ( ,  
~~~~~

L

± 
~~~~ 

7~~.- 
( (

1
H;~~~~~~~

I/ /  
I

- 
~~~~~ f

-~~ 
- - - i i~ 

l - j - .  
/ ~-4 \ \ /

+ ~~~~~~ ~~~~~~~~~~~~~~ ~~~
. 

- 

-- .  
J 

-

~ 
(. . A ~ ~~ )

It can be seen that the above expressions depend on both the phase and the - 
-

period of the I nput signal. Simplifying, we obtain

H - )_ ~ ~ I )
_ 

~ r~~ ~~~c
I 

~~~~~~~~~~

and

r — r— ~ - 
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5---Let us consider the case for each of the above equations where fr’- is one

kilocycle and 1~ ?~ T, . Since neither r~ nor can be greater

than , this means that

- 

1~ 
-- ‘i

-rn
i 

-
~
- T (worst case)

Then 
- - 

— --
- -— ‘T ; - .4 - i - - / - -)~ - ( I s  ,~~~~~~L /

~~~~~~~
- L -. - -

~ H
- - :— I z  — — - -~~~ 

-

and

~ I ~ 
- + 1’ I

-
~~~~~~~ 

- J;~ T L )

1~ [z ~ ~~~ J ~~~ 

1? ~ 0 ~~I. F O ~~ ,

For very low frequencies the 71) 
2

term will predominate , and

~~~ % 
~~~ 

~~~~~~~~~~~~~~~~~~~~~

For the highest frequency in question , 10 kilocycles ,

4 ;
(

~~~ L~ ~~1~~- C )  ~I X

or 2. 3 degrees.

The maximum total aggregate error due to both systematic and rando m errors

is then - -  - - r - - —‘

1
/ ~~ ) 

- 
- + (~_~~~~)

i 

~I.

z 3. 8 degrees.
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7

L will start when the phase of the r eference voi tat ’. e is zero , and will stop wheti

the phase of the unknown ~~~~t ei u output is zero.

I. Since the two attetiua tor—anp lifier circuits , “A” and “B”, ar e it~tde

- I up of s in  - i l ac  con ponents. aiiv phase shift introduced by one will be sin ilai’

to that introduced by the other , and these should cancel . The n-ethod allows

I for removal of any res idual phase shift in these circuits , as well as

I inaccurac ies  in setting of the counter trigger level . This t ie  th~ l involves -

first , s e i i u l ~~i~ the referen ce signal throug h ci rcuit “B” , the starting tri~ 1’, ci’

I c i rcui t , and the shifted signal through the stopping trigger circuit “A” , and

n easu1’iI1 h ~ the resu l t iu~, t in - c  shift . The switch -~~ 
/ is then thrown , whi ch

- seiids ( k i t ’  shif te d ~i~ t iaI throug h cir cuit ‘ ‘ 
~~~

‘‘ and the r eler eace signal through

circ uit “.-\ .“ The t ime shu t j s again ii~easured . The period of t u e  reference

signal i~- also n’cas u r e L i , and f ron t  thit ’~~ qua~itities the phase shift  may be

calculate s ,

I r u e  following is a step—b y-step description of the phase neasuren t en t

-I 
procedure .

1. Turn on the circuit. Allow a S— minute  w arn :—up period.

L. 2. Insert the signal f ron t  the oscillator into the u ak: i owu:

- component. Connect the output f ron t  the unknown to

“Input A” of Pr eamp lifier ~4o. 1. Connect the oscillator

output to “Input P’ of this prea n-p l if ier  also,

[ 3. Set the i,i’ean ipl ifier frequency response switches at 0. 2 cps

low cutoff and 40 ke high cutoff.

L Note : This setting should be used for the lowest frequencies



-

- - to be measured . For hi gh er frequencies it n a y  be

desirable to elin iiiate low-frequ ency noise by sett ing

the low cutoff at some hi gher value . Lie sure that both

preamplifier s are set fox ’ the san e cutoff frequencies

so that phase character is t ics  are matched.

