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ABSTRACT

A Conductivity , Temperature and Depth (CTD) profiler has been

designed to make precise fine scale measurements of these physical pa-

rameters in the ocean . This CTD system consists of a shipboard Data

Terminal deck unit and an underwater unit which provides continuous

sampling of the three variables as it is lowered into the water. Ad-

ditional sensors can be added to measure other variables ; the most corn-

mon is dissolved oxygen.

This report is a detailed description of the CTD System and

includes the necessary documentati on to operate and maintain the equip-

ment.
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INTRODUCTION

The Conductivity , Temperature and Depth (CTD) profiler des-

cr ib ed here has been des ig ned to make prec i se f i ne scale  measuremen ts

of these physical parameters in the ocean. The CTD system consists of

a sh i pboard Data Terminal deck unit and an underwater unit which pro-

vi des cont i nuous sam p l i n g of the three var i ab les as i t i s l owered in to

the wa ter . Addi t ional  sensors can be added to measure othe r var i a b les ;

the most coniiion is dissolved oxygen.

This report is a detailed description of the CTD System and

includes the necessary documentation to operate and maintain the equip -

men t .

Sal inity can be derived from the pressure , tempera ture and

electrical conductivity of a sample of sea water. With the CTD con-

ductivity is measured with a miniature four electrode ceramic cell.

Temperature is sensed by electronically combining the outputs of a

high speed (30 millisecond) thermistor and a platinum resistance ther-

mometer. This composite output has the excellent long term stability

and linearity of the platinum probe wi th the rapid therma l response of

the thermistor , in dependent of pressure effects and drifts in thermistor

characterist ics. Pressure is sensed by a strain gauge pressure trans-

ducer.

Data from the underwater unit is transmi tted in real time to

the shipboard data terminal through a single electrical conductor which

is the core of the steel cable used to support the instrument in the
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water. The data are in TELETYPE format using frequency shift key (FSK)

modula ti on of a 5 and 10 ki loher tz  ac si gnal super imposed on the dc

power supplied to the underwa ter unit through the same cable. This

“audio ’ signal may be recorded directly on a good quality audio record-

er for later processing .

The deck unit decodes the signal , provides digita l data in

both parallel and serial format for on-line computer processing and dig- 4
ital recording , and displays the variables in engineering units (deci-

bars , degrees Celsius , and mi 1 l imhos~ There is aI~ o a d~Igita1 to

analog conver ter for real time plots using a two axis analog plotter.

The CTD is unique in that it provides the means for observing

f i nes truc ture phenomena i n both the tem pera ture an d sal i n ity fields in

the ocean at vertical scales of order centimeters . At the standard rate

of 30 sam p les per secon d , an ins t rumen t lowere d a t abou t 75 meters per

minute , for example, will give C, T, and 0 data averaged over about 1.5cm

for each 5 centimeters of water providing a high resolu tion profile to

full ocean depths (6000m ) in about one and one-half hours .
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SYSTEM DESCRIPTION

Underwater Unit

The CTD has two major assemblies , each subdivided into func-

tional sections made up of modular circuit boards and mechanical assem-

blies. In the underwater unit these are the analo g and digitizer sec-

tions plus some additional ancillary circuits including the Signal Gen-

erator and Power Supply voltage regulator. Figure 1.3 is a block dia-

gram of the underwater unit showing these sections in relation to one

another.

The analo g section consists of the conductivity, tem perat ure

and pressure sensors and their associated interface or conditioning cir-

cuits. Consider each sensor and interface to be ~‘ four terminal device.

If the two input terminals are excited with a 10 kilohertz reference

voltage the amplitude of the output signal is a linear function of the

variable as sensed by the correspondinq transducer. The interface card

for each sensor scales and liuearizes the signals from zero to full

scale in a special stable tuned feedback amplifier wi th the gain adjust-

ed during calibration , and prov ides 500 millivolts RMS full scale out-

put for each variable. These three condit ioned signals then appear at

the input of the analog switch for mult iplexing and di gitizing.

In the next section , each sensor interface output is elec-

tronically swi tched in sequence to the dig i t i zer; a 16 b i t  b inary rat io

transformer which uses a successive approximation method to precisely

determine the ratio of the output signal amplitude to the reference sig-

• •~ • — •  —•~~- —~~~~~~~~~---~ 
- 

~• • • • • 
•— _~

__ __ _ ;~~ ~.-- -— -- — 
---j -—- • - -



r -— _ _ _ _ _ _ _ _ _ _  
- - -

~~~~

---_-- -

~~~~~~~~~~

Fig. 1.3 

U

~~U’ J~~~~~~~ l o
— tj U) I Q . Q~ ,~~~I

_ _ _ _  I < ~~zt ~~
— 

U ~~~ U , U

o ~

__ I __ _ _  _ _

I I ~~ I-.
0 L ~~

. ~~~

_ _ _ _  ~~ g~~h1 
_ _ _ _( I~HHH~

~ I

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—— —-- - “ - - - -~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



•
~
—

~~
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1

• 1.3(2)

nal voltage.

The AC Comparator , Digitizer Logic and D/A Converter form a

loo p wh i ch compares the out put of the D/A wi t h the sens or i nt erface ou t-

put bit by bit. Starting with the most significant , each bit is set

high in turn , then reset or not depending on whether the 0/A output is

larger or smaller than the sensor output. The sequence continues until

all 16 bits are tested . The Adaptive Sampling circuit controls the

timing of the digitization and allows the comparator an appropriate re-

cover y time af ter each test .

After all 16 switches have been sampled the di gitizer sends

a signal to indicate to the control circuitry that digitization is com-

plete . In a standard system there are three digitization cycles in a

data frame , one each for pressure , temperature and conductivity .

The Memory an d Mul tip lexer  c i rcu it s e q u e n t i a l l y connects the

interfaces to the digitizer and stores di gitized words into buffer mer’-

ory. The memory is required since the data from the previous frame is

being clocked through the telemetry registers during digitization of the

curren t frame . At the end of a frame the system wa i ts for the next

31.25 hz clock pulse , after wh ich the tel emetry circuit is delayed for

a few hundred microseconds while the buffer memory is dumped into the

telemetry registers .

In the TTY formatting and FSK modulating card the serial data

stream generated on the memory multiplexer board is serially shifted by

the TTY gated clock. The data moves 8 bits at a time , then pauses w h i l e

2 “ stop ” bits and a “start” bit are mixed into the data stream . The

J
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number of data bytes are counted and a continuous “high” or “one ” state

follows the data to compl ete the 32 ms. cycle or frame .

The data are shifted out of the TTY formatting circuit at

5000 bits/second into the FSK circuit where logic “ones ” become two cy-

cles of a 10 kilohertz sinewave and logic “zeros ” become one cycle of a 5

kilohertz sinewave to be transmitted to the deck unit.

The s ig nal generator boar d p rov id es 10 ki loher tz reference

s i ne an d square waves in  phase , 10 ki loher tz s i ne an d square waves i n

quadrature (+900) to the reference si gnals, and 20, 40 and 80 kilohertz

s ig nals  use d in some special systems as h igh fre quency cloc ks ; t h i s

board also generates the 31.25 hz timing clock.

The power su pp ly regulates the dc from the d eck un it v ia

the cable and provides the +12 and + 6 volts dc necessary to power the

Underwater Unit Circuitry .

Deck Uni t

The deck unit decodes the signal from the Underwater Unit and

provides analog and digi tal CTD data in a variety of formats.

The deck unit block diagram is given in figure 1.3(3).

The Demodulator is a phase locked loop decoder which converts

the frequency shift keyed data signal from the Underwater Unit into a

norma l h i gh or low state data stream . These data are ava i l ab le  both as

1 6 bit parall el and serial data in TTY format. The demodulator card

includes a circuit which detects a continuous stream of eleven or more

logic  “ones ” which occurat the end of each scan and from this generates the

— - - —- -- -~~~~~ - _ _ _ • __p - •“  -
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FRAME SYNC pulse. The first bit in each data frame is a zero “start ”

bit , and the FRAME SYNC pulse goes low when this signal appears , con-

trolling the basic timing of the deck unit. The BIT TIME counter counts

clock pulses from the finish of the negative going edge of the FRAME

SYNC pu lse and strobes external devices when a particular data word is

ava i l ab le at the para l le l  data out pu t.

The number converter board con verts the 16 b i t  b inary  output

from the demodulator board into 20 bit BCD for the display and the ana-

log output boards. Dur ing every half BIT TIME a complete BCD conversion

is done on the 16 bit data word . It is possible to multiply and divide

• by powers of 2 during this process to implement conversion factors so

the data appears in engineering units on the display . During the sec-

ond half of every BIT TIME the Number Converter i~ ava ilable to convert

16 bi t bi nary data from ex ternal dev i ces into BCD for di sp la y on the

deck unit. For example , salinity may be input from the computer and

displayed .

The digital to analog converter provides analog outputs con-

trolled by user selectab le enable lines for scaling. Temperature , for

exam p le , may be dis played at .25°, •50, 1
0
, 2°, 5° or 100 full scale.

As many as 12 var iables  may be d i sp layed , originating in either the

un derwater unit or external devices. 

~~~~~~~ -—— - • -~~~~~~~~~- - - -
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SPECIFICATIO NS

MEA SURED ‘/ARI~ BLES

Va ri a b le Ra nge Acc uracy Resolution Stabi lj~y~

0-320db +0.5db 0.005db
0-650db ~l.0db 0.01 db 0.l°~/monthPressure 0-1600db l.6db 0.025db
0-3200db ~3.2db 0.05 db
0-6500db +6.5db 0.1 db

Temperature -32 to +32°C +0.005°C .0005°C .001°C/mo
( -3 to +32 °C)

Conductivit y 1 to u~~ mmho +0.005 mmho 0.00 1 mmho .OO3mmho /nio

Dissolved Oxyqen 0 to 2 ~A + 2nA 0.5 nA
Current (Option 01)

*Fgr detailed desc r tht i on of per formance in the field , see Fofono ff,
Hayes and Millard , 1974 .

POWER REQu IREMENTS

Deck Un i t

105 to 125 VAC 50 tO 400Hz 200 watts
Fuses , Back panel 2 Amp , Acopian Supply (power down cable) 200mA

Un derwa ter Uni t

l OOmA constant current from a 50 volt supply in the data terminal.
Voltaae at underwater unit connector is 24 V + 10°’ at l flOma .

DATA FORMAT

Da ta telemetry

Fre quency shi f t key lo g ic ‘ 1 ’ is telemetred as two cycles of 10 kI~zlogic ‘0’ is telemetred as one cycle of 5 kHz , 2 volts peak to peak
max . (See Figure 3.1.12(2)

~ 

—
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Pressure , Temperature and Conductivity are qenerated as s ixteen
bit binary numbers ; for telemetry these are broken into 2 ei ght
bit bytes each of which is telemetred in TTY format wi th a logic
zero start bit and two loqic one stop bits making an 11 bit word .
They are telemetred least signifi cant byte and least siqnific ant
bit first in the following order.

FRAME SYNC
PRESSURE
PRESSURE
TEMPERATURE
TEMPERATURE
CONDUCTIVITY
CONDUCTIVITY
SI GN S
DISSOLVED OXYGEN CURRENT (Optional )
DISSOLVED OXYGEN CURREr”T (Optiona l )
DISSOLVED OXY GEN TEMPERATURE (Ootional)

SENSORS

Pressure

Standard Controls Model 2ll-35-44O ;350c~ strain gauge bridge ,
tube type .

2. Temperature

Platinum Thermometer Rosemount Model 171 BJ 20O~ 
(~ ?0°C

(l85.3c~ @ 0°C)Thermistor: Fenwa l ~GC32SM2 20OOr~ 
@ 25°C noninal.

3. Conductivity

Nei l Brown Instruments #B10086 4 electrode cell .4cm x .4cm.
x 3cm long. (see Section 3. 1 .4)

___  _  -



1. 4(3)

-*

I 100 --- - - -

•
~~~ 

CLEARANCE .
~~~~~ I -7 OC ’-~-

— - j~
(OlE 

~
-
~~~

)lA 
1212 

• j

_L~~~ 
MAX

I 

— 

•~
_ I

17-DO
-~---—-- 1750 MAX —

2700
MAX

_ _ _  

4 11 

~~~~~ 

•
~~~~~~

- 

1~T1i~~~ ±~ ±~
Dimension s in inches

UNDERWATER UNIT:  DECK UNIT:

Weight  in  air: 95 pounds Weight: 25 pounds
Weight  in water: 72 pounds Material : anodized
Material: l7-~ PH sta i n l e s s  s teel a lum i nu m
Maximu m safe working pressure : 7500 decib ars
Shock protection : rugged impact absorbing

stai n less steel guar d frame

I

_ _ _ _ _ _ _ _ _ _  _ _  A



2.1

CID OPERATING INSTRUCTI ONS

Deck Unit Con trols - See Fig . 2.1

(1) Replay/ Direct switch Selects data source - Direct is from

the sea cable connector , R e p l a y  is

from the tape recorder connector.

(2) Sea Cable R/N swi tch Reversing swi tch to invert signal

from the sea cable.

(3) Tape Recorder R/N switch Reversing sw~tch to inver t s ig nal

from tape recorder input.

(4) Pressure Range switch Sets the display to match Full Scale

ran ge of p ressure trans duce r .

(5) Audio control Swi tch and volume control for the

speaker a l low i ng aud i o out put of tele-

metere d data .

(6) Signa l Level control Adjusts the amplitude of the incoming

data s ignal .

(7) Phase switch Compensates for the cable phase shift.

~
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2. 1(2)

(8) V.C .0. control Adjusts the frequency of the phase

locked loop (PPL) in the demodulator.

(9) Display S/H switch Freezes display (Hold) or allows it

to change (~~~ple) at full data rati-.

(10) Analog Output switches

T C & P Selects Full Scale Temperature , Co n-

d u c t i v i t y  and Pressure co r respond ing

to the 0 to b y  dc analog si gnal at

connector J17 on the back of the

Deck Unit. T and C ranges are given

on the front panel; refer to Fig. 2.1(2)

for pressure ranges corresponding to

the switch positions.

(11) S/H Sarnpj~ / Ho 1d switch holds the analog

output or enables sampling at full

data rate .

(12) Power switch Actuates ac and dc power to all cir-

cuits.

Test Points

(
~ 

) Sea Cable Frequency Shift Keyed data Stream at

the input to the deck unit. Audio

S ~~~~~-— —- — - — — . - —  _~~~~~~ p 
°‘
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2-1(3)

signal , 2 V p-p maximum.

(14) 5 Dig ital Data stream in F.S. r~. for :~~t

after level adjustment.

( 15) Frame Sync Sync pulse , negative going edge is

synchronized with start of a data

frame for oscilloscope triggering.

etc.

(16) TTY Clock Clock running at 8 times the data

rate ; External input fo r  teleprinter

interface.

(17) TTY Data Data stream in teletype format: open

collecto r output (pull down resistor

required if the TTY interface is not

connected).

(18) Corn . Signal and DC common connection.

— —



2.1(4)

CTD Op~~~~ on

1. Connect underwa ter unit to sea cable termination. (See section 2.2.1)

2. Connect end of sea cable from center of cable drum to slip ring

rotor.

3. Connect sli p ring stator to deck unit cable. (See Section 2.2.1)

4. Connect audio tape recorder output from deck unit to tape recorder

if required.

5. Connect line cord to 105-125 V alternating current suppl y

47-400 Hz.

6. Set press ure range switch to range of sensor in use in underwater

j f l l  -

7. Set Direct/ ~~JHay switch to Di rec t .

8. Set Disp lay switch t~ S.

9. Turn P h a s e  ~ VCO contro l knobs fully counter-clockwise.

10. Actuate P ower switch.

11. 4’ ary Sj~ nal
__

Leve l control until associated LED is diml y li ghted.

• 12. Turn VCO control unt il two associated LEDS are on with equal li ght

intensity .

13. Select the Phase switch position until the intensity of the LEDS is

mm m ii zed.

14. When properly synchronized , the Frame Sync digital display word will

be either “240’ or “015” when Pisp]~y switch is in the H mode. If

not ,1) check for other positions of the VCO control that produce

equal lig ht level on the 2 LEDS , an d check Frame Sync word. 

“ 
- -
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2.1(5)

2) I f  not synchronized ,reverse Sea Cable R/N switch and repeat

the procedure .

15. The digita l display of Temperature and Pressure will now be readin g

ambient temperature and pressure and the CTD is ready to be l owered

into the water. To record data on an audio recorder , adjust the

signal level on the recorder and comence.

16. The audio recorder can be used as a back-up in case of malfuncti on

of a digital data logger or computer processin g system , or as a

convenient way to store raw data for later processing. To replay

from the Au di o Recor der , switch Replay/Direct switch to Replay

and proceed to set up Deck Unit starting at instruction ‘- lu be ’- 8.

L — 
~~~~~ 
- .•~~~.• --
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• ELECTRICAL CONNECTORS /CABLES

Underwater Unit

XSG -2-BCL connecto r.

Sm al l  pin Signal and +DC

Larqe pin Conimon

Mating Connecto r RM G_ 2_ FS

Dec k Unit

Sea C a b l e

A Signal and +D C

~ Sea ground

Serial flata Put

A l2V TTY data (open col lector

B TTL Level TT Y c lock

C TTL level  TT Y data

B Common

~~~~~~~~e Reçorde r

A Output to tape recorder

B Aux i l ia ry  input (hig h level)

C N. C.

0 Common

E Input from tape recorder

F

G N . C.

H N. C.

~

•

~

• •
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2.2.1(2)

Analog Outputs (0 to 10 volt )

A Temperature

B Pressure

C Pressure common

0
E Conductivity common

F Conductivity

G Tem pera ture common

H N.C.

Pa ra l l e l  Connections to Compu ter

See table in Section 5.2.7(3)

Cab le Requ i remen ts

A sing le conductor armcred cable is required such as

Rochester type 1-H-255



2 .2.2

SERVI CE AC CESS TO UNDERW A TER U N IT

Conductivity Cell and Thermistor Rep l acemen t

The sensor head is a subassembly that may be e lec t r ica l ly  disconnected

from within the pressure housing and removed for servi cing . The fast

response thermistor , platinum thermometer and conductivity cell are mounted

in the head in addition to the other elem ents of the thermometer bridge .

(temperature transformer , TI and Vishay resistor RE .) To remove Thermistor

or Conductivity Cell:

1) Lay the CTD Underwater Unit on its side with the sensor ar’~

vertical and the sensors at the top.

2) Remove the “U” shaped sensor guard.

3) Carefully remove the two socket head screws tha t retain the

sensor c lam pi ng p l a t e .

4) Wi thdraw the clamping plate along with the conductivity cell

and thermistor.

5) Exercising great care rotate the conductivity cell and

thermistor until the clamping plate may be removed by passing

the cel l  an d therm i stor throu gh the slo ts.

5) Both the thermistor assembly and the conductivity cell connect

to the leads v ia  elec tr i cal connectors to f ac i l it a te ra p id

replacement. It will be necessary to either install a pre-

ca l i bra ted car d when c han gi n g a sensor or else to recal ib ra te

the appropriate channel -

7) After cleaning and lightly greasing the ‘0’ rings with Parker 

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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2 .2 .2 (2 )

“Su per ‘0’ Lu be ’ the sensor head should be assembled in the

reverse or der , after purging wi th Freon gas.

~ 

~~~~~~~~~~



2 . 2 . 2 ( 3 )

Underwater Unit

To gain access to the underwater unit:

CAUTION: V -BAND CLAMP TOflQL’F ‘lUST NOT EXCEED 60 INCH-POUNDS.

1) Remove the top V-band clam p .

2) Use a 3/8 ” rod through the mountin g lug on the top cap as a

handle and stand on the guard cage S, remove the top ca~ wi th an

even , steady pull. Be careful of the penetrator connector

wir ing on the inside .

3) Disconnect e lectr ica l  connector on the inside of the top cap.

4 ) Place instrument on its side and remove the bottom V-band clamp.

5 ) Unseat bottom end cap seal by pulling f irmly whi le grasping

sensor  arm , and remove bottom end can and electronics chass is .

6) Remove card retainer by removing the s ix  screws on the card

rack.

To gain access to Sensor Head:

1 ) Remove Bendix connector between wir ing harness and sensor head.

2 ) Remove three screws that hold the sensor head to the bottom end

cap.

3) ‘- !ith bottom cap off remove transformer throuqh the upper end of

the sensor assembly wi th gentle pressure on transformer from

below .

L. 
~~~~~~~~~~~~

• • • •
~~~~~~~
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2 . 2 . 2 ( 4 )

The Underwater Unit is reassembled in reverse sequence . Inspect,

clean or replace and regrease ‘0’ rings; they should be lightly coated

with Parker “Suoer ‘0 ’ Lube ” . Before installing bulkhead transformer.

fill sensor head wi th Freon gas. Before instal l ing top cap, o u rqe

pressure case by filling with Freon gas. Attach V-band clamps and

torque to 60 inch -lb s .



2.2.3

SERVICE ACCES S TO DECK UNIT

Deck Un it

To gain access to the circuit cards and 0.3 Amp down cable powe r

fuse in the deck unit remove the six screws on top of the unit and

lift off the top cover. A standard Cambion Model 714-1100-01 extender

card may be used for troubleshooting and testing.

L. 
_ _
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2.3

TESTS & CALIBRATION

This section of the manual is to outline the tests and cali-

bration procedures necessary for users to check the calibration of their

instrum ents. In additon to a dc voltmeter , frequency counter and an

osc i l losco pe , it is necessary in performing the following calibration s

to have a platinum standard thermometer and Mueller bridge , a supply of

standard sea wa ter , (at least 3 ampoules ), magnetic stirrer , a Dewar

flask large enough to accomodate the sensor housing, a precision dead

wei ght pressure tester , and a well stirred insulated constant teu~pe ra-

ture  bath. Some independent method of measuring conductivity is also

desirable such as a Model CT-2 Temperature -Conductivity T ran s f e r ~tm n- —

dard .

Precalibration Checkout Procedure

The following checkout must be performed before pre-cruise

cal ibrat ion.

1. Remove the CTD Underwat er Unit pressure hous ing . (2 .2 .2 (3 )  )

2. Measure the voltage level s on the power supply; 36, pins

30-35 should be 12V -4-10,. Adjust the 6V line , Pin 20-29 ,

with the trim pot R6 on the power supply board to one half

of the measured b2V value within -‘- .01 Volts.

3. Check the frequency on pin B of the signa l generator 313;

it should measure 10,000 -iz + 20 Hz.

4. Check that the sine and square wave 10 kilohertz m- r f r r r nce s

_ _ _ _ _ _ _ _ _  ---- ~~~- -~~~~~ - - - 
--- ~~~-
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2.3(2)

sources are exactly in phase. The test circuit illus-

t ra ted  is required .(Figure 2.3(2)

5. With the signal generator still in the underwa ter unit

connect the test fixture to connector 313 as shown. The

dc output should be less than +5mV ; i f  n o t ,  a l  just the

ser ies-para l le l  tuned c i rcui t  on the si gnal generator

board as f o l l o w s :

a) Remove jumper labeled 37 on schematic and component

layout.( Figure 5.1.13 ; 5.1.13 (1)

b) Tune slug in transforme r- T1-313 to give zero output

-~-bw ’~ at output point on test f~xture .

c) Re p lace ju ner .

d) Tune sl uq in Li on 313 to give :er’o ~~i ’~V outp ut on

tent fixtur e .

e) Reseal tu n ing slugs in Ti and Li with R.T.V.

The signal unre • it rn i ) udm ’J is roe a ll m ed.

6. Procedure for ad justing the zero and bias controls on the

AC comparator , 37.

a) Remove all four sensor interface board s ,(J1-J4).

b) Jumper pin 12 to “15 on the conductivity i n t e r f a c e

back plane conne ctor 34.

c) With an oscillosco pe triggered from pin 31 on the

memory and oul tip l exer board , observe p in 5 on the

adapti ve sampling board (tinme base This/cm ,sensitivity

10 Volt/cm . Ic coupled . The correct waveform is the
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2.3(3)

lower s i g n a l  i n f i g u r e  2 .3(3). -;

d) Adjust the bias potentio nnter , P1 on the compa ’-d o r

to minimize the sinusoidal signal in reHion norked

e) Adjust the zero potentiometer P3 or the comparator

board until the region ‘A ’ becomes horizontal (as this

ad justment is made this reg ion will inc rease in len oth

to about I us).

f) The comparator is now set up and tOe zero and bias

potentiometers may be locked with R.T .V. or glyp to~ .

~peJ~~3J_re_Calibrat ion

The first step in the tempe rdture ca liUration is to ensure

that  the quadra tu re  from the sensors is milled in the interface circ uits

at 150 C. To do this , the sensors should be irijiersed in a well stirred

15°C +1°C temperature bath. It is important that the temperature of the

bath should not change by more than .0010C in a few seconds.

1. Connect the oscilloscope probe to pin 26 of the fast re-

sponse interface board , 03. The 10 kilohertz sine wave at

this point should be nulled using the quadrature adjust-

ment potenti om eter , P1 . on the fast response board , 3.

2. Move the oscilloscope probe to test point 6 on the •~C com-

parator board , 37 with tne oscilloscope trigcered from pin

31 on the memory and multi nlexer board , 310. ~et the

time base of the oscilloscope to 5 milli—seconds per divi-
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2.3(4)

s i an , a d  the v e rtical sensitivity to .200 volts per divi-

sion. The signal during the second 10 millis econds of the

trace should be nulled with the quadr ature adjustment po—

tenti arneter , P1, on the temperature interface board , ~J4.

~he adjusting scree on the quadrature potentiometer on the

fast res oo r ise  board (P1 on 33) should now be secured wi th

R.T.V. or glyptal. (See figure 2.3 (4)

3. ~her the te mperatur e bath is stable , note the temperature

on the deck unit disolay . Adjus t the quadrature potenti-

ometer , P1. on the tei qerature interface board to give a

two- th i rds “niximum output dun n the te ’per~ture period ,

observin o the quad rature si q ’r a l on the oscill oscope at

T °6 , 37 as He~~re . The quadratu re notent i ometer , 22 on

comparator 37 nhniml d now be adjusted to restore the tern-

perature value displayed on the deck unit as noted when

tOe temperature quadrature w a s nul led. The quadrature

potentiometer , P1 , on the Temperatu re interface board

should now be turned hoc k through zero until it is at two—

thirds saturation on tne other side of zero . The indicat-

ed temperature display should not have changed by more

than a few millide cirees from the value at zero quadrature

and two-thirds quadra ure in the opposite direction. It

may be necessary to trim the quadrature potentiometer. P2.

on the comparator to obtain m i n i m u m  variation in the dis-

played ternperat urr- when the temperature inter face quadra-
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2.3(5)

ture potentiometer is adjusted + 2/3 saturation; max . per-

missible error +0.002°C. Readjust potentiometer P1 ,37 by

criteria of step 2, then secure P1 ,32 and P2 , 37.

4. Cover the sensor assembly with fine mesh screen to protect

the sensor and develop a well stirred icr’ bath wi th shaved

ice and water. Immerse thc probe assembly and a platinum

resistance thermometer connected with a Mueller bridge in

the bath . The entire assembly should be left to stabilize

for at least one half hour before continuing the test.

When the ice bath has stabilized as confirmed by several

consecutive identical readings of the Mueller bridge ,

• adjust the zero pot , P2 , on the tem pera ture  i n terface

board , 37 , until the temperature indicated by the CTD

agrees with the Mueller standard to within 4.0010C.

5 . Remove the sensors from the i ce ba th an d immers e them in

a well-st i rred bath of water at about 30°C. When the bath

has been a l lowed t i me to sta b i l i z e , the Mueller bridge

shoul d be rea d severa l times an d the sens i t iv i ty po ten ti-

ome ter , P3 , on the tem pera ture  i n t e r f a c e  boar d shou ld  be

adjusted to make the reading on the CTD deck unit agree

with the platinum standard temperature to within + .O Ol °C.

To check the l i near ity of the tempera tur e c i rcu it ry i t is

necessary to measure several points in the well-stirred

ba th between zero an d 30°C , at least each 5~ i s recommen d-

ed. The maximum non-linearity should be less than .002°C.
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2.3(6)

After the calibration is comp leted , check that all the

potentiometers which have been adjusted are secured with

R.T.V. or gl yptal.

4Conductiv ity Cal ibr a t ion

Before starting the conductivity calibration the cell should

be cleaned by soaking for several minutes in a solution of 1 part saline

dissolvent (General ~heu’i ca l ‘-!Tf) to 25 parts of water. After cleaning

i ritnerse the sensor assembl y in a small beaker as illustrated in Figure 2.3(6)

taking care to ensure that the ends of the conduct iv i ty cell tube do

not come within 3/4 inch of the beaker wall. Fill the beaker with stan-

dard sea water of known salinity until the conductivi ty sensor is com-

pletely immersed up to the stainless steel mounting blo ck. Start the

magnetic stirrer , making sure that there are no air bubbles in or around

the tube at the bottom of the conductivity cell. The beaker should be

as well sealed as possible to minimize evaporation and the standard sea

water should be warmed before opening and allowed to cool slowly during

the conductivity calibration so that air is going into solution rather

than com i ng out an d formin g bu bb les wh i c h cause pro b l ems du r i ng the cal-

i bration. The first filling of standard sea water will almost certain-

ly be wasted by the time the air bubbles have been removed and the bath

is stable since evaporation will probably have been sufficient to cause

a si gnificant change in the salinity resulting in a faulty calibration.

Observing test point 6 on the comparator board , 37 and trig-

gerin g the scope from pin 31 of the memory and multiplexer board , 310.

L_. 
•
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2.3(7)

the quadrature signal during the 3rd lOms period of the trace should

be nulled by means of the quadrature potentiometer , P1 . on the conduc-

tivity interface board , 34. (See Figure 2.3(4)

Without disturbing the arrangement illustrated in the figure ,

stop the magnetic stirrer , remove the standard sea water fra n the

beaker by means of a small siphon tube , and refill the beaker with

fresh warm standard sea water. Several readings of conductivity and

temperature should be noted and the salinity computed with the equation

given in Appendix 7.4. The conductivity sensitivity adjustment P2 on

34 should be trimmed until the indicated conductivity agrees with the

expected conductivity for standard sea water at the measured temperature .

After this value has been correctly set , the measurement should be re-

peated with at least one more filling of standard sea water to confirm

that the adjustments are correct, This conductiv ity calibration is a

single point calibration: it is intended as a performance check when

sophisticated calibration equipment is not available. It should be em-

phasized that a temperature error of .001°C w i l l  i ntro duce a con duc tiv-

ity error of about .001 mmho/cm .; it is important to note temperature

values closel y during the conductivity calibrations.

Note : Salinity = 1.80655 x Chlorinity quoted on Std . Sea Wa ter Ampoule

Laboratory Conductivity Calibration

Clean the cell and adjust the quadrature of the Conductivity

In terface according to the steps outlined in the Field Conductivity Cal-

i b ra t ion p roce dure

_ _ _
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Zero offset adjustment procedure :

1. Set zero potentiometer , P3 , 34, to mid-range by observing

wiper with an oscilloscope and adjusting for null output

wi th respect to ground .

2. Measure two known conductivities at extremes of the range

(i.e. 10 niniho , GLI and 60 nrmhos , an d correc t measure d

conductivity fo r thermal e f fec ts  on the cell  us i ng :

GC t d  Gl d i t d  ( 1 t (1 - 1 5°C)

where c~ 
= 6.5 x io

_6 O~~l 
= coeff. of expansion of

alumina ceramic

OGL is the error at Cond . , GL

is the error at Cond., GH

Fin d .GH and .GL where tG ” Actual Cond . - Gcor rected
L inearly extrapolate these two values to zero and find in-

tercept. (error at conductivity zero)

-

Zero offset, A = •‘GH 
- GH ( G GH L

For exa mp le :

= .012 mrnho GL 
= .004 mmho.

if GH 60 mmho and GL 
= 10 mmho.

A = .012 - 
.O08 (6QL = .0024 .

-

~ 
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2.3(9)

3. Using high known conductivity adjust zero potentiometer ,

P3 , 34, to make intercept zero (i.e. decrease reading

by A)

Sens i t i v i t y  adjustment using high known cond uct iv i ty :

Adjust sensi t iv i ty  potentiometer , P2 , 34 , to make full

scale reading correct — m aking al lowance for tem oerature

depend ance of ce l l  u s i n g :

G Ind (1 - 
~ (T  - 15) ) = G known

P ressure Cal ib ra ti on

The following adjustments should be made in the sequence in-

dicated . As in the previous sections , it will firs t be necessary to

n u l l  the qua d ra ture s i gnal from the sensors. Test point 6 on the com-

parator boar d , 37 , should be observed using an oscilloscope triggered

from pin 31 on 310 on the memory and multiplexer board . The quadrature

s ig nal  in  the pressu re re g ion , the first 10 milliseconds after the trig-

ger , shoul d be n u l l e d by the same proce dure for tempera ture an d pres-

sure , by means of the zero quadrature nul l in o potentiometer , P3 , on the

p ressure i n terface boar d , 31. With the pressure transducer at ambient

p ressure , the zero adjust potentiom eter , P2 ,should be adjusted to cause

a zero reading on the deck unit. The dead weight tester should be set

to f u l l  scale , first the sensitivity quadrature potentiometer , P5.

should be adjusted , and then the sensitivity potentiometer. P4, should

be adjusted to cause the deck unit to display the correct full scale

read ing .
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2.3(10)

Several intermediate points should be checked to establish

the linear ity of the pressure transducer.

To perform the temperature coefficient adjustments , it is

necessary to remove the pressure transducer from the end cap and to

mount it in a special block as Figure 2,13(10)

CAUTION: PRESSURE TRANSDUCER TO~Q~J~UST NOT EX C EED 60 INCH-POUNDS.

°ack this block and transducer in ice and allow the temperature to sta-

bilize. After approximately one half hour , adjust the zero temperature

coef fi c i ent poten ti ometer , P1 on 31 , to bring the pressure reading back

to zero with zero pressure applied. The pressure transducer should now

be exercised to full scale using a dead weight tester as before and the

jumper links in the scale temperature coefficient adjustment should be

shifted to regain the room temperature full scale readings on the deck

unit. One link shift is equivalent to either .02 or .04% change de-

pending on the position of link on board 31.

CAUTION: PRESSURE TRANSDUCER TORQUE MUST NOT EXCEED 60 INCH-POUNDS .

Replace the transducer in the end cap, an d rea dju st zero and

zero quadrature , secure potentiometer adjusting screws . 

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

-
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2.3 (1 1)

OXYGEN CALIBRATION PROCEDURE

I n D t r l ~ ‘ P ’  r ings in 02 receptacle housing. Screw cap on the

02 receptacle housing and instal l  screw and ‘0’  ring in the side of the

housing.

Immerse the sensor housing in ice bath for several hours

until the resistance between the green and wh i te wires at the receptacle

housing has stabilized . ‘4ote value of res is tance 
~~ 

0°C).

Connect GR box to pins 23 and 29 of 
~2 

backplane connector ,

35.

Set GR box to R t O °C measured  a b o v e

~dju s t  T0 potentiometer ~ r’r +00.0 reading on oxygen tempera ture

displa y

Set GP Box to P t 2 5 D C  = 4 1 .2k .

Ad jus t  T 5 pot for +25.0 on oxygen temperatu re display

Rec he ck R t O C  and P~25 °C points.

~et ;et full y coun ter-cloc kwi se

A d iu st J~~ cw to just get 0.000 on D/L’ with no load resistor

connected.

Measure voltage , E , at pin 2 of AD580 to pin 29 of connector.

35. Note va lue as E

Using 800k • 0.1% load resistor between red and biac~ wires on

sensor housing. Adjust 02 pot to read ‘cal on 0/U.

‘cal = 000k:’ 

• - - . - ~~ - - - - ,- . ‘ -——~~~-~~-- -
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TEST POINT WAVEFORMS AND SE QUENTIAL TIMING DIAGRAM
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C I R C U I T  DESCRIPTIONS

Circuit Jack ~ Underwater Unit Part Number

31 Pressure Interface OOl—PC-O 1-2 3. 1 .1

32 Temperature Interface 002-PC-Oi-2 3.1.2

33 Fast Response Temp. Interface 003-PC -Oi.- 1 3 .1 .3

34 Conduct iv ity  Interface 004 - PC-O 1-2 3 . l .~
35 Oxygen Interface (Opt ional)  02 0-PC-O i-O 3 .1 .5

J6 Powe r Supply (U . W.U)  008 -PC-O l-O 3 . 1. 6

37 Comparator 005 -PC- Ui-i 3 . 1.7

38 0/A Converter 006 -PC-0i- l  3.1. 8

39 Digi t izer  Logic 007 -PC-Ui- i 3 . 1 .9

310 I- lemory ~ Mult ip lexer 0i0 -P C- O i- l  3 . 1 .10

311 Adaptive Sar iplinq C10009- 3.1 . 11

312 TTY Formatter ?+ FSK Modulator 01~ -PC-O1-l 3 .1 .1?

313 Signal Generator C10066- 3.1.1 3

C i r cu i t  Jack ~ Deck Unit Part Number Pane

Jl-J2(D) Display Card 016-PC-02-1 3.2.1

J3—J4(D) Num ber Converter 015-PC-02-G 3.2.2

J5 - J6 (D )  0/A Converter 0l7-PC-02.- 1 3.2.3

J7—J8(D) Demodulator 0l4-PC-02-1 3 ..4

J9-J10(D) Option Card 3.2.5

Power Supply (n.u.) OlP-PC-02-0 3.2.6

Chassis Mounted Circuits 3.2.7
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3 . 1 . 1

PRESSURE INTERFACE

Pressure In terface: The pressure trans ducer i s a 350 ohm

bonded wire strain gauge bridge (Standard Control Inc. Model #211-35-

440). Field and l aboratory experience with this transducer has shown

overall accuracy consisten tly better than -4- 0.1% of full scale (Typical

full scale is 6500 decibars).

Pressure Transducer Interface Circuit: The purpose of the in-

terface c i r cu i t  is to ma tch the character i stics of the sensor to the re-

qu i rements of the digitizer. The pressure transducer output is 2.5

millivolts full scale per volt of excitation , and the transducer is rat-

ed at 10 volts . To conserve power , the 10 kilohertz excitation is

l imi ted to 2 volts R.M.S. for an output range of 0 to 5 millivolts .

The digitizer measures the ratio of the sensor interface out-

put voltage to the reference vol tage , and full scale output (all “ones ”)

from the digitizer occurs when the sensor interface output (digitizer

in put ) i s  500 millivolts . Consequently, the trans ducer ou tpu t of S

millivolts must be amplified by 100.

For overall accuracy and stability , it is critica l that the

gain an d phase character istics of the the ac ampl i f i e r  be extremely

stable. Referring to the simp l i f i ed schema t i c , Fi gure 3.1.1 assume the

open loop gair (A0) of the feed-back amplifier consisting of T1 . A 1 and

12 is i n f i n i t e , and the feed—back from winding W5 is negat ive; it can

be shown by operational amplifier theory that the inpu t to T~ is zero .

The pressure transducer is shown as the Wheatstone bridge excited by

- --
-
-~~~~~ ----= ~~~~~~- 

—
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3.1.1 (2)

the 10 kilohertz reference voltage Eg. The output of the bridge is the

signal Ep. Since the input to T1 
n~, t  be zero ,

then C =

Rb
- C 1 R +a b

E 1 
= C 0

C 0 W 3 R ± R bso = 
?~5 ~~~~~~~

= closed loop gain.

Since the rat io of -/ - on T 2 and  the  v u i ~~es of an d R b at-c extremely

stab le  the closed loop gain i s  also extremely stab le .  Ra and are S102

Precision V ish ay resistors mounted close together on the inter face card ,

and  W , and are the fixed windings in a transformer , also a very sta-

ble quantity . A detailed discussion of the ac feedback amp lifier is

given in Appendix 7.1.

The stable 10 kilohertz amp lifier represented as A 1 is made

up of O~ , Q2, Q3 and Q5 with their associated components between trans-

former 11 and 12. The feed—back network is composed of the resistor

network P4, R7, R8, P20 and a quadrature nul l in g network , P5 and C-~.

Both in—phase and quadrature zero adjustments are made by adding sm all

fractions of the bridge excitation signa l Eg into the input of A 1
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3.1. 1(3)

through netw orks P2 , R6 , R2 l , P~ and P3 , C3 respect ivel y to cancel

f ixed o f f se t s .

To compensate for possib le nonl inearity in the pressure trans-

ducer , winding ~4 and res is tors  h4 and P5 are provided . By means of

the l in L Ji it is possible to connect the linearize feed-back ~-iinding ir l

such Ii IT inner as to increase or decrease the output corresponding to the

ikix imum pressure . In norma l use P5 is left open-circuit anj P4 is a

short-circuit. Unfo rtunately, the strain gauge pressure transducer is

sen sitive to large changes in temperat ore which the instru m ent will cx-

pet-ience as it. is l owered through the ocean from the ~or~~icn to tne cold

deep -.-~uter at the bottom . To compensate for this apparent pressure

reading caused by temperat ote , a temperature compensation circuit is

pr o-~-ided . The temperatu t-o of the pressure transducer is monit ored by a

thermistor connected across pins 25 and 26 of the interface card . Tee

teermistor is the var iab le  in a brid ge which includes the prima ry of

trans orrner, T3 , an d res i stor , Ri. This network is exci ted by the ref-

erence voltage Eg or n~lf of the reference voltage . Eg/2 , depending up-

on the position of jumper , JS. The voltage appearing across the pri-

ma ry of T3. therefore , is a function of the out-of-balance or difference

in resistance of the ther~ istor and resistor Ri .

Temperature compensation is made as an offset correction at

zero pressure , and a sensitivity correction at fu ll scale pressu re .

The offset is adjusted at 0°C an d zero pressure wi th “TC” potentio ~eter ,

P1; the sensitivity is corrected automatically by slightl y increasing

dr-creasing the transducer excitation as a function of trmpi ~rature Th-  

-- “ _iItJt :: - ~~~~- ‘~~~~~~~~~~~ - - -  -e - s  — .—,_ - - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - -- ---- - - - - --- - -  -. -
-‘I ’

3.1 .1(4)

sense m d  n tqn i  t u d e  o f  t h e  - o, - r ” c t i n ’  is det r ’in e d -, Jum i rr s JR an~

JT on T3.  Ad us t~ not o r ~he ~i opra ture co~-peri sa t i CII  i S  T1 ’ocr i  bed in

the test and c a l i b I - 1 t i n r ~ sec t ion , 2.3; these ‘s~ -~ roou i ’- a

sta ndard 0Cc1  O C  i Ie  bo t h

T-l e b ipo la r  o u t p u ts  ot  the pressure interface appear on wi ld-

i no s h and 3 on tr ansf or l -’er T ? .  By leans ~f Q~

1 and 06 in con ~unct i  ne

wit h ICl and res is tors  P18 , P19 and diodes CR1 , C R4 , CR~ md CR5 t he

anu l rclpr iate ou to ut is se lected and connect n-d to the d i g i n~ ze r at th ’-

appropriate t i n  during the d i q i tization cycle. The output transfo r~er

12 has a center tanped windin q ~-!3 — US. The center tip is connected ti

the analog coi~ion and outau t signals -FE 5 an d -E~ are connected to

~ -d tche~ Q4 and Q6 respect ive ly .  lCl exam innt ~Jn pressjrc- select and

si-un lines and nresents the appro nriate Si Onils to the diq iti m ’- rd~’’

tee control of the d ic i i t i zer  logic and ne-Cony and m u 1t ip lr~nr ci n-~~t t s.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~- - - ---
-—~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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3.1. 2

TEMPERAT UR E INTERFA C E

Sensor: The te mper - a t t r e  sensor is dual 100 ohm element ~la t i nu~
resistance ther mometer ma nufactured by Rosemount En qineering Co., their

model 171 — 83 .

Tem~p~~a t u r e_ tnter face:  The p latinui - theroneter inte r f ace C i r c L m i~

is essent ia l l y  the same as for pressure and is shown in s impl i f i ed

schematic , Figure 3 .L2 . The di f ferences are the form of t he sensor

bridge and the addit ion of a l i rear i7 inq ’ feed -hack si gnal .

The sensor bridge is m ade uc of the p l atin u n tho r-no rete r . ~~~~~ . a

precision reference res is tor .  and the two wi nd in g s, W8 and ‘ of

the br i dge  transfo r--o r . T~~p trans fo rmer bridge offe~ i several advant a - uL-u

over a conventional four resistor bridae .

1) It provides efficient matching to the signal source.

2) It has l ower output impedance , leading to a lowe r signal to n o i s e

ratio.

3) It requires only one precision resistor instead of three.

4) The ratio transformer arms i.-
~~~ and W C have essentially no ratio