4, Adjust the counter starting trigger level to zero. With

the refe rence signal feeding into counter input “B” ,

adjust the trigger Level until the counter starts . Decrease

the reference signal voltage and continue adjust ing the

trigger level such that it starts the counter . Continue 
k

this procedure until the voltage into the trigger is about

0. 3 v pea d-to-peak-—the threshold sensitivity of the t r i gger .

The starting t r i dger  level is now set as close to zero as

possible.

S . Adjust the counter stopping tri gger level to zero. With

the unknown Si gnal feedi ng into counter input ‘‘A ” and

the reference signal set to a high value , feeding into

input “B” , set the stopping tri gger level until the counter

stops. Reduce the unkn own signal , adjustin g the stopping

trigger as describe d above , until the unknown signal level

is about 0. 3 v peak-to-peak. Both trigger levels are now

set for zero.

6. Set the oscillator for the desired frequency . This may be

1
2
~

— -5.~.~
::1;T—

- ~~~~~ T~~~
_

~,Lr __•_J~~~~~~ ‘- —,-- - 
.1_u 

~~~~



-
: 

- 
-
~ rur~~~

—
~~- - -~ ~~~~ - -- -~~ --~~~~-i~a ~~~~~~~~~

set quite accurately using the “Per B” setting or , for

frequencies above I kc , the “EPUT” setting of the counter.

7. Adjust the attenuators and “Approxin ate Voltage Cain ”

controls on the preamplifiers until  the reference and

shifted signals are nearl y 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 t ime 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 3 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 cots ist

of merely measuring the period with the counter; the

trigger levels should be previously set with an oscillator.

Calculation of phase Relations

The phase measurement technique described in the section entitled

“ Phase Measurement s ” will yield three nieasured quantities for each freque ncy.

4 1
- - - ~I ‘ -~~~ ~~~~~~~~~~~~ - - - - I - -

_ _ _ _  - . 
---

~~~~~~~
- .

-
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These are~

the t ime lag using the reference signal to start

the counter ,
-_ the time lag using the shifted signa l to start the

counter , and

1. the p~~ iod 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 , . - ~ , ntu st lie calculated

for each spectrur. . 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 trust be used.

-

- ‘ 1  -
~~~~~~~~ -“ 