error or drift w i t h  temperature or tine.

The platinum theroneter res is tance is 200 ohms at 2fl c ( 1? - F~.3 ~h~ s

at 0°C),  and sel f -heat ing e f fec ts  l imit the m axi m um rer nissiHe current

to lrnfl. In the plat inum the rmo ’- ’:trr bri dne , sensitivit .- - i s  greatest who-

is infinite ; since the actu al value of P~ is ten t imes the ~~
res i stance of the ther m ometer , the sens i t i v i t y  is a bo ut  °f l ,  o ’ the
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3. 1 . 2 ( 2 )

theoretical ma-~imun .

The res is tanc e ~ t t - ~perature charac te rs i t ic  of platinum resistance

thermometers is not perfect ly l inear , a n d  since RF is a finite value ,

the c u rt -ent through P~ and RT decreases wi to increasing ~ prr t tu r e an d re-

su l ts  in increasing values of 0
T ’  reducing the incremental o e i s i t i v i t y .

The temperature in ter face a - 0 ls  a l inear iz inq  voltage , EL. to the 10 1Hz

reference vol tage , Er,.

The addit ion of EL to the  generator voltage EG increases the

excitation voltage to the bridge as the temperature incr na ses , nega inn

the decrease in incremental sensitivity .

Combination of the platin um thermometer and interface circuit abc ~~~
-

result in a 10 kHz output of 0 to 500 milliv olts between 0~C and 32.767°C

to + 0.00151 w ith  long term s tab i l i t y  w i th in  0.OOE C per iea r. The

response time of the thermometer is typ ically 250 mil liseconds wh ile the

response ti le of the conductivity cell when mov inll throu gh the water at

1 meter per second is typ ically 25 milliseconds. Salinit y connoted from

the output of these two sensors alone results in “sa l in i t- ,’ spikes ” when

a sharp temperature gradient is encountered. Th ese ‘ spikes ’ can be

reduced by computing a temperature lag correction from a running average

of the two sensor readings , resulting in smoothed ’ sa l ini t - .- data.

To more nearly match the therma l characteristics of the temper ature

and conductivity sensors, a technique is used ~~i combine the hi qh

frequency response of a thermistor with the low frequenc y response of tne

platinum probe. These fast response thermistor circuits are described in

Section 3.1.3.

C i r c u i t :  Amp l i f i er A 1 is the discrete component ampl i f ier w i t h  input 

- - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ . -  - - 
j
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3 . 1 . 2 ( 3 )

r1Il~~fo rl-ler T ’  and outpu t t runs f o r - - or 13 . (A theo ret ic~il di SC I . S S  j n 0  of

th is  ainpli~~ier is f o und in appendi A 7 1 ) .  r d b , r l  r e s i s t -  ~~~ - 

~A ~
are for II’ed t — - , the resis t I - j r ’ n e t - - o r 1 P13 , P 13 , P 1 a n d  P3 .  Pr- - , i S t O r - 1’]

P3 , R3 ,~nj P2 per - m t ‘nrc adju t ent , 111 1 )iO C’ -i n t  urn is llnd II -~ inq

P 1 an i  Cl

The p la t inu m ‘co rmonieter , t I-o ns fn rl ler , 11 , a n d  r e fer e n c~ r ~is t o r .

R E , a r t - c ount ed in the sensor hea6 - T ur -n ~ ra~ in VP~’~-!C and ~~~~~~ res is t i  vo

ratio RE : (R~1 +R t2) dt 0°C is designed so t I lut  t h e  f - n - id -ne O u t ; u t  w i l l

zero at 01. To linearize the hni dq e output. , the 1 m e - tn zn ’ t- , i  r d i n ’~

is connec ’ed to increase the drive to the sensor brid ge with i r -c reas ine

temperature. The undulated 10 k b z  siqn~ l ic output to the di qi ti zer by

swi ’o h Q~ or 06 as con~r’H 
led by ri lte I d .  The center tOn of tht  ) O t n i l t

t rans~orner is connecte il to s i q n m l  common .

- - 
—--

~ 
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3.1 .3

FAST R E S P O N S E  TE~1PE PA TU P E I N T E R F A C E

S e n s o r :  The fast response temperature measu rement is done with a

miniature thermistor probe .with a 25 ms time constant , Fenwa l No .

GC32SM2 mounted on a ceramic paddle . Tills sensor is -used w i th an

electronic servo balanced bridge exc i ted at 10k Hz : the outnut from the

br i dge is precisel y zero for steady state conditions. However , whenever

temperature changes rapidly, the oresence of an integrator in the control

loop results in an exponentially decaying “error ’ si gnal.

With proper adjust m ent of an integrator time constant the response

time of the servo is made equal to the response tir ie of the plat inu m

thermometer , and the bridge amplitude response is adj usted so the “error ’

signal is equal to the lag error in the reading of the p la tinu nii

thermometer. The sum of these two siqna ls results in a 10kHz output

signal wi th the excel lent linearity and stabi l i ty  of the platinum

thermometer and the fast thermal response of the thermistor . An

electr ical analogy of this scheme is i l lust rated in Fig . 3 .1 .3 .

Fast Response Circuit :  The equivalent circuit of the fast response

interface is shown in Fig. 3 . 1 . 3 ( 2 ) .  Windings W 2 a n d  U 3 of transformer

Tl~ 
res i stor 

~F 
and thermistor “T 

form a bridge circuit which is

excited by a 10 kHz signal Eq across winding ti
1 
of transformer l~ .

- U n d e r  steady state conditions C 1 
= E

~ 
— Em = 0 volts.

A step change in temperature causes a step chance in the resist ar~- 

,
_ 

-- 

- 
- 

. - 

- 

-

3 . 1 .5 ( 3 )
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3 . 1 . 3 ( 2 )

of RT which causes to become non-:o ro. E 1 ampl i f ied by A 1 produces C0
which is synchrono usly det e ct c -cI  t - ~ The resu l tant  dc outpu from M2 ,

Ed. is appl ied to an int ,’nratnr A a’ i t t~ e output Ec drives one input of

mult i  pl ie r  ~t
1 ; the other input of ‘-‘ i s  Eq fro m wind ing W 4 o f t r a n s fo r’ nr ,

11 . The 10 kH output of N 1 , F ,  1-111 1 change so as to reduce 
~l 

to z e ro

at a rate det et~iined by the ga i n of the servo 1oop and the i n t egrat o r  t i e

constant. The rat e  t t  wh ich  is returned to zero is carefully adju ntr - -t

to match the response time of the platinum thermom eter.

A detailed theoretic al ‘It - scr in t inn is given in Appendix 7.2.

Fast Response Circui t  Eescr i pt i on :  1. - i C t r e  Fig . 3. l . 3 ( 2 \  w i t h scheno t i c

Fig. 5.1.3

A 1 
— is op amp 7’/l an j I  ~~SOC 1 t  - - cor ’np -)n ’-n -

12 
— ~S 1C3 , an- I it ’ associa~ - - c- - p r o ’- ’  s

A 2 — is 1C4 and i t s  associ a ’- co-- porten ts,

R - is RO and C is 12

1C2 / l 3 inverts the O t t pit  0’  IL-,, R . C m i  -i n non pi e r ’n ’ ’ m ry

outputs tn drive

Set up i n s t r uc t i o n s  r - -  thi s cir - : - , i f ir given in ~ec t  ion 2.3.

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

-

- ~~~~~~~ -- -

-
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3.1 .4

CONDUCTIVITY ENSCR INTERFACE

The CTD has a miniature four electrode conductivity cell for

meas uring sea water conductivity - This type of sensor has the carticu-

lar advantage that conductance (defined as the ratio of current through

the “current electrodes ” to the open circuit voltage at ~he “potential

electrodes ”) is independent of polarization impedance effects. These

effects are due to electro -chemical reactions at the electrode ~‘.-lec tro-

lyte interface and are very dependent on surface cleanliness of the

electrodes and other factors which make a simple two electrode cel l too

unpredictable for high accuracy measurements . Unlike an inductively -

cou p le d ce l l , the four electrode cell can be readily scaled down in size

without loss of accuracy due to e lectr ical  problems . However , since

conduct iv i ty is a function of conductance and cell geometry , it should

be noted that a small cell is inherently more sensi t ive to the effect of

deposits on the cel l  wal l  simp ly because a gi ven thi ckness of a deposit

represents a larger fractional change in apparent cell dimensions .

The original cylindrical cel l was observed to drift at an in-

creas i ng ra te , with the initial rate typicall y equivalent to .0001 to

.0005 parts per thousand salinity per hour of immersion (Fofonoff , Hayes

and Mil lard , 1974). This drift is believed to be due to  calcium and/or

magnesium carbonate deposits on the inside surfaces of toe ceramic struc-

ture . A 0.00002 millimeter deposit on the 2 millimete rs inside dian-te -

er of the microst ructure cell causes an apparent change in s ôl ini’ y o~

approximately .0008 parts per thousand (for S = 35 p p t )  due d n ti ’~~~

_________________ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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3.1.4(2)

to the ap pa rent  change in the ins ide diamete r of t ft€ cell . This tcl te n t

is reduced by a factor of 4 in t ii -- jr - ’ te r - t l purpose cell now S t l r c i l r d  on

the Mark IIIh CTD and calibration is re stut- e’~ 0/ soa~-ing tH- c e ll in a

solution of 1 part -6enrral Her ic~ l Co . L-iline ~~~~~~~~ d i1~ te: wi Th

25 parts of wat t ’ ’ - , t~~~~
- a n,o -i ci i  niutes.

Figure 3.1 .4 shows a cut-away view or the four e lr-c ’ - l e  con-

ductivity sensor no d an equivalent electrical cm -c u ’ of t O t -  cell. T,-,o

of the four electrodes are opposite each other on ttl - inner ~.u - I o~ a

.4cm square ceramic tube 3 cm long. The other two elect rod e r -nrc- c ount-

ed ex tern a l l y on the stem; tour elect r-ojec are in the S d ce  p lane norma l

to the ax is of the sensor. Th is geometry has the advantage of being

relatively insensitive to appar -o t changes in position cf  the electrode s

due to non-uniform contaminatio n . This can be seen f rom FiyL ~re 3.1.c (2)

which shows the currc-nt flow lines and the resulting egui ro t or itial lines

in the tubular section of the sensor head. Equipotential lines in the

vicinity of the “vol tage ” electrodes are essentially parallel to the

“vol tage ” electrodes , i.e., the longitudinal potential gradient is very

small. Th is means that a small apparent change in position due to non-

uniform contamination would cause neglig ible changes in voltage at the

“voltage ” electrode. The symmet ry  of the external electrodes and their

wider separation result in even greater i miunity to this etf ec t .

Refering to the equivalent electrical circuit of the cr 11

Figure 3.1.4 , imp edences Z
1 

throug h 24 are the polarization impedances

at each electrode -electrolyte interface . P1 and P2 are the sea wat er

path resistances from the  “current ” e l e c t r o d e s  to  the points in the

- _~~~J~~L. ~~~~— - 

-~~ - -  
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3.1.4(3)

electrolyte sea water , paths hav i ng the same potential as the “voltage ”

electrodes. R
~ 

represents the remaining sea water path and is measured

by observin g the r - t t io of the open circuit  voltage across the “volt aqe

electr odi s I ,~ and ~2 
to the current through the “current ” electrodes

C 1 a n d  C~ .

E
R =

~~

SO C = = 

E
C = conduc tance

w c

Therefore the conductivi ty C is given by

C = K = KGw

where K = cel l constant , dependent on the physical dimensions

of the cel 1

Conducify j~terface Circuits: The conductivity sensor ii-

terface circuit shown in Figure 3.1.4(3) consists of two feed-back cir-

cuits . The first consists of the four electrode condu ctivity cell , trans—

formers T
1 

and T2, and high gain feed-back amplifier A 1. The input si g-

nal to A 1 through T1 is the difference between the 10 kilohertz input

reference voltage E~ and the voltage across the voltage electrodes V 1
and V2 of the conductivity cell. Assuming A 1 has infinite gain and the

feed-back is negative , then the voltage E
~ 

will be exactly equal to input

- - ~~~~~~~~~~~~~ - - - - - ~~~~~~~~~~~~~~~ — - --‘~~~~~~~it- - - ‘- : -
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3.1.4 (4)

reference E~ . since

E = I R = E .
C C W 1

R
~

= E. C
1 W

-t

where conductance of sea water path.

The cell current I is applied to the input trans former T 3

of the second feed-back circuit which consists of T3~
, A2, output trans-

former T4 and feed-back resistor Rf. Negative feed-back throug h A2 and

T . w i l l  r e s u l t  i n a f eed bac k cur ren t I
~ 

through wind ing W2 on T3 such

that

t f W2 
= ‘c ~i (W 1, W 2 on T 3) and I

~ 
- T c ~~~

now E~ = If Rf

~~c 
Rf (~~~~~) 

but 1 c = = E
~
G
~

w
= EiGW Rf ( ç~

) if = gK,  then

~J E
E0 gKE~R f (

1) = g KR
f ~~

E
therefore -

~
-
~~

- = gK 1

IN - - -
~~ 

~~~~ ~ t -~~~~
- - - - - - - 

-
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E
therefore E. = 

~~

W Iwhere K = KR f( - , a ci r~uit const cn nt.1 W 2

The rat io of the conductivity interface circuit t A t f l u t  volta~ c-E
to input reference vol tage , ~

-
~~

- , Is proportional to the conductivit y , g,

of the sea -,-iu ter inside and immediately around the conductivity cell.

The current source A 1 which drives a current through the c o n  -

d tu ct i vit v cell in order to generate a - -.oltage E
~ 

equal and opp osite to

is made up of the components labeled “Conductivity to Current Con-

verter ’ between transformers Tl and 12 on toe Conductivit y interface

schematic. The current that is driven through the cell also excites

the primary winding of 13. A second ari p lifier A2 labeled “ urrent to

voltage Amp. ” is made up from the components between transf c rmers T3 and

T4. The plug — i n feedback circuit Rf is a very stable resistor n net ~-~or~.

made up of components P2, PlO, P1 1, and Rl7, and deten ’ires the ther c-~~i sta-

bil ity of this interface. Zero offset and quadrature errors a re c u l led

using potentiometers P1 and P3.

Unlike the Pressure and Temperature circuits the outpu t of the

con ductivity circuit is unipolar , and the analog gate is selected by the Se-

ect conici -~ct iv ity signal independent 0~ and 
~~~~~

. the si gn si gnals.

—- — .-- — a . .  ~~~~~~~~~~~~~~ . 4 - -  ‘~~~~~~ ‘~~ 
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3.1 . 5

OXY C7i I ~T E PEACE (n i l  I UNti L

0pt iona 1 l ~~. ‘ c ’ , - ‘-~c i r LiII b CTD/0 provides an elect nical interface

to ‘ n. Beckuo c o a lan - i q . -a ph ic dissolved oxygen sensor (Beck --an p / r i 147737

sons- i ’ - . p /n l ’P1 ’~ sensor ruceptacle assemb ly). By means of tH IS

t n - c e lec t  ro tc -~e - ‘ t  - -me cur r’ i t  an .l sensor  thermi stor outputs are

di qi ioec and a~ - 1 -f he CID serial  data stream . Sensor membrane

current is ; - re sen ’ ce i  -~~
‘ 5. 11 scale value of 2 047 A and 12-h i t

reso lu ’ ion , ~-~h i l e  ~~-r- ~hc-rn ’-is tor outp ut is linearized and offset to al lo - ,-;

resolution of approximately 0.13 degrees C. Temperature infor m ati on is

pre sented as an U-bit sinned binary word hav ing v o l u e s  between — 1 5  and

-t- T4 l corresponding to twone ra t u res  bet~- -een - l .5’ and =° i .8 d e ct r o es C.

Snth 02 membrane current and 0,-, ther ’istnr resistance are as-cra ned ho

the elec tronics for 1.024 seconds.

Txy q e n Sensor :  The Beck in oxygen sensor is polarized a t  0 .8 1v  + 0 . 02 v

by the Mark Ili b CTD interface electronics. The C9 dependent sensor

current is digitized by means of a current-to-frequency converter , toe

c-ut put of which is counted for l. U2~ seconds. The counter o u t p u t  is tb .o

a binary word with a value propor t ional  to sensor current. The ten ’

dr i f t  and l inearity of th is conversion are maintained wi th in  l/ 2  LS5 .

The co in accuracy, i.e., full —scale current , is maintained + 0.l’. ~ l0Dopm ,’

degree C. This is sufficient to hold errors in the electronic s an or d e~’

of magnitude below sensor unce rtainties.

Other full—scale cur ~-r’nt ranges for membrane current ray be chose ’

by making R5 = 2.5/t a where I s is the lesire -1 full - sc ale. 05 shou ld he

-- - ---~~~~ 
— — - 
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3.1.5(2)

a t .-pe ~.:E0C o~ 1 val or - nearest the calculated resistance.

JE ‘P RAT t,E t f _ Beckman ei so n r r c r ’~ t~ cl e assembly inn n o

u th -rniistor w hich ollow s on app rox irint e det e rmi nation of the internal

- t e snhn - -~ne temperature . The Mark Ilib CTD inter face e lect ron ics r~rov ides

- tn 8-b i t  di g i t ica t i nn i  of thermistor res is t a nce .  The accu rac y  of this

conversi on is such that an absol ute deter” i n- it i  on of thermi s to r  r ’ s  i stance

to wit h in 1 part ii 28 may be obtaine d by means of the fol l owing

relationship:

P = - - -‘ - -  - P where ° is thermistor resistance at Tt n x ± h  5

m ~ b are calibration constants

x is the binary output of the
temperature channel , - - -ith sinn

R is the value of a resistor sed
to optimize the temperature
channel resolution and linearit y

The calibration const~a r ts nay be deter m ined as follows :

1 1
m =  RT

+ P  RTO + R S
240

b =

To S

where RT is the the rmisto r resistance at 3U.7? degrees

~To is the ~heri’~is tn r resistance at 0 degrees C

is the linearization resistor define l above

The value 240 in the equation for m represents the difference between

thr’ digitizer outpu t -it 30.7? deq . and zero . The ,n ’uthor s qenPratn

a table of P-I val ue r ; for each sensor by making three accurate meas urem ent’- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ —-—-
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3.1.5(3)

of thermistor resistance (~ f Q~~~ 1q’ ) at three te i-ne rat ur e - -~ (appro ~ i m i t e 1v

0, 15 . and 27 degrees C , absolute value within 3.01 degrees C) . T t- - ’e

va lues de t e n-~:ine c oe f f i c i en t s  ~-nn- i second order n-~ponent ia 1 e q u a t i o n

-.‘uhich fits the ranne -2 to ±31 decrees C t-: i t h i n  0.001 5 dc-or ”es C . Th-

equat ion qener asc- - - a tab le of P-I va l ues  spannin c the c a l i n r a t i o n i

range of the interf ine . The electronics is then cal i~ r-ate d w i t h  a

precis ion (÷0.01°’) resistance decade box simulation of the tabulated

thermistor res is tance  values .

The bina t-y output of the temperature channel is muit inl ied h-i

and -d ivided by 1 000 i n the CTD flata Terminal nut -he r converter . This

res ults in a d ispl a y ed temperature range of -1.9 to  +39 7 -deprees C.

The temperat ure channel is ca l ibrate d by adjust ing ihe interface

electronics at a and 30.72 -0oq rees C .

The ca:~inunri deviation from predicted temperature is aeerox imatrli

0.25 degrees C , with zero error a~ 0, 30 7 and hal f -scale.

D ata _ Format: The 02 membrane current is represented as a 16 bit word

u-,-i th the 4 most signi ficant bits unconditionally set to zero . The B

least significant bits are available at bit time 98. while the B most

significant bits occu r at bit ti- il e 109 . The temperature channel output

is the B bit wo rd occu i-r inq at bit time 120. The 0., temperature sign

is the third least si gnificant hit in the sign wo rd . The sign word

occurs at bit time 087.

Power su nn y : Transformer Ti and diodes Dl throu gh fl~ w i t h

trans istor Ql ~nrm a floating d .c.  power supply nerniitting the oxygen

sensor to be powered without forming an electrical path to the CTD 

~~~~~~~~~ ~~~~ ,-~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —---- -
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h o - i- j og. Ti I lo g ic signals hr’t t,- ,en the d .c. diqitiz er and the re- in Ir’ r

u f  the CTD circuitry are s inn ili a rl , ac coup led. Th is power su r-p l y

generates aon ’-o~ ima~m-l y 10 volts a -:ross the diode hri dne .

dx yq en Interface: The r’ - -~ cj e n  in te,-~ace c -ns is t r . of two tin d in ti ‘ens ,

one 1’ h i t  and one hit - These d igi ti ze rs operate on ’ a c ha r - cc-

ta 1 -an- i ng t e oh n  :rue - “- r ou n ’ cC r stores the numb er o~ pal se of a ~ I ~e1
f reguency wh ich are required to  urod ince an a - .-e rc ge current t hrnun 1- a

s t 1 ye networ k so a’; to exact l y balance an ;nn~ n— ~on cur re nt for a

n i- it ’ ; samp l inc time (l .0?l seconds). Con~roli ed rC fe re nce  vo lnqe is

ap p lie d to toe po lan’ -c r aui ic oxy pen : sensor and a th ern -is to r. The resulting

currer ts ‘.-ihi :h are a funct ion of d i s s o l ve - t i  oxyg en and celscr membrane

t e m pera tu re  arc i n p u ’c to t re  digi t izers . The d m 1  t i  ~~ cuS p - ut is a 12

h it  d i g i t a l  number propor t ion al  to the cu~-t-ert between the pc-la n -arm -hic

sensor electrodes - -ubE- r a tic reference -.- ofl ~ o is app lie d to t’~ee . Tn~

in ter f ace a ls o  di q itizes to B bit resolution the ce rrent thro ugh a

ther m istor in the same sensor assc - -- ;hly when the same dc reference vol tage

is appl i ed to it , These t w O  numbers are used to compute d isso l s ed

o~ vprn by an ,apnrnpr ia  te algo’- i thr i -

fl oo ration al am r-l ifier 1C2 is wireti as an ir~tegrat inq c n - ; r s r -a tOr

which hala ~ c~ c She 02 sensor current an — 1 the average cu rrent  t h ro ugh

res i s t e r ,, ~5 and P1 - fl ut~~- i t  P of fli p - flop 105/i is initiall y set

low act the cu’--’-nnt source for P5 and P
~ 

becomes the ne5 ,a t i ye sunial v.

-lir e the ave ra ir - - c ’ u ’ rent from this r ) ~~ , ç p  i s  su f ~ i c i~- nt to null tm-

int eg rate d input ‘c -c the comparator rhen P of 1C5/l is set hi’3 h and

the curren ’c in R~ aol P1 is swi tched of f . T hr length of t~~
- - ”  d r i ’ i n n

which the ciu rr o n ; t source is the neg ative sunol y is ine,isnred by qa t in n

_ _  _ - - - - - - - - - ~~~~~ - -  - -
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3 . 1 . 5 ( 5 )  

1

a -i khi clock into counter ICU u-~it h 0 u ’ 1C5/l . ~ t i e  - - a  ~i --- u r ’ ;  senso r

current is flowing then 1) of IC 5/1 - - il l ] he tn-ic for t~-e en t ire 1 .02’2

seconds sensor averagi n ;’~ t i r e pro d u c i n g a maximum outpu t of 1096 counts

wh i c h  i s d i sp layed as 2.1-1 13 4.

The teripera ’mure digitizer (led , lC5/13 , 1C4/l3 , IC~/12 . 1C6/5 
- , 1-C ,

IC l l /l3 ~ 10 ,) behaves in the same ra nn i er , p~ cent t h~ zero is offset b y

summing a steady current fm -- P6 . P7 and P2 into the integrating

cou-rparator , IC3 . In this case the maxim um count t - i i il be 156 and a

250 hz clock is used . To provide bipolar output capability the c i rcu i t

is arranged so no current flows throug h the thermistor at -l.Y . The

qated counter in this case combines a presetable count-down/count-up

counter and a binary counter. Initially the un-down counter is set to

15 in the Count down mode; when this counter reaches zero it is set to

count up and the sign bit is set positive. 0verflo~’ from the cou n coc

is counted by the binary counter. The temperature channel has a mini ;u-t

count of — 15 and a maximum count of 2Li l and is displayed using El5

e n a b l e  : i~~~: the oxygen temperature is displ ayed on the deck unit over

a range of -1 .9’C to +30.7C.

I C7 , 1C8 , ICl i /l , ICl2 and ICl3 control the timing of the

data t ransfer into the telemetry register.

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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3.1.6

POWER SUPPLY - U NDERWATER

The input to the underwater unit power supply is unre gulated tic froc

the deck unit which a zener diode mounted on the underwater unit card rac~

end plat e limits to 22 volts . The regulated outputs are a low imoedance

12 volt ÷ 5 supply with current limiting at approximately 120 ‘c~ and a

6 v o l t  supp ly which is ad justed by a potentiometer to be equal to one-

half the nominal 12 volt output + .01 volts and current limits at

approximately 40 mA.

Transistor Q3 , diodes CR1 , CR? , CR3 and resistors RiO and PlO fo

a constant current circuit which turns the da rlinqton pair Q4 an d 0 5

hard on. The 05 collector current flowing throug h CR5 and P15 gene rates

a vo l tage across P 15 wnich turns on Q7 c a u s i n g it to pass current fro m

the constant current source and adjust the zener current of CR5 to

approximately 3niA , The co l lec tor curren t i n ~?5 is l i m i t e d  to about  l2 Om A

by Ru and 06. When 120 ni4 is flowing through Rll , 06 turns on causing

Q7 to conduct more current and starve the base of Q4 , The maximum

ava ilabl e 12 volt output current will therefore be 120 mA less the 3mA

zener current and equal to 11 7 mA.

The output vol tage is the sum of the CR5 zener voltage and the

vol tage d ro p across Rl 5 or 12 .3 vol ts , + 10°.

The 6 volt supply is generated by regulator ICl . The level is

adju sted by variable resistor , R6 and f ixed resistors , R5 and P7. The

current l imi t  is set at 43 mA by resistor RY.

IIF ~~~~ tL  - -  —- -_ -__
~~ 
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3. 1 .6(2)

Transist Ors Qi and Q2 with their associated resistors and diode

perforr it no function in the standard Mark Ilib CTD , hut are use d only

,-i h on the system is operated wi th a battery pack; 01 is normally repla ced

b y the jus tine indicated by a dotted l ine .