-. 
-

L 
~~~~~~ 

-
~~~ / t

\ I ‘ /

T~~~~t

The i*st procedure to follow is that of determining the quadrant

‘-‘ C ,

~1~ 
— — 

~~~~~~~~~ 
--- — —-- 

__ .~
,_J~_z_ -_ __ — ~~~~~~~~~~~~~~~~~~ - __ ‘-~~  
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I
in which the phase angle falls by inspection with an oscilloscope and usi ig

the equation gi~ing the ang le in the proper quadrant.

b. Calculation of Time Shift

It is known that
- . /

_

the symbols having 1’ een defined above. The time shift may be found

by a simple least squares calculation.

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. c . ,  DC to S000 cps)

The dependent variable is ~~

‘ 

, the independent f .  The unknown

is then ~~~~~~~~~~~

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

fitt ing
= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Once is calculated , the residual values of ~ may be found by

referring to the equation
a 

± -c ~~~~~~~~~.

I
I

‘~~~“i ~~~~~~~~~~~~~~~ I~~~T
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1
I
I PRESENTATION OF TEST RESULTS

Utilizing the techniques and measurement procedures previously

J 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-

bratione . 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 calibrationY ’. 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.

Phase Response of Instrumentation System and Tape Transports

Sine wave signals were inserted into the hydrophone preamplifiers

via the calibration circuits. The resulting outputs of the hydrophone instru-

I 
rnentatiori circuits were recorde d by FM mode along with a reference signal

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

1 be called the “FM Reference Channel” ; the channels containing the hydrophone

I instrumentation outputs will be called the “data channels ”. Figure 4a shows

1 32 
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the l ’lock diagran - of a typical  recording c nf igurat i )n.

Tapes were also recorded whi ch provide for calibration of the tape

tran sp -’rts t~ cr ’ selves . ~~
- calibration signa l was paralleled into all channels

of ~xt .i the transports (see Figure 4b) used on the LI TTL FUA LF~’ and ~‘ONC)B. - 
-

Py use of the above rec x d i n ~~s t i e  following~~~e derived:

a. “easured apparent 
~fr~— between data and reference channels of

t~ie tape recorders (Figures ~ thr oug h 11)

ft “easured apparent ~ between the data and reference channels

-~1 t ’ te tape recorder and associated ins t ru m enta t ion  (Figures 12 and 13).

c. calculated actual 4 f - r  each data ins t rumenta t ion  channel

(~~igure s 14 and l~ ) .

ci. “ easured apparent ~~... between I~~ and direct reference channels

for each tape recorder (Figures 16 and 17), and

&~ Thlcuiated actual .~~~.. for each reference channel (Figures 16 and

17).

The phase responses of the LITTL~~TI’L ’S electronic systen-s were

recorded with the hig h-pass fitters set at ~ cps. During the sea trials these filters

were set at ‘C ) cps for the deep and intermediate hydrophones and at 201’ cps f o r

the slia,llow hydr oph on e . To arrive at the phase responses of the systems as

used in t h e  tr ials ,  it was necessary to calibrate these fi l ters separately.

f igures I~ . 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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I
I
T Figure 21 shows the true corrected response curves for tie LITTLFHALrS

-~~ hydrophone electronics systen-’s

The abo ve graphs present the basic information related to the phase

F 
response of the instruments used in the test program . ~~easure: -eat of -

the h ydrophone phase respo nse. has not yet been Cur pleted; this will be treated
in a later report
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CONCLUSIONS

The following pre l i minary conclusions may be drawn:

By phase measurement of a narrow-band ampl i f I er  in the

laboratory, the technique of recording and measurement has been shown t~ be

satisfactory to measure phase shifts to within * 5 degrees, f rom 5 cps t I  7 kc.

~ he t i m ing  counter method of phase ca libr at i -~n used herei n is

very susceptible to error due to extraneous noise. An example of crr or  int r

duced by noise is the phase calibration of the LITT LFUALFS deep hyd rophone

( Figure 14). ‘When generating phase calibrat ion tapes it is important to insure

that the h ydrophones arc not subject to vibration.

Comparison of two sets of phase response n ’easure i ’-ents for a

hydrophone electronic system , made at different ti m es , shows a wide variat i  ‘n

in phase characterist ics at both ends of its passband. A typical va riation is

• that of the LITTLEHALFS intermediate hydrophone . as shown in Figures 3 and

14. The low frequency variation may be due to change in hydr oph one dielectric

constant with temperature. ‘The high frequency variation has not yet been

explained due to insuff icient  data.

For hy dr )phone cables of less than about two thousand feet in

• lengt h it is satisfactory to insert phase calibration signals through the standard

calibration circuits for the hydr ophc ne electronics. Thus . it is possible to get

an on- site phase calibrati on of an array at sea.

It is possible to get an approximate absolute phase calibration of

tape recorde r 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 f irst  attempt to collect data fu r 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 n -an y measurement problems. Howeve r , additiona l problems related

to phase calibration may appear during data processing. Therefore , it is too

early to evaluate the calibrations per formed 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 hycim 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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i
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 4~ 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 whethe r “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 c~ ibr ation of

tape recorde r channels would be with the use of pha se-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 I -
would provi de a constant phase standard for determination of absolute phase.
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I
Recommended Ti me Coordinat ion Procedure

The prob lem of t ime coordination is one of establishing the locati ~n of

[ a given instant on the tape records from both transpo rts . For this purpose a

series of square wave signals . from 10 kc t~ 0. 1 cps. are recorded on separate

channels simultaneously with the hydrophone data on both tape tra nsports. The

frequencie s are 10 kc . I kc . 10 cps , and 0. 1 cpa. 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
- I

oscillators and decade frequency dividing circuits. The oscillators were of high H

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 Icc signal. This signal is recorde d on

the same head as the data channels. The time-shifts of the data channels with
- I 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 I kc signals of the two tape transports is assumed

to be identical. Since both recordings are made on Precision Instrument tape

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

- 

IL 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 kc 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 channe l is used It will be necessary to measure the time-shift

between the 1 kc and 10 kc reference channels using the count ing method o’ the

phase calibratIon. 
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