- 
- ~~~~~~~ 
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3.1.7

AC C Ci’~P AR AT 0R

The purpose of the AC c a c p a r a t n r  is to detect if the 10 ~lz D/T

output is greater than or less than the sensor interface signal.

Referring to fiqure 3 .1.7 , assume initially that E5 and Ed are exac t l y

in phase and that Eq 
= 0. The input 

e 
to the com tara tor is the

difference between E5 and Ed and will be in phase or l80~ out of phase

depending on whether E5 is -lreater or smaller than Ed . Ee is ampli fied

by T 1 and , and detected by -

~~~ 

. The resul t ing dc sig nal is fur the r -

a m pl i f ied  in A ? and then appl ied to the inp’it of a ‘f in i te  time ”

integrator consisting of 
~~~~ 

P1. C 1 and reset sn- i tch S~ . S~ is - u- rer :tari iy

c losed , re-zeroing the integrator at the b e g innin g of each clock pulse

to the logic module. The dc error si gnal inc l u ’d in r i rando - noise at the

output of A 0 is then integ rated for the remainder of the c lock period and

the resulting output is then inter preted by the logic as either ‘h i ~ or

“ low ” . The ‘finite t ime ” integrator is thus used as an optimum filter

having no mem ory of the error signal during the previous clock period

so its response to a very small error signal is not impared by havino

been subjected to a large error signal durin o the previous clock period.

Initially we assumed Eq was /ero and that E~ was exactly in p h a se

with Ed . In reality , there is usually a small phase difference between

E
5 

an d Ed due to a small quadrature component in the sensor signal [~~.

The in-p hase detector D1 theoretically should not he sens i t i ve  to a small

quadrature component. However , if the quadrature component is large

enou gh D 1 can saturate causing non -linear operation and errc-r.

4ny quadrature component is detected by the “quaci r ture ’ de t oc tu r
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3.1 .7 (2)

which is identical to D1 except that i ts reference. E
qr 

i s  phase

shif ted 900 . The output of is filtered in a second integrator

consistinq of R,,, C2 anti A~ . The filtered output is then aop lied to

one input of a multiplier t
~
1
~ 

a seconci input to ‘1 is a 10 l I Z  s ine

wave shi f ted 90° p ro-- the sensor input C This “eons that the

resulting outp ut f ro  :1 is at 900 or 170° depending on the po lar i ty

of E .  The closed loop consis t ing of T
1 , 

A 1,  D~ , A. , and T2

automatically balances the quadrature component of Ee by ‘ rn~ ing Eq

exactly equal and opposite to it.

Co m pare f ig. 3 . 1 . 7 with the detafled schematic fig. 5.1.7

is op amp IC1 /l and assoc ia ted  components

D1 is op amp IC l /13 and associated components (see appendix 7.5-)

is op amp 1C2/l and associated components

A 3, R1, C1 - finit e t i me inteqrator - is op amp 1C3 , Ri g , C7

and other associated components.

is op amp 1C2/l3 and associated components .

A4, R7,  C2 
- finite time i n t e q r a t o r  - by op amp J~ 4 , R32 , ClO and

other associated components

- multiplier - is 1C5 and associated components

S~ - Comparator reset switch is implemented with 1C6/lO .

Examples of typical wave forms for the comparator test points are

included in Section 2.4.
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3.1.2

DIGITAL TO ANALOG CONVERTER

The digita l to analog co nve rter i s a digitally controlled ratio

transformer. The precision of the input to output ratio is better than

1 part in 10~ , an accu racy which is unattainabl e using conventional

current summniing converters . These devices are subject to - r 1 c r-r t si nt i r- s

caused by finite switch resistance and imprecise resist rrs hd v i n 5

significant temperature coefficients and lonq terr- drift.

The theory and pract ice of precision ratio transfo m -- ers is

w i d e l y documented and w i l l  not be discussed here except to note that

the use of very hi gh permeability cores (e.g., Super nim al loy ), proper

selection of operating frequency , winding geometry , and shielding etc.,

result in transformers having output vol taqe ratios preci sel y

pro oortion al to the turns ratio s. In special cases the orecision can

- Bbe as high as 1 part in 10

Each of the three tr~nsf er-ers T4, TB and Tc have a 16 . B. 4, 2 rn- ti
1 tu rn winding s , i ’ - . , five binary stages. T

~ 
has an additional 1 turn

winding with a resistive divi d er to provide the 16th binary stage (LSB).

A 5-turn winding on T, drives a 160-turn winding on T0 givin ci a 32 to

1 reduction from T A to TB. Sim ilarly, a 160-turn w in d ina on Tc is driven

front a 5-turn winding on TB.

Each switch S1 throug h S16 i s single pole -double throw and is

implemented by a pair of FET ’ s. One swi tch of each pair is turned

“O N” or “OFF ” directl y by one line (Q 1 through Q 16 ) from the loqic

module while the other is turned ‘OFF’ or “ONe by inv ertinq the logic

output.

—-- -
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3.1.8(2)

Experience wi th this type of AC D/A Converter has consistently

shown very nearl y idea l performance with to ta l errors less than 1

least significant bit and no detectabl e drift.

The digita l to Analog Converter olays a criti cal role in the

accuracy of the digitizer section of the CTD , shown in si rp l i f ied

diagram Figure 3.1.7.

_ _

~
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D I G T T I~ EP LOGIC

The dig itizer logic circuit uses t~otorola successive Ippr K im ~o 0ien

mcc i stems and is in a 1 oc’p i nd ud i nu a fl /n con 0-”-t e r end a r Dolt- -: ma t - ‘ to

generate f r om a g i vets input signa l a hi ear ,’ ru- -her wIH ch p r - -: i sri y

represents toe in p u t sig n al.

fli q i t i~ ati on is initia ~” I by a ‘ START” on m a n d to ~~ bE-- l og i c ~- odu1 r-

causing S to be set “hiqh ’ an S thro ugh S to b~ set low ’ The0 1 lo

A /C cg’ooar-itor -:o r,ores thg analog output from the B ‘0 converter E
~ 

n-t i t~

the sensor output vol ta-in E5 . If E~ i s  sm a l l e r t han E d .n:i tb S. th ,-ouob

S16 l i - i . Ed 
equals zero anti the co’--rara~ nr ori t rut E coes l ot-i . -‘t t’- e

next cl od pulse S 0 is set “ low ’ , indicatin g ci r e -mo tive S i r  an -ti --ev or-r in o

— p o l a r i t y  of E
5
; S1 

is set “high - If is lan -per th ami Ed . 
~c 

goes l iOh

and tnen at the cloc - pulse S
0 

me ins ‘h igh ’ and S 1 i s set “high” . This

seque nce is repeated u ntil switches S~ t hro - rie S16 have bee ’- se t b y  1-oc ic

outputs Q 0 thr-~urh 0~~~. ‘~t t h is  point the ~nsa log out put  ef th~ 0/0

conver te r E
d 

is equal to the sensor outp ut E5 . The binary output is

represente l by O he se t t i ng s  of 00 
thro ugh

The Motorola ouccessive approximation renisters (S P .) are lfl -

1C3 and the ti -- in 9 di agr am for them is shor n in ‘~iq . 3 .1.~~.

1)  -
~ “may er reset” (tI . R. ) pulse w i l l  cause a l l  o- ’ m - 

-

2) A ‘ start convert” (S.C.) pulse w i l l  ~~~ ‘ b -  - r .

the succeedin g clock p u c e  n-till s a’- ~~~~ ‘

approxi mation -

3) The firs t cloc - pa cc ~-~ ‘s °
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3.1 .9(2)

4) The next clock pulse leaves Q0 high or not , depending upon

state of 0; and unco nditionall y sets Q1 high , etc.

In the digitizer logic circuit two of these devices are cascaded for

16 bit di gitization.

An extra stage to the S.A.R . which determines the sign bit is made

up of 1C5 and 1C6/l3. Flip-flop , IC6/2 generates the waveform

which tells t he memory and mul tip lexer to select the next analo g chann el

for digitization. Registers 1C2 and 1C4 are part of the long telemetry

register; following the third digitization in any frame , the conductivity

value will be strobed into them. 

_
~~~~~~ •~ _ ,_ ~~~
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3.1.10

MEMORY AND MULTIPLEXER

The sixteen parallel outputs of the successive approximation

register on the digi ti zer logic board are connected to two 4 by 8 bit

memories. At the end of each sampling peri od the data on these lines are

shifted into memory in one of four locations. At the end of the frame

time the data are moved out of the memory and into a set of parallel in-

put serial output telemetry registers for coding and transmission up the

cable. In addition to providing buffer memory this circuit also controls

the multi plexing of the three analog channels into the digitizer.

The timin g of the samplin g process is con trolle d by the si gna l

generator . A positi ve trans i ti on of the 31.25 Hz square wave caus es

V the ~ outpu t of the ‘finish’ flip flop ’ to pulse low for about 300 ~i5 .

The posit ive transition of this READ MEMORY line causes a ‘start digi-

tize frame ’ pulse to be genera ted in the Teletype formatting board . The

delay between a ‘READ MEMORY ’ positive transition is variable between 200

and 400 ]js; the duration of ‘start d ig i tize frame ’ pulse is 200 ~i5 .

The positive edge of the ‘start di giti ze frame ’ pulse sets the reset,

status , and the filter fl ip-flops (Fr). The reset F .F. resets the

word counter and clocks the status F.F . which is still being held in the

‘set ’ state by the ‘start di g. frame ’ pulse. The status F.F. remains set

until after all the parameters have been digi tized . On being reset, the

word counter ‘0’ output or pressure analog gate l i ne goes h igh con necting

the pressure interface to the digitizer. The filter F. F. goes high caus-

ing a ‘start d igitize word ’ pulse to be sent to the di gi ti zer lo gi c board .

At the end of the digitization period the line goes low for one digi- 
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tizer clock period . The positive edge of this pulse causes a 3 us pulse

on line L , which advances the word counter to operate the next gate , tem-

perature , simultaneousl y telling the memory that the digitized pressure

data on its parallel input is to be called word 1. As the L line reverts

to the low state the positive edge of t~ causes a 3 us ‘wri te ’ pulse to

be generated on line C and the ensuing positive transition of ~ generates

the next ‘start digitize word ’ pulse.

-
: This process repeats uniti the ~th word has been digitized (n

is selectable 2, 3, or 4). The nth Q16 causes L to pulse high for 3 us

incrementing the ‘word counter ’ to address the ~th word , operatin g the

(n + 1)th gate and immed iately resetting the word counter and setting

status F.F. low preventing any further writing to memory by disabling

the write F.F. 
V

On the arrival of the next 31.25 Hz positive transition , line

F goes high enabling the Read F.F . Positive transitions of the 10 kHz

clock signal generate 10 us pulses on the G line which appear directly on

the L line incrementing the word counter to address memory locations . To

address the pressure word , the rise of L clocks the write F.F. but the 
V

C line does not get pulsed since the D input of the write F.F . is now

low. 10 us after G goes high G goes high generating a 2 us pulse on H

which parallel shifts data from the addressed memory loca tion into the ad-

dressed parallel-in serial-out shift registers . This process repeats un-

til (n - 1) words have been shifted into (n - 1) telemetry registers .
The final word , always conductivity , will remain on the D/A output unti l

r goes high at the end of the frame time , thus generating a ‘parallel

~ .
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3.1. 10(3)

shift conductivity ’ signal in the Teletype formatting circuit which par-

allel-shifts the conductivity data from the D/A i nput to the shift regis-

ter on the logic board . The logic board sends a start frame back

to the memory multiplexer board and both digitization and telemetry

cycles start over.

I 

.: ~~~ _ ~~~~ _ ~~~~~~~~~~~~~~~~~~ 
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3.1 .11

ADAPTIVE SAMPLING

The adaptive sampling circuit varies the clock rate to the

digitizer logic and the reset time of the ‘finite time ’ integrator in

the comparator in such a way as to obtain a minimum digitization time

consistant wi th error free operation . The reset time is 600 microseconds

if the previous error signal was equal to or greater than the sixth most

si gn i ficant bit , and 200 microseconds if it was smaller. The 600 micro-

seconds period allows an automatic quadrature balancing circuit in the

AC Comparator more time to recover from saturation effects which occur

when large signals exist at the comparator input.

The adaptive sampling circuit contains a threshold detector

which goes ‘high ’ as soon as the comparator outpu t, a finite time inte-

grator , falls to approximatel y +2.5 volts or rises to +9.5 volts . This

causes a 0 type flip-flop to generate a digitizer clock pulse at the next

10 kHz master clock pulse. Large error signals will cause the comparator

to arrive at a decision rapidly and the adaptive sampling circuit will

generate a clock within 100 uS of the comparator reset line being re-

leased . However , if the error signal is sufficiently small or zero and

the comparator has not arrive d at a decision after one millisecond the

adaptive sampling circuit generates a clock pulse without waiting for

the finite time integrator to reach the upper or l ower threshold.

This circuit also contains the Pressure and Temperature sign

bit latches and telemetry register , strobe signals used to latch these

two signs are generated on this card . They appear on pins 29 and 31 and

- ~~~~~ 
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3. 1. 11(2)

they are useful for triggering an oscilloscope immediately after the com-

pletion of either the Pressure or Temperature digitizations.

At the beginning of the digitization of a new word the adap-

tive sampling circuit receives an A/S reset signal from the digitizer

logic , which sets 1C2/13 and arms 1C5/13 causing a digitizer clock pulse

to be generated at the next 10 kHz clock positive transition. The digi-

tizer clock causes 1C2/1 to be clocked and the comparator to be uncondi-

tionally reset. For every digitizer clock pulse except the one initiated

by adaptive sampling reset, 1C2/1 will latch the signal from comparator

T.P.1 during the previous bit time . For small error signals during the

last step , 1C2/1 Q will be set high but for large errors it will be set

low .

As this first clock pulse resets 1C2/1 it will disable 1C8/11

so that the reset time for the first bit time will be forced to 600 us.

For the first step then we have to wait 600 us for 1C9 to count up to

5 since it was hel d in reset for the first 100 us during the digitizer

clock pulse.

When the digitizer reset has been removed counter IC1 starts

counting. Either IC1 counting to 9 or thresholi detector (Q4, Q12, Q3

and Q4) detecting a threshold will cause the arming of 1C3/13 so the next

positive transition of the 10 kHz clock will generate a clock pulse and

the following transition remove it. The digitizing time for each bit

then may be as short as 300 us or as l ong as 1.6 ms depending upon the

magnitudes of the present and previous error signals.

Normal operation of this circuit may be ascertained by exam- 

~~- - _ - _ .- -_ _
~~_ _ V -~~~.- _
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3. 1. 11(3)

ination of the comparator output si gnal (see waveforms section 2.4) -

reset times should always be 600 us for the first step in a digit ization

but will subsequently be either 200 or 600 us. The time required for

the comparator to arrive at a decision after the reset is removed will

vary in 100 pS increments between 100 uS when the error signal is large

to lms when the error is less than one least significant bit. 
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3.1.12

ITY FORMATTE R & FSK MODULAT OR

This card provides the telemetry circuitry for the underwater unit.

When the “rea d mem . ” signal goes high this card generates a

parallel shif t signal that completes the loading of the long telemetry

reg ister . Other sections are loaded under the control of the Memory and

Multiplexer circuit. Internally this parall el shift signal starts the

telemetry r ocess; a zero “start’ bit is output by the TTY formatter

which is then fol owed by the first 8 bits of data jr the telemetry

register. The frame sync word always alternates between 00001111

(decimal , 015) and 1 1 11 0000 (decimal , 240) on adjacent scans . The TTY

formatter then outputs two ‘ one stop hits fol lowed another ze~ o h

start bit and then the next ~ bits of data etc . until a preset number

of eight-bit bytes have been sent as eleven -bit words. The TTY formatter

will then send a continuous stream of ‘ ones ” (logic high) until the next

data telemetry cycle is starte d .

The TTY formatted data generated above is applied to a modulator

which will cause either 2 cycles of a high frequency for a logic one

or one cycle of half that frequency for a lo gi c zero to be teleme tred

up the caLle. In a standard system these two frequenc i es are 5 kI iz an d

10 kHz.

IC’ s 1 and 6 produce a 40 kHz clock which is further divided by

ICs 2 and 3 to produce two 5 kHz square waves phase—shi f ted by 900

desi gnated F and in—phase data clock K. A third output is a 10 kHz

squa re wave designated 2F , phased such that zero crossings of F

co rrespond with zero crossings of 2F . The da ta clock is gated , wi th

_
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3.1.12(2)

ICs 7, 10 , 12 and 13;for every 8 data shifts there are three qans in this

V cloc k stream as it is applied to the long telemetry register . E)uring

these gaps in the yated clock stream , ICs 6, 7, 10 , 12 & 13 utilize the

ungated clock , K to blend the “one ” stop bits and ‘ zero start bit

into the output data stream .

ICY/l toggles on ‘para ll el shift” signals alternating the frame

synchronization word app lied to the shift register ICS at the head

of the l ong telemetry shift register between 00001111 and 11110000.

ICs 5, 11 , 12 , 13 & 14 ,with their associated D I P switch, count up the

num ber of bytes in a scan-and when the preset value selecte d by the

switch is reached , cause a continuous stream of “ones ” to be telemetred .

The telemetry process is controlled by the sig nals from ICs 9 & S

~1hen the digitization process is complete a “ read mem . ’ signal

is sent to this circuit which generates a parallel shift signal. Thi s

controls the data transfer into a part of the long telemetry register

not serviced by the memory and mu 1tiplex ~r card and starts the telemetry

circuit. Finally , this control circuit gene ates a “start di git izer

signal to restart the digi t izat ion process.

Square waves , F an d 2F , are integrated using components R2 , R3. R4,

R5 and C2 , C3 , C4 an d C5. Data and ~1€~ con trol switch 1C4 and cause

the appropriate one of these two frequencies to be applied to a

differen tial shaping circuit comprising Ql , R6 and R7. The logarithmic

trans fer function of this circuit produces an approximately sinusoidal

ou tput and components Q2 , C6 , C7 , R8, R7 & RlO form an amplifier to

drive the output transformer , Tl and hence the ca ble . Typi cally the

- - - V  -~~  -~~-~~~~



________________

Fig. 3.1 .12(2)

z

I-.

U,
U-

o
0

A’

II I 

I~~

. 

:~ ~

L ~. .~~ .
~~ 

. r~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~_ - -



_________________

3.1. 12(3)

signal level at this point is 2v p-p (see wave form at Section 2.4).

A dc current is app lied through the primary winding of Tl to

generate a magnetic f ield opposing that caused by the l OOrnP, supply

curren t fro m the deck un it throu gh the secon dar y to prevent the

transformer from being saturated by the supply current.

— .
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3.1.13

SIGNAL GENERATOR

The signal generator produces a 10 kilohertz reference sine

wave and a second sine wave phase shifted by precisel y 900 relative to

the reference (i.e., in quadrature to the reference).

The reference sine wave is used to excite the analog sensors

while the quadrature signal is multiplied in a servo controlled loop in

the comparator and used to null the small quadrature component caused by

the reactance of the l eads between the sensors and their interface cir-

cuits (thus presenting the digitizer circuit with a signal precisely in

phase with the reference signal. )

Square waves used in the generation of the sine waves and hav-

ing a precise phase relationship to them are used to operate synchronous

detectors in the comparator circuit. They are also divided in binary

counters to generate the frame clock which controls the operating rate of

the digitizer circuitry and the frequency shift key clock which controls

the telemetry rate.

The 640 kHz crystal with Qi , Ri , R2 , R3 , Cl and C2 forms an

oscillator. 1C3 is a binary divider which generates an 80 kHz source

for the FSK clock and a 40 kHz clock inpu t which enables the two stages

of D type flip-flop , 1C4 , to generate 10 kHz outputs 900 out of phase

wi th one another. If the pin 1 output is designated 180° then pin 2

is at 00, pin 13 is at +90 and pin 12 is at —90°. R6 ,R7 , R8, R9 and

Q3 form a buffer amplifier between 1C4 and the series/parallel resonant

L. - - . .
~~~~~~~
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fi l ter comprising C3 , C4, C5 , C6, Tl , Li and RlO producin g a 10 kHz

sinusoidal wave form between output pins 23 and 24.

C7 couples the in phase sine wave into the operational amplifiers

in IC5 to produce the + 90° sine waves on pins 29 and 30.

ICl divides the 40 kHz clock by 10 to produce the 4 kHz clock

for the oxygen interface , this 4 kHz clock is then further divided by

the binary counte r IC2 to produce the 250 Hz clock for the oxygen

interface and the 31. 25 Hz frame clock. Q4 inverts the frame clock in

order to satisfy timing constraints in the oxygen interface. 



3.2.1

DISPLAY

The display card provides engineering uni t displays of pressure in

dec i bars , temperature in degrees Celsius and conductivity in millimhos as

measured by the underwater unit and updated 31. 25 times per second. A

fourth display labelled “frame sync ” dis plays a number that is established

to provide a check on the telemetry link and enable a computer connected

by the serial data link to synchronize on the beginning of each data frame .

Thi s “frame sync t
~ word alternates between 240 and 015 on adjacent frames

so tha t the display will appear as a blur . When the dis p la y sample hold

switch is put into the hold position the displays freeze , but the analog

and computer outputs are not affected . When the di splays are frozen the

“frame sync ” wi ll read either 240 or 015 if the CTD is function i ng

correctly.

Each BCD character is displayed by a Hewlett Packard dot matrix light

emitti ng diode element (HP—5082-7302) these elements have internal latches

decoders and drivers. The parallel BCD data is presented to all of the

col umns having the same BCD weight (ten thousand , thousan ds, hun dreds ,

tens , or un its) in parallel and the appropriate row or variable is strobed

with a pulse at the correct time for that variable every 32 ms.

This “correct time ” is determined by “AMDING ” four inputs .

1) Hundreds bit time

2) Tens bit time

3) Units bit time - al l from demodulator “Bit time ” counter.
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4) Enablo time - from number converter to scale the display .

For example the temperature display is strobed at bit time 054 and

enabl e Ei5 , one latter caus ing the displ ay to be one half of the 16 bit

binary number generated in the underwater unit. Variables displayed on

the right side of the display board have a sign option . The signs are

incorpora ted by latching the contents of the sign byte into ICs 15 and!

or 18 and outputing them to the appropriate sign displays .
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NUMBER CONVERTE R

The second card in the deck unit is the number converter ,

which converts a 16 bit binary number into 20 bit binary coded decima l

(BCD). This technique is described by Couleur (1958). As the binary

number is shifted Most Signif icant Bit (MSB) first into a 21 bit regis-

ter the value of each BCD stage is tested and the value of any BCD stage

greater than 4 is increased by 3; the new number is then serially shift-

ed one place left and each stage retested . After 16 such shifts the

conversion is conplete .

As an exampl e Fig. 3.2.2 shows conversion of the 8 bit binary

number 1000,0000.

The clock for the conversion process is generated on the num-

ber converter board using a two inverter RC oscillator 1C30. A ‘4017’

counter counts 20 pulses of this clock gated with E or S depending upon

the data source. During the positive half cycle of the bit time clock

K the data source for the number converter is the parallel in serial out

shift register on the demodulator card . If the computer has strobed

data into the shift registers on the number converter card during the

previous cycle time , a flag 5’ will have been set and during the nega-

tive half cycle of the bit time cloc k the number converter data source

becomes the parallel-in serial-out registers IC1 and 1C8. Data steer-

ing is done wi th IC28 and the bit clock K. (See fig. 3.2.2(2)

The clock is counted with IC16 and the first half of 1C29.

Enable pulses used for scaling in powers of 2, E6 thru E9 and E14
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Fig . 3.2.2

H T U TEST ACTION BCD

10000000 0
1 0000000 <5 SHIFT 1
10 000000 SHIFT 2
100 00000 <5 SHIFT 4
1000 0000 U~5 ADD 3 8
1011 0000 SHIFT

1 0110 000 U~5 ADD 3 16
1 1001 000 SHIFT

11 0010 00 <5 SHIFT 32
110 0100 0 Th5 ADD 30 64
1001 0100 0 SHIFT

1 0010 1000 128

BINARY TO BCD CONVERSION
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3.2.2(2)

thru E17 are gated from the decoded counter outputs using the pulse C”

and ICs 2, 9 and 23. E16 occurs when the 16 bit binary word has been

converted. When E17 occurs the binary word wi ll have been decoded and

multipl i ed by 2, when E15 occurs i t wi ll have been div id ed by 2, etc .

This board also handles the sensor address lines from the com-

puter; the address signals are inverted and shifted to CMOS levels to

select the appropriate display or digital to analog converter channel .

These levels must remain high for at least 200 u seconds.
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3.2.3

DECK UNIT DIGITAL TO ANALOG CONVERTER

These circuits provide three 0 to 10 volts dc analog outputs

proportional to temperature . pressure and conduct iv i ty , each capable of

driving a channel of a recorder . For example temperature and conductivity

can be plotted as a function of pressure with a 3 parameter , 2 axis

recorder. —

Of the four least significant BCD characters from the ~ur’ber

Converter three contiguous characters are selected by means of 1C3 . 1C4

ICS and 1C9 in conjunction with the analog range select swi tches on the

data terminal front panel . At the appropriate byte time and enable tine

selected by ICs 1 & 2 each variable is strobed into a different pair of

hex latches , ICs 16 & 15 , ICl4 & 13 , or ICl 2 ~ 11 , if the analoq Sa ~le

Hold switch is in the Samp le position. The Outputs of these pairs of

latches are connected to di g ital to analog converter modules qeneratir ig

continuous analog outputs updated every 32 m illiseconds.

As onl y three of five characters are converted , when a character

overfl ows the analog output ‘ pages to zero volts . For example, if

the temperature range swi tch is set at 10 , a change from ~? . 9 9  to lO.OO~

in temperature will cause the output to go from 9.99 volts to zero volts.

V . - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.2.4

DEMODULATOR

The demodulator in the deck unit is a phase locked loop with

four phase sensitive detectors two of which are in the loop with their

outputs added linearly. When the loop is locked the VCO runs at 40 kHz

and is subsequently divided down in binary dividers to 10 and S kF-{z to pro .--id e

the reference frequencies for the two phase sensitive detectors . Thus

either frequency at the input will cause the loop to phase lock with the

VCO running at 40 kHz with no discontinuity in the loop oper -3tion as the

input frequencies jump from one to the other.

The third and fourth phase sensitive detectors are supplied

with reference signals at 9O~ to the reference signal as supplied to the

first two detectors . These last two detectors then each synchronously

detect one of the two input frequencies. When one frequency (say 5 kHz)

is present the one detector output averages to a negative value while the

other averages to zero . Conversely, when a 10 kF-lz signal is present one

detector has zero avera ge output wh i le the other avera ges to a positi ve

value . The sum of the two detector outputs is app lied to the input of a

l imiting amplifier resulting in a logic level si gnal in serial TELETYPE

format.

At this point the signal can be connected directl y to a corn-

puter using a standard computer TELETYPE interface card modified to run

at a bit rate of 5 kHz .

There is a brief discussion of phase locked loops and synchro-

nous detectors in appendix 7.5. 

- -
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3.2.4(2)

Refer t b lock diagr am of the phase locked loop, Figure 3.2.4

and t i u i r i - ;  diagram , F i-urc 3.2.4(2). The first and second detectors are

~ 
and 0~. detect o’

- ,~ p ” r~ tes correction signals and servos the V .C .O.

whil e f r o  ae ncy f 0 (5kHz) is on line; ‘he output from 
~

‘ . at thi s time

w~ l1 i nt e q ra t e  to zero . H-~rctor ,
~~~ 

generate c correction signals and

tn~ V C 0. w ’ i le ~r e ] J e n c y  f 1 (10 V r ~z) is on line a rc  the o L t; 3 t

t ro c, d inteontes to zero . This generates the data transmission clock.

Lsin g this clock and phase derivatives of it , t~ e input data stream (S)

will he dem odulated using the ~ni rd and tcur th ~.hase- sensi tive detectors .

a n - f

V Detec tors 0 ’  and Ø~’ , see Figure 3.2.4(3), are swit cued by

the ueriv ocl waveforms C and ~ respectively, producing the waveforms ,

and P . a~ Ic r are so mea i ntc an interrator to produce waveforms , L and

G. ~~~~~~~~~ -j ~~
- ; , G , is tHcn detected by posi t ive-going t ransi t ions of wave-

form , D. to recreate the data st re am delayed by 3/4 of a clock period

as shown by the tim in~ diagram.

T’ic au t o  now pdsses through an 11 bit window on the data

stream , Figure 3.2 .4 ( 4 ) .  When al l  11 bits are hi gh (logical One) the

‘ A N D E D  output of the 11 bits goes hig h. In ITY format the first of a

group of 11 bits is the sfa ’-t” bit and will always be a zero ; there-

fore onl y d- r ’~ nq the no-’ 1d t o t i c  t ’~~.e’ n fra mes is a continuous s t re a m

of ones telemetered cau sing this f r a nc  synchronization signal to go high.

The ”fraioe ,y’~ 
- alo e is used to reset the bit time counter ICl3 , 1C 1~ ~. ICl S

which carts c~ock transitions , K after the first start bit has caused

“frame sync ” te  go low.

-- —- -- ~~._ -~~~~~~ -~~~~~~~~ —~~~~~~~ 
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3 .2. 4 ( 3 )

The output of the bit time counter is used with the interrupt

time gates , Id , 1C2 , 1C3 , 1C4 , 1C5 and IC6 , to control the displ ay s and

Analog outputs as wel l  as the paral lel  output to a comouter . 1- gated

clock, Kg, is generated from K using IC16 , IC 17 and 1C23 in order to

shift data into registers 1C9 and IC1O without the start and stop bits .

Every bit time the contents of 1C9 and IClO are parallel shifted into

registers 1C7 and 1C8 the data is then clocked by the Number Converter .

from 1C7 and 1C8 , most signif icant bit first , into the Number Conve rter .

The data is always telemetred in the sanie sequence , so the bit time

when a particular variable is in the 16 bit window in the serial data

stream is unique and can be calculated using:

Interrupt Bit Time = (MS Byte ~ x 11 ) - 1 .

Data ~yte Interrupted Bit Time

FRAME SYNC WORD 01 0
PRESSURE 032
TEMPERATURE 054
CONDUCT IVITY 076
SIGNS 087
OXYGEN CURRENT 109
OXY GEN TEMPERATURE 120

Compare figures 3.2.4, 3.2.4(3), 3.2 .il(4) and schematic 5.2.~

The amplifier having output si gnal S is Al/ l . Q1 , Q2 and

associa ted componen ts

is A3/l and associa ted comp onen ts

is A3/l3 and associated components

is A2/l and associated components
V is A2/ l3 and associated components

— V.— V . ~~~~~~ V. V. V. V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - -  - —  ISA
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3.2.4(4)

The integrator that generates L and finally G from P &

is A l/1 3 and associated components .

The filter is A4 and associated components

The V.C .O. is tC37 (NE566U) and its associated components

The 11 bit w indow is 1 d B , ICl9 , IC2O , IC2l and 1C23

The division of the V.C.O frequency is done by IC?7 , IC 2~

1C29 and IC3O.

V. _
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3.2.6

CONSTANT CURRENT POWER SUPPLY

Refer to the circuit diagram of the constant current power

suppl y shown on the back panel schematic, Figure 5.2.6. Constant current

dc power is supplied to the Underwater Unit from a circuit driven by a

50 volt power supply. The Zener current for CR1 and base current for Qi

is provid ed through R2. The voltage across Ri and P1 regulates to the

Zener voltage minus the base emitter voltage of Qi thus establishing a

constant current equal to

VCR1 - 0.6.

R
1 

+ P
1

A revers ing switch enables polarity reversal when the syst en

is to be used in conjunction with a Rosette multi-sampler that indent-

ifies a positive current down the cable as a signal to fire a sample

bottle. For the CTD to operate in a reverse polar i ty  mode a ~ac tc ’ , in-

stalle d optional DC-DC converter is necessary , and the nominal 100 mA

constant current must be increased to 160 mA. For use w i th  lor1g cables

with a dc resistance greater than 125 ohms the 50 vol t  power sup~h
V needs to be replaced with a 100 volt power supply.

The choke , Li and capacitor , C2 are used to decouple the a~
data signal from the underwater unit and the dc constant current sup-

ply to the underwater unit . The variou s audio transformers provide the

correct impedance match between d i fferent data sources and destinations
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3.2.6(2)

an d f r ee users from groun di ng p ro b lems with au d io ta pe recor ders .

Thermistor , Thi is in series with the 11OV line to the

chopper power supply to prevent power up current surges .
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3.2.7

FRONT AND BACK PANEL S

The under side of the deck unit chassis is built with “wire

wra p” interconnections to the four (optionall y five ) pairs of circuit

card jac ks and two 90 pi n Elco connec tors , Jil & J12. Connector , J12

i s an interface between the wi re wrap an d sol dered connec ti on to the

front and back panel controls , in dicators and connectors .

Plus and minus 15 volts at 35~ nA and 5 vol ts at 6 amps are

generated by a chopper power supply; a regulated 12 vol ts is generated

on the demo du la to r  car d an d a l l  of these are buss l i n e s  on the un der-

si de of the deck unit chassis.

Si selects the data source; ei ther Di rect from J13 or
Replay from J15.

S2 & S3 reverse the phase of the two inputs to switch Si.

S4 controls the 110 volt ac input Power.

SS is the Display S/H switch.

S6 i s the analog  out pu t S/H sw i tch .

S7, S8 & S9 control the range of the analog outputs avail able
on connector J17 on the back panel.

Sb con trols the Pressure Display range.

Sli controls a phase shift network i ntended to correc t for
phase shifts in the signal due to transmission up the sea
cable .

Pb controls the Signal Level.

P2 controls the center frequency of the V .C.O.

P3 controls the Au dio level on the speaker mounted on the
front panel.

_ _  _ _  ~~---~~~- --
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Ci rcuit Jack ~ Underwater Un i t Part Num ber

Ji Pressure rnterface OOi-PC-O i-2 5.1 .1

J2 Tenperature Interface 002-PC-0i -2 5.1 .2

J3 Fast Response Temp . Interface 003-PC-Ui-i 5.1.3

34 Conductivity Interface 004 -PC- 0l -2 5.1. 4

J5 Oxygen Interface (Optional) 020-PC-Ui -U 5.i.~

36 Power Suppl y (L’ . W . U . )  008-PC- Ui-U 5 . i.~
37 Compara tor 005-PC-Ui-i 5 .1.7

J8 0/A Converter 006-PC-Ui -i 5.1. 2

39 Digitizer Logic 007-PC-Ui-i

310 ~-1emory & Mul tip1 exer 010-PC-Ui-i 5.1 .10

311 Adaptive Sampling C10009- 5.1 .11
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J13 Signal Generator C10066- 5. 1 .13
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Ci rcu it Jack ~ Deck Un it Part Numb er

J1-J 2(0) Display Card 016-PC-02-l 5.2.1
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J5—J6(D) D/A Converter 017-PC-02-1 5.2.3

37-38(D) Demodulator Old-PC_ 02_ 1 5.2.4

J9—J1U (D) Option Card 5.2.5

Power Supp ly (0.U.) O1S-PC-02-O 5.2.6

Chassis Mounte d Circuits 5.2.7
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Board Ti t le  ITi4~RA11U~ Boar d Number

Harness  Posth .
________ — Twi sted Shielded 8 ~Funct i on Conne cted To Color W i t h  Twi s ted Poir ~
I C R With

TEMP . S~~ NAL COl 0104 , 0730 8th _ _ _  ~~~~~~ A L V .~~~~ 1

Ti~ow. sic . + 0~ 12 ,_ 01~ 2 , 0207 wh 
- —  —- ____

6

7 ~~417, UWIZ -__________ ________- - —  - - —

TEMP . SIC . - 02u4 , 0102 , 0105 wh 
_________ 

SELECT - 0/ P  —___________ _____ — — _________

9

10

_______
BR ID GE Sensor Hd #14 b lk  X 0212 X

12 D R I V E  Sensor Hd 1115 vh X 
— — —  

0211 2

13
- V .  - - - -V- - V .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

i~ - -  
i~~~~, 0 i29 x ~~~~j~~~_ ___  -—

15 REF S I N E  1323, 0130 , 0215 wh /red _~~~~~ 0214 _______ — -  V ._

16

V~V!i _~ Q - 0904 . 0U3. .JJ,,3~ ~~~~ —_. — __________ _________ V

18 SELECT TEMP 1 0 7 , J007 wh/blk — — - — - - - — — —

-~~~~ So 0903 , 0 110 ~~1w - —

20

21

22

~~ ~SEN S0R B R I DG ~ V) Sensor Hd /34 b Jk — X _________— 022 6  
—

~ OUTP)JL___i Sensor Hd #12 vii 
— —  

x ~2~~~_ —

~~ FAST .
__

RF SPV TN Q~j~2 _ _ _  ________— — -—-—--- - — — ——

26 FAST.  RES ~~~~_____ —- _ _ _  _~~~~~~~~_ _ ~ _______-- _ _____ _

27

28

29
30

31 
-

32

COMMON 0235
34 -4-12V 

_______ 0633 _____

35 co~iQh . _  ~~~~~~~~~~~ - -

MKIII b CID

~~~~~~~~~~~~~ V. V. V.~~~~~~~~~~~~~~~~~~~ - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 5.1.3(3)

Board Tit le FAST ~ cç~ ,i~
j Board Nu mber — 03

H a r n e s s  PoSt fl .

Pin V — ——i— — Twisted Sh i e l d e d  &
Function Conn ected To Color With T~* s . d  Pair

I C R With

2 THERMISTOR HI Sensor Hd 1/ 3 V~~~~~U. _ _ V .  — — —— _________- - _______  — —

3

THERMISTO R LO Sen so r LId /32 wh — - --———- -— - - --~~~~~~-—-——- - — - -

5

6

7

0215 
-______ —- —V. _ V___ ___________ —______ —

9 ~~~-I~L~f~ 
— 

~~~ 841~ 
0130 wh / red — — y 0309 - - -

— REF SINE 1324. Q3Q9~ jL4~,3 ~~ fb1k _j 0308 ________

10

11

12 OUTPUT 0225 _blu _ V.  -__- VVVVVQJVVIV4V.VV._V_ _ V._~~

13

14 OUTPUT 
— 

0226  _ b lk  -— — -— 0312 _______

15
16

17

18 
_________  _ _ _ _ _ _

19

20 REF CHOP 1308., 0722 
V 

b l u  0322 _ _ _ _ _ _ _ _ _

21

REF CHOP 1309 1032. 1103 gra — X — 0320 _________ ——

23 
_________  _______

24 
_ _ _ _ _  _ _ _ _ _

25

T. P. #2 _____________ _ _ _ _ _  _ — — _ _ _ _ _ _ _ _  _ _ _ _ _  - —

27 
________

28

29 T. P .  #3 
_______

30 
_ _ _ _ _

31 
—

32 +6% ) 0626 
- 

nm 
- 

X 0334 , 033 ______

33 COMMON 0335 link —

~~ +12%) 
_______— 0632 — ~~.e4_ X — _ 0332. 033 ________— —

CQ~~~~ 0LV. V. ~
1
~V.VV. .1~ 

. —

V V. V~ - -  V. -
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Fig. 5.1.4(3)

Board T i t l e  IIIII1 ITIV I1Y (3CM CEJ.,L) B o a r d  N um b e r  ~Yi

Ha r n e s s  Post n.

Pin _~_  __ — —  Twis ted  Shielded &
Funct ion Conn ected To Color W i th  Twi i te d Pa ir

L C R W i t h

1 0214, 0802 
-- 

- 
—

- - — V. fVV V S I N E  
- — - — 1,323, (13(19 (12.19 -V~ 1J uI~~i — - > ~~I )  

—

-~~~~~ - .QIV~~~~~ VVP.~J~~~ 042~ orn - 
X -

3 R L F  SINF 
— 

_ _ _ _

~~~~~~~~~ 

_ _ _ _ _  - 

—

4 0 / A  REF Cl //1)5 V. y1w - - - - - -

V .  F ( L l ~~ R1)DE 
- Sensor  Hd #2 0  - b i k  - - — V. _ _ Lt4~~ -

D / A R E F  
- 0806 — —  - - X ~-.0~ Q4___~ --

V1 E L E i ; T k 1 D E  Sensom Ud #~~l 
- - wit — _ - — -

8

9

10

COND. SELECT 1101 1029 t.- t :  X
12 0105

— —  
W V S 1 ; N A L  OU o 8 3 L o 2 0 - Q~~z wh - - - - - - - 

COAX - X

13

~~ GNAL OU -~~~ - X - - C.UAX -

V V ~ V~~~ V.V~~1~~~~_ )I ’tM~~N - - j~~~ p203, 0io~. u / N  -~~~ - - - - SVOAX V. - -

16

17

18

19
_ _  _ _--_ -- -

0 1 !.  E I E T R & ) 1 1 I 8  Sen-~or Hd ‘~l7  r i -d 
~~~~~~~~~~~~~~~~

21

22 ( l R ) ~I1NT LOOP 0424  wh
23 ~~~A ~ 3 4 . - - ;

24 CU R R E N T  LOOP 1 ,2 .8  wh
25

26 t~ . t-.LECTR OI)E Sens r Hd /118 bik l ) V ~ 2/ ~

27

28

29 
- - — -

30

31

32

co i.o.to~i 
) V . 3 5

_±U V~~ V V .  - ~ #‘~~~~~~ ~~~~~~~ - - -

COMMON - 0b13 , 1 , 3 3  b lk  .-_ X

-- —~~~~ - -
~~~~- - V.~~~~~~~~~~~~ 
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Fi g , 5.1.5(3)

Board T i t l e —__ 12—B1T OXY GEN Board Number —

Harness Postn.
Pin — — Twis ted  Shie lded  &

Function Conne cted To Color 
~ R 

W i th  Twi ste d Pair

1008 , 1207
CAT ED CLK 0928 , 1117 _ _  ~~~ - - - _~~~~~~ — — —--~~~~~~~~ ——

DATA IN  _~~~~~~~~ 110~~~~~~_ _ i_ — —  _L. — V . _

—~~~~ ~~~~~ V. _ 1313 . W~L - — — -— - - —

4

5
6

7

8 1.024 SEC 1306 
—~~~~~~~~~~ v i L  

— __ L — V V . V . V  _ _ _  
—

~ 0~ S IGN 1111 
—— 

gra 
—— 

X 
—

10

11

12

13

~~ DAT~~~ 1~~~~~~ _ V.~~V2~ lV_~SP2 __ V.V ~~~~~~ -— _L - - — 
X

15
16

17 
____

18 250 Hz 1302 _____ — grn/wh — — __________ ______

19

20 
_____ ________

21 
_________p______ _ _ _ _ _ _  - _ _ _  — — — _ _ _ _  

~~~~~~~~~~~ -—- --

24

25

26 4 KIl z 1301 o r n / w h  X

~~~ O~ CATHOD E Sensor Head 1111 - --

28 THERMISTOR Sensor Head // 15 me d X

~~~ ~~~E~~~ISTO R Sensor Head # 14 
— 

b l k / b l k  
- - V - - —  — —

30

31 
_______ __________

32 
_______ _________

33 COMMON 0535 X

+12v 0631 _ — - — __ _  _ _ -_ ___— —

COMMON ~~~~~~~~~~~~~~~~~ _  _ - 
_ _ -_—_-_ --_ 

— - -- - ---— -

MKIIIb CTD

-V ~~~~~~~~~~~~~~~ V - -V-~~~~~~~~~~~~-—~~~~~~~~~~ - 
~~~~~~~~~~ -V V V
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Fig. 5 . 1. f ( 3 )

Board T it le ~~~~ FR VSIJ~~~ LYVVVV V. V.V.VVV.... B o a r d  Number

Harness Postn
Pin —- — - -— Tw isted Shielded & ~Function Conn ected To Color With Twisted Pair ~

L C R With in

+ 2 2 V 1N 
~ ii~( 1’ka~~~~1’,~~. ~~~~~~ x - - - - - - -—

2 SWITCH ~I /  ‘ li t . - 1)h’~~ uh 
- 

1. --

3 COMMON : 1 , :  
- / l ~ X -

( ()MI ION 
- x - - 

x
COMMON 

- x - - 
x

6 COMMON X

- - - -

__~~ C0MMQ~  x
COMMQ~~~_ X 

-

— ----—V —- -—  ~~ X V.

cc�~~~~ _~ — - -  V.~ 2~~~~~~_ - P~ �~ -

COMMON 
--  1 )7 1 5  - b1~ X -

~~~~~~~~~ P~~~ V. _~~~ 3 5 
~~ L -~~~~~ - -

COMMON (18 3 5  bik x
¶ 5  COMMON 4 N ) ~/ bik X >8

COMMON 0’fl S bik x x

COMMON 0 2 3 5  bik x
COMMON 13 3 5  b lk  V.V.XV - - 

1~ -

19 COMMON 0135 b i k  X - - X

- - - - -

- -  - -V .  - —  

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ V.~~~ V. ~~~~~~ - - - ---------—

23 +6v X X
24 -4-6% ) ______— — 

0 2 3 2  
—-  - - — - 

orn  X 
— - — - - 

1 6 3 i ~ 0:12 

- -- - - ----- _ _ -

26 +-6v - — - — o r n _ __~~~ -— -—

27 4-6V x _____ x
28 +6V x x

!~~~ 
( 1 3 3 2  

- — V. orn X U~~3 3 1 Q~’~~ _______

30 +12V 8 7 (1, , 0834 
- - 

red X - - 
O~ 1~~ 0~ 14 

_ _ _  X

_~ 1_ ~~~~   3,3~34~ ~~~ - - red - QSU, Q~ L3 —

32 +12V 
-  Q 9j L ~ _r~d_ -  - -  Ut ~~ VC - - - - - - -

+12 %) 
~~~~~~~~~ 

( ( 34 ~~~~~ X 
— —  ~T hi2 , c~~1V.~ _

~~~ — - - —I—-~~--—— - —
~~~

-
~~

— - —s- _- -  - - - - - - - — -— —- —
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Board  Ti t le  — ______________________ Board  Number 1)7

Ha r n e s S  Postn .
Pin - Twis t e d  Shielded &

Fun c tion Connected To Color - Twisted Pair ~Wi th  -I C R W ith  in

2 QUAD OUTPUT 0830 wt i  

- -  

- 
X COAX X

3

4 QUAD OUTPUT 07) 18 
— 

u-h!r, - /  
- 

- 

X 
- - - — - 

X

~~~~~ VV.~ V~ VYVV. _PV?V.34 - - - rc~ - - _ - ____- -—

_ ! _fP ~-TP Li/!_ ~~7JQ~_ O~~1~ __ ~~. -~~ - i _ _ — —  — - —— - COAX — —

- 
7 + 2 2V  

______ 
((601 blu X

~~~~~~~~~~~~~~ ~~z~~~~~~_ _ _  -- - - -
9

10

it

12

13 T . P .  3/1 1 1 1 3  H1L~Ji~_ 31 - 
X

14

15 
-

16 T.  P .  1/ 2  
_____

17

18

_~ 32~PA RATOR 0/P 0905 , 1105 b l u  
— X — — - - 

X
20

21

22 REF CHOP 
— —  

1 ~~~~~-~- —- — — — -  —-

23

24 COMP . RESET 1104 brn X
25

~~ START _DIG _V. P1~V.~l_
O735 __  b i k  -— - - - — —

27

2 
~~~ U A D Q~O~ 

- 

~ 3(14 
— -  ~~~~~ - -   —— —

29 QUAD S T N F 1  I i 1 ~I - orn x - _____ —

VOLTAGE REF 1( 7 06 1 0203 ,_0104 r i d  — - — - — - —  _______ x

~! Q~~n~~ i N E  I 33a  - — -  - —

3 2 + 6%) - 
(
~#N c 7 

_____-

~~~~~~~ 

— — —

~~3 
~~~~~~~~~~~~~ - Q~~~2~~~~J1L~~~~~ V. V . -  —-   — —

~~~~~ ~±1t2Y - U . U 7Q~~ _x~~i -— _X - - - - — —

((MW 1N 
- 

0612~~~0 733  h ik  X - — - - -

V V V —— V. - 
~~~ _~~~~kS*N - - - -
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Fig . 5.1.8(3)

Board Title fl/A C~~f.RT. Board Number _ 08

Harness P05th .
Pin - 

— — — Twisted Shielded & ~Functic ’n Connected To Color Wi th Twisted Pair ~
L C ft With in

— 
0129 , 0214 

— — — __________ ___________ —

REF. SINE 1324 p ni.n w h/b l k — — ~~~_  0802 -— _____— —

2 0130 , 8h~ 
—

— 
REF. S I N E  — L3-2-~3.,- oio~~ Q4.L) wh / red 

— — 
X 0801

3

4

COND REF 0404 
— 

j~_ 
— — JL 0806 ______  __

6 COND REF 0406 b ris 
— — ..X... 0805 __________ — _2L

7

8

9

10

~‘ BIT #1 0911, 1011 med ______ __________

12 BIT #2 0912 , 1012 .-_2 —- — —  __________ — —

_~3 BIT #3 
_______ 0913, 1013 _

~~~
__ — _________ —- —_________ —

~~~ 
BIT #4 0914, 1014 7 _~__~ — ——  -— _______  — — —

15 BIT #5 0915, 1015 — . _  _ ____ -_  ___________ —

SIT #6 0916, 1016 _______ — _~_  - _ _  ___________ ____________ —

17 BIT #7 091 7, 1017 _______ ____________

18 BI T #8 0918, 1018 “ 
— — — —______ ____________ —

BIT #9 0919, 1019 — — _ _ _ _ _ _ _ _ -  ___________ —

20 BIT #10 0921L 1020 _______ — — — __________ _________ —

BIT #11 0921. 1021 “ — — __________ —-_______ —

BIT #12 0924 1022 — — — —_--—-—- — -- - —________ —

BIT 113 0923. 1Q23 ._ .  — — — _-_-. ______— ——— —

BIT #14 0924, 1024 -_ —— -— - -- —— --- — - ——— —
BIT #15 0925. 1025 ‘~ — — _— —  — — -— — —

26 BIT #16 0926. 1026 _____  ______

27

28

29
30 

~~~ OUTPUT -- 0702 wh x - ~~QAX_ . - - -

31 
_________— 

~~~~~O2O7 Q102 öiö~~~~~~~~~~~~~~~ 
— - - - -

32 D/A OUTPUT_ __ — O~j~~~~~~Q~~ _ __~~h _  —- - ~~ V. _ - - COAX

~~? _~~~~!!!!~2!~ _____-- - ~~~~~~~~~~~~~~~~~~~~~~ 
_ii nk _~_

34 +1 2V — 0631 r e4L . ~~~ - —-
35 (10P*ION O614~ 0831 - - - - X I

- I s  -
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H o a r d  T i t l e  DJ~i1~ LOVGIL - B o ar d  N u ’ I ~.2 -
Hat N 5 S ~

Pin N - i T~ ~~~ 
Sb r d e 2 & ~

Fu nct ion r u n i - e c t e d  To Color I ~‘, t h  * w i s t e d  Pair

- - - - V 

~ I R W i t h  us

- 
1 

~ 
MEN . 

N

2 
- 

1)101 CLK 1 1 ) 2  
-~ _ V -~~~ x V -

~~ 
- 

0219 , 01 10 v i w  1 - 
-

~ So - 0 2 1/ , 1 131 ) , -~(~ 4 13 - 1 31

5 (8N011’ - OUTPUT 
- 

071 “, 1105 h l u  I -

6

~ q~~~~~~~~~ r I
- 
8 SER. DATA IN 

- 
1106 X 

-

W .  ~~~~ P. — I 1
10 

~/ S - - - 
1118 , 0 21 )  w / ~~~~~~ N j  

I -

~~I T l/ 1 I I ) ) i 1 , 0811 r~ -d - A

12 B I T  (/2 1012 , 0812 1 I
13 B I T  ~3 10 1 ) , 181. ) J - ,

14 $ I T  114 
- i 0 i~~, o8i~ -

15 B 1L 8~ iU1~~, 0815 1

16 B I T  ~)6 
- 

1016~ 0816 
- 

V 
I

~~ 8IT~~~7  i9 17~ 0817 1 1
18 BIT ~8 1018 , 0~~18 I 

- -

19 B I T  119 
— 1Oi9~ 0819 I

20 
~3 r  1110   1020 , 0820 ‘~ 

I 
-

~~~ 811 1111 1021 , 0 82 1  1 x
22  811 3 112 - —  1022 2 0822 I

23 BIT 1’13 - -  1023. 0~23 - -

24 
- 

BIT 1 (1 6 
-  1_O~4~ O8~4 - - I *

25 
~~~~ I I .~~1 :   1Q25~~~8~ 5  IV I - 

- - -
VV

~~
6 iO26~ _08V25 - 

- - -

27 SER _D~~TA OUT - - 10O~ 31 y lw I J
28 GAT!.D CLK - 0501 , 12Q7 _ whj blu x jV.

29 
~~~

i6 1002  red :- . - X

30 ~~ _ ‘
~~ -~ ‘- - 1 1

31 q._ ’o- ’-’. q~
32 7- ( A l T  D I G  1003 b r n  I
~~~ A / S  8~~~~- T 1 1 3 3  y 1w/ ~ 8 8

34 +uv ~~~ 
x 4. -

35 I - ’1’ N i 1 1 , 1 0 3 -  I b I ~~ 
X I 

-
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Fig. 5 .1 . 10(3 )

Bo o rd T i l ls — t’IM + MIII. Board Nu mber 1-fl

Harness Post n .
V •Pin — — Twisted Shiel ded 8

Funct ion Conn ected To Color With Twisted Pair ~I i C ft Wit h

SELECT P 0112 wh /y lw L_ — __- --__- ---_ __________ __l__

2 Q 16  
____ 

0929 red X 
________

3 
- - START 01G W 0932 

— 
b r n  

- - — _____ -~~~~ -__________ L..

- F RANE CLK — — 
1303 

-~~~~~~~~~~ w h / o r n  -— — ____—- - — —

READ MEN . 
- 

1209 gm X — ______ —
6 SEP.  DATA IN 0 9 2 /  _____ _~~~~~ . -—  _____— _____ —

SELECT T. M9~: ~~9 wh/bjk — — _____— —

GATED CLK . 0501 , 1117 whJb l u  — _L -—  _____ __________ —

9 P / S P .  
________  ____  X _____  ________  X

SER. DATA OUT 1208 vlw — — __________ 
—__________

B I T  # 1 0911 re~ ~~~~ ___________ ____________ —

12 BIT #2 0912 red 
__________ ____________

BI T # 3 
-- 

p9 i 3  — _ _ _ _  red — — _____ ______ —

14 BIT #4 
— 09 14 red — — ___________ ____________ —

15 BIT #5 
— 0915 ________ r.ed.._ . — — — ___________ _________

BIT #6 0916 red — — — ________ — ____________ — V

17 BIT 47 — 0917 red — — — ___________ _____________ —

BIT #8 0918 red __________ ____________ —

19 BIT #9 0919 red ___________ ____________

20 BIT #10 0920 red — — ___________ _____________ —

21 BIT #11 0921 red ___________ ____________

22 BIT #12 0922 red ___________ ____________

23 BIT #13 0923 
________ 

red ________ _____________

24 BIT #14 
— 

0924 red ___________ _____________

BIT # 15 09 25 _~red — — — __________ ___________

BIT # 16 09 26 - _______ red — — — ___________ ____________ —

_PJs ~~ 
- 

_______ — —x—— — ________V.— — __________

SELECT SPARE 
__________ — _______ 

X _______ ____________

29 SELECT C. 1101. 04U._ V. Wh — _ L — _ __ __________

3 P/S SPARE 
—______ 

X 
______ X

31 START !! ~~~~~~~~~ V . V .  1216 _ _____ h.1.u . — )~
__ — ______ —— ——-—  ~~~~~~~~~- —

32 REF. CHOP 1103 , 1309 , 0.32Z gra 
— ~~~~~~~ _ _  — . _-~ -- _____ ——

33 RE AD /WRITE 1108 
- 

yb  X 
______ 

X

34 +12V 1I~~__ .. red 1... —

35 CO~~ION 0935 blk X —

NIt IS 
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F 11 F . 1 . 1 1

Boord T i t l e  - ~DAPI.VS~.!1V- ._ -_ B c o r~i Number - —

Ha r n e s s  Postn

Pin - - -  T w i s t e d  Shielded &
Funct ion Connec ted  To Color T w i s t e d  Pair

C)
L C ft With in

SELECT C. 
-— 

1( 1J~~ ( i -U I 
- 

wt  I
DI I I CLO (V~ - 

0 1 02  
- 

I 
- — 

x

__VV V~~ - 
FIf E I HOP 

— - 
u I  1 (~ ~‘ , I ~ - 1 - -  I

4 l l ( M I . RESET 
- 

u N ~~~ ~~ ( N N  1: 
—

5 
- 

( O ~ ’~~O/ P ( 1 / J I , ( I (  H. - -

6 SE R  V DATA ifil T I i ( ( 5  - I J ~ — —

S E IVEC T T V  N N , H V V.~~N I .  I 
-

_ VE~ AL VL~~~kILV - - - -~-

9 SF V R .  DATA I N  ( I5 ~~~V~~~ i l ( ;2 - ~~ I

10 T. S ION B I T  
-

S P A R E  
~~ — 1V I

12 SPARE I/ P 11: .
13 COMP . T . P V ( / 1 ( I/ l i  i.- ;b1~ I -

14

15

16
— — — — - -  - — - -  

~~ o1~ -0 I:~   
-   -

~~~~ GATED CL ~~~~ ~~~~~~~ 
W ( N J S 1 - i  - x -    — -

PARALLEL Sh i FT 0~~~~ jjj~~ - - 
W-I ( ( - r T (  8 - - -

_~~~~~~j /P  i 1 L ~ 1 12 5  J ~~~
- +  -- - - -

SPARE i/P 
_ _  112~~.J ~~~ _ _ — - — - — -- - -

26 SPARE I/P 
-— 1~125 ,~ L12/ ~i~~  -  —— -V . - --

~i!i ~~~tLY _~ -- J.i2V~ A LLL V.. b1k -

28 PRESS. SIGN BIT - - —- -

29

30 5o 1
~~~-~~ QJ1.L Q2L2. ~ rn  - X - - _ _ —

31

+6V  1(625  (IT ~ - 1U AV.~~VU~~ -- - - — --

33 A / S R E S E T  - ~~~ W2~~ 1 X ___

±12V -  
j~7~( .  V . _ V ._ — - - - - ll~~~~il.1~

COtQION 
-- - i~~7 , 1 : 3 5  - - iU2 I~~~~4

V~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ 
— 

~~~~~~~~~~~~~~~~~~ 
— -

~~ ~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~ -- 
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6.

PARTS LISTS

Underwater Uni t Par t Number Page

Pressure Interface OO1 -PC-O1 -2 6.1.1

Temperature Interface 002-PC-O1-2 6.1 .2

Fast Response Temp. Interface 003-PC-0l-1 6.1.3

Conductivity Interface 004-PC-Ol -2 6.1.4

Oxygen Interface (Optional) 020-PC-.Ol-O 6.1.5

Power Supply (U.W.U) 008-PC-Ol-- O 6.1.6

AC Comparator 005-PC-f)] -1 6.1.7

0/A Converter 006-PC-Ol-1 6.lJ~

Dig itizer Logic 007-PC-Ol-1 6.1.9

Memory & Mul tip lexer 0lO-PC-0l-l 6.1.10

Adaptive Sampling C10009- 6.1.11

TTY Forma tter ‘
~ FSK Mo dulator Ol~ -PC-01-l 6.1 .12

Signal Generator C10066- 6.1.13

Sensor Head 019-PC-Ol-1 6.1.14

Elec tronics Chassis 6.1 .15

Deck Un it Part number

Display Card 016-PC-02-l 6.2.1

Number Converter 015-PC-02-0 6.2.2

D/A Converter 0l7-PC-02-l 6.2.3

Demodulator flh i~_ PC_ 02_l

Opt i on Car d 6 .2.5

Power Supply (D.U.) 018-PC-O2-O E.2.6

Chass is Mounted Circuits 6.2.7 
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PRESSURE INTERYACE 6. 1 .1 . 

-

(UWU) - 
-

Circuit Board 001—PC—O1—1

Capacitors Resistors

C3 33 pf 5% Silver Mica R.]. 2.21 kilohin RN6OC metal film 1%
C4 2000 pf 5% Silver Mica R2 2.21 kilohin RN6OC metal film 1%
C6 10 ufd 10% Sprague 150D 20v R3 33 ohm RN6OC metal film 1%
C7 100 ufd 10% Sprague 1SOD 20v R4 T.B.D. RN6OC metal film 1%
C8 8200 pf 5% Silver Mica R5 T.B.D. RN6OC metal film 1%
C9 8200 pf 5% Silver Mica R6 3.32 megohm RN6OC metal film 1%
ClO T.B.D. 5% Silver Mica R7 T.B.D.
Cli T.B.D. 5% Silver Mica R8 T.B.D.

R9 33.2 kilohin RN6OC metal film 1%
RiO 20 kilohm RN6OC metal film 1% -

(

all 49.9 kilohm RN6OC metal film 1%
Connector R12 5.62 kilohm RN6OC metal film 1%

Rl3 47.5 kilohm RN6OC metal film 1%
Elco 7022—035—000—001 R14 1 kilohtn RN6OC metal film 1%

RiS 221 ohm RN6OC metal film 1%
Rl6 499 ohm RN6OC metal film l~
R17 221 ohm RN6OC metal film 1%

Diodes R18 1 megohm ¼ watt carbon 5% - -
Rl9 1 megohm ¼ watt carbon 5%

CR1 iN 914 R20 200 ohm Vlshay 0.1%
CR2 iN 914 R21 T.B.D.
CR3 iN 914 R22 T.B.D.
CR4 iN 914 ‘~CR5 iN 914
CR6 iN 914 —

Sockets

1 Augat 514—AG—1OD
Inductors

Ll 3OmN Triad EM—030—A Transformers - - ,

Ti 001—T1—01—O NBIS
T2 001—T2—01—0 NBIS - 

-

Integrated Circuits T3 00i—T3—01—0 NBIS

iCi CD4O11AE Quad NAND Gates

Transistors

Potentiometers Qi. 2N 4250
Q2 2N 5089

P1 1. kilohm Bourns 3009Y Q3 2N 4250
P2 10 kiiohm Bourns 3009Y Q4 2N 5638
P3 20 kiiohm Bourns 3009Y Q5 2N 5089
P4 1 kilohm Bourns 3009Y Q6 2N 5638
P5 100 ohm Bourns 3009Y

— — .— ~~~~~~~ --—— — —-—S— - ~~~~~~~~~~~~~~~~~~~~~~ — -.-——-——- -—~~~~~~ ——— 
_~~~

-_ ~-
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TEMPERATURE INTERFACE 6. 1 . 2
( UWU )

Circui t  Board 0O2— PC—O 1— 1

Capacitors Resistors

Cl 33 p f 5% Silver Mica Ri 20 kilohm RN6OC meta l f i lm 1%
C2 10 ufd 10% Sprague l5OD 20v R2 2 kilohm RN6OC metal film 1%
C3 100 ufd 10% Sprague l5OD 20v R3 200 kilohm RN6OC metal film 1%
C4 8200 p f 5% Silver Mica ~4 49.9 kilohm RN6OC metal film 1%
C4A T.B.D. R5 5.62 kiiohm RN6OC metal film 1%
C5 8200 p f 5% Silver Mica R6 47.5 kilohm RN6OC metal film 1%
C5A T.B.D. R7 1 kilohm RN6OC metal film 1%

R8 499 ohm RN6 OC metal f i l m  1Z
R9 392 ohm RN6OC metal film 1%

Connec tor RIO 392 ohm RN6OC me tal f ilm 1%
Ril 1 megohm ‘~ watt carbon 5%

Elco 7022—035—000—001 Rl2 44.84 ohm Vishay 0.1%
R13 300 ohm Vishay 0.1%
Rl4 4.99 kilohm RN6OC metal film l’-/
R15 1 megohm ¼ watt carbon 5%

Diodes R16 33.2 kilohm RN6OC metal film 1%

CR1 iN 914
CR2 iN 914
CR3 iN 914 Sockets
CR4 iN 9i4 

-

CR5 lN 914 1 Augat 5l4—AG— 1OD
C1~6 iN 914

Transformers

Hardware T2 002—T2—Ol—O NBIS
T3 002—T3—O1—0 NBIS

2 #4/40 x 5/8 Nylon Screws
2 #4 Nuts

Tra nsistors

Induc tors Ql 2N 4250
Q2 2N 5089

Li 3OmH Triad EM—030—A Q3 2N 4250
Q4 2N 5638
Q5 2N 5089

Integr ated Circuits Q6 2N 5638

id CD4O11AD Dual input Quad NAND

NOTE:

Potentiometers Fishay Resistor R
F 

is situated in the Sensor
Housing.

P1 5 kilohm Bourns 3009Y
P2 5 kilohm Bourns 3009? = 10 (R01 + R

02
) (+ 0 . 1%)

P3 2 kilohm Bourns 3009Y
R + resistance of thermometer element01 l a t O°C

R = resistance of thermometer element02 o2 a t O C

- - - —.~~~~~~,- 
- - — ----- .- . - - - - -~~~~~~~~ -5 - - - -.- --~~~ —
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FAST RESPONSE SENSOR 6 .1 .3
(UWU)

Circuit Board 003—PC—01—l

Capacitors Resistors (con’t)

Cl 50 p1 5% Sliver Mica R4 10 kilohm
C2 1.0 ufd 10% TRW 50v R5 470 ohm
C3 10 u fd 10% Sprague l5OD 20v R6 100 kilohm
C4 10 p1 5% Silver Mica R7 220 ohm
C5 1.0 ufd 10% TRW SOy R8 3.3 kilohm
C6 8200 p1 5% Silver Mica R9 270 kilohm
Cl 0.1 ufd 10% TRW 50v RiO 270 kiiohm
CS 0.1 ufd 10% TRW 50v Ru 10 kiiohm
C9 .0033 ufd 10% Sprague 192P 80v R12 100 kilohm
ClO 0.1 u fd 10% TRW SOy Rl3 100 kilohm
Cii 30 pf 5% Sliver Mica Ri4 4.7 ohm
C12 1.8 ufd 10% TRW 50v R15 10 kilohm
C13 0.1 ufd 10% TRW 50v Rl6 1 kilohm
Cl4 330 pf 5% Silver Mica Ri? 1 kilohm
C15 100 ufd 10% Sprague i5OD iOv R18 10 ohm

R18A T.B.D.
Ri9 180 ohm
R19A T .B.D.

Connector R20 1 kjlohm
R2 1 10 ohm

Elco 7022—035—000—001

Diodes Sockets

CR1 iN 914 3 Augat #514_AG~ 10D
CR2 iN 914

Terminal Post
Inductors

1 Cambion #160—1043—03—01
Li 003—Li—UI—U NBIS

Transformers
Integrated Circuits

Ti O03—T1—O1—0 NBIS
lCl MEM78OP Gen. Inst. Quad MOSFET T2 003—T2—Oi—O NBIS
1C2 uA749DC Fairchild Dual Op. Amp.
1C3 MEM78OP Gen. Inst. Quad MOSFET
lC4 LM2O8AD Nat. Semi. Op. Amp .

Potentiometers

P1 10 kiiohm Bourns 3009Y
P2 10 kilohm Bourns 3009Y

Resis tors
¼ watt carbon 5% (unless noted)

Ri 1.91 kilohm RN6OC metal film 1%
R2 100 kilohm
R3 22 kiiohm

_________  _ _  --~~~~~~~~~~~~ - - - -~~~--~~~~~~~~~- - - ~ rn ~~~~~~~~ - —---
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CONDUCT I VI TY INTERFACE 6 1 4

Circuit Board 004—PC—0l—2

Cap~ cl tor s  Res is tors
RN6OC metal film (unless noted) 1%

Ci 10 ufd 10% Sprague 1SOD 20v
C2 100 u fd 10% Sprague l5OD 20v Ri 49.9 kilohm
C3 390 pf 5% Silver Mica R2 49.9 ki lohm
C4 8200 pf 5% Silver Mica R3 4.99 kilohm
C4A T .B.D. R4 1 kilohm
CS 8200 pf 5% Silver Mica R5 392 ohm
C5A T.B.D. R6 392 ohm —

C6 10 ufd 10% Sprague 15OD 20v R7 1 kilohm
Cl 8200 pf 5% Silver Mica R8 4 7 . 5  k i lohm
C7A T.B.D. R9 49.9 kilohm
C8 8200 p f 5% Silver Mica RiO 40 kiloht~ RN5SC
C8A T.B.D. Ru 10.0 kiiohm RN55C
C9 100 ufd 10% Sprague lSOD 20v R12 1 k i l o h m
C1O .0018 ufd 10% Sprague 192P Rl3 33.2 kilohm

Rl4 5.62 kilohm
R15 499 ohm
Rl6 1 megohm

Connector R17 4.9 kiiohm Vishay S102 .01%
R18 33.2 kilohm

Eico 7022—035-000—001

Sockets
Diodes

1 Augat ~6l6—CG—l
CR1 iN 914 1 Augat #516—AG—D 

—

CR2 iN 914
CR3 lN 914
CR4 iN 914
CR5 iN 914 Transformers
CR6 iN 914

Ti 004—11—01—0 NBIS
T2 004—T2--Ol-O NBIS

Hardware T3 004—T3—0 1— 0 N B I S
T4 0 0 4— T 4— 0 1 --0 N B I S

2 #4/40 x 5/8 Nylon Screws
2 #4 Nuts

Tr ans i s to r s

Inducto  Q 1 2 N 4 1 2 2

Q2 2N 5089
LI 30 thH Triad EM-030--A Q3 2N 4250
L2 30 mH Traid EM—030--A Q4 2N 4250

Q5 2 N  5 6 3 8
- Q6 2N 5089

P o t e n t i o m e t e r s  Q7 2N 4122
Q8 2N 5089

P1 5 kllohm Bou rns 3009Y
P2 i kilohm Bourns 3262P

_______________________ --



_________ - -  - ~~~~~~ ~~~~

OXYGEN BOARD

Circui t  Board 020—PC—O 1—O

Jaa t~ r~ Regulatorn

21 .33 ufd 10% Miniature Ceramic Zi A1 5F- O
22 .01 ufd l01~ M iniature Ceramic
C3 10 ufd l0~ Sprague 150D 20v 

________

027 ufd lO~1 Minia ture  Ceramic
25 470 ~f 5~ Silver Mica 81 10 kilob .j ns -

~ w carbo~., r- ’

.022 ufd 192P Sprague 82 - .1 kilohinc 82(02  Metal Fi1r~
07 200 pf 91 Silver Mica 83 22.1 kilc hir~ 82(00  ~ c- ±a F1~~
02 200 p f  5,1 Silver Mica 84 22 megchric -

~ w carbor ,
200 pf ~-1 Silver Mica 85 1.2 megohm s 526CC Mr~ta0 FC —.

210 OO fl j~f  5~ Silver Mica 86 100 kil?hrr : 82(00 ~‘ ~-~~1

87 499 kil~~-~-~~ 52(0 : Y- - - - Fit-.
PP 22 merchrn : -

~ w ::arbc: , ~~
:- .~~~. - .:~~~r : 8’- 392 k ic-h~ r 82(00 ~-~ -ta F u n

PlC - c ’ ~5 k i 2 ü h~ : R ::600 ~(ota l F u n
1 Elcc #7022—3~— 0 C0 —CO1 811 33 k~ 1:hri: -

~

- w oarb:~i ,3 Au~ at ~ 5 0 2 —AG— i1 812 33 2ilohn c ~ w narbcr . ,
4 Au~rat ~~ 1-~—AG— 102 R13 ~2C kilohm s -

~ w oarb~~:. ,
7 A~~~:t~ ~~ i~ —AG —l 0D 51- ’ - - 33 kilohni s ~ w

515 22 kilohn c -
~ w oarbon ,

816 22 9- kiiohm c ~ w .?arhcr , 9~

Dl 1% 912 
_____________

D2 1% 914
1:: ~i c -  22 420 1
1% 914 Q2 2% ‘~1C1
CVA 43A Zerier

Integrated Circuitn
Ti Triad , C o— (?

F Id iA 776TC
1C2 LF 355H
103 iA 776TC
104 CD 4O66 AE
1C5 CD 4013 AE
106- MC 14572 CP
1C7 CD 4021 AE
109 CD 4021 AC
1C9 CD 4040 AC
i( i 0  CD 4024 AE
loll co 4013 AE
1212 CD 4015 AC
1C13 -OP 4021 AE
ICl4 CD 4029 AC

Pote’i ~Jc-n’

P1 100 kilohins Bourns 3009Y
P2 50 kilohrn s Bourns 3009Y
P3 100 kilohin s Bou.rns 3009Y
P4 20 kilohin s Bourns 3009Y

_ _ _
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POWER SUPPLY 6.1.6

(UWU)
Ci rcuit Board 00 8—PC— Oi—O

Capacitors Resistors (con ’t)

Ci 100 p f 5% Silver Mica R3 10 kiiohm
C2 1000 ufd Sprague 39D lOis R4 100 kiiohtn
C3 10 ufd Sprague i5OD 50v R5 470 ohm
C4 .1 ufd 10% TRW 50v R7 2.7 kilohm
CS 100 ufd Sprague 1SOD 20v R8 560 ohm
C6 1 ufd 10% TRW 50v R9 15 ohm
C7 2500 ufd Sprague 39D iSv RiO 560 ohm
C8 .0018 ufd 10% Sprague i92P 200v Ru 4.7 ohm

1112 560 ohm
R 13 1 kiiohm
Ri4 4.7 kilohm
RiS 220 ohm

Connector Ri6 470 ohm
Rl7 470 ohm

Eico 7022—035—000—001 Ri8 470 ohm
R19 10 kiiohm

Diodes

CR1 1N458A Sockets
CR2 1N9l4
CR3 lN9 14 1 Augat #514—AG—1OD
CR4 1N9i4
CR5 iN94i (Zener)

Transis tors
Hardware

Qi 2N3638A
2 Screws/Pan Head 2/56 x ¼ Q2 2N3566
2 Hex nuts #2 Q3 2N4i22
2 Inter.  Tooth #2 Q4 2N3566

05 2N49l2
06 2N4 l22
Q7 2N3566

Integrated Circuits

iCi Au723 Fairchild Op. Amp.

Potentiometers

R6 500 ohm Bourn s 3009Y

Resistors
¼ watt carbon , 5%

Ri 27 ohm
R2 1.5 kiiohm

- 
—.--- -- ----- - --- .-  — .-— _

~~~~~~~~~ ci~ - 
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~~~~~~



6.1. 7
A. C. COMPARATOR AND AUTOMATIC QUADRATURE BALANCE

( UWU )
Ci rcuit  Board 005— PC —Oi — l

Capacitors Terminal Post

Ci 1000 pf 2% Sliver Mica 4 Cambion #160—1043—03—01
C2 S pf 5% Silver Mica
C3 .01 ufd 10% Sprague i92P 80v 

-

C4 .033 ufd 10% Sprague l92P 80v Transformers
CS .001 ufd 10% Sprague i92P ~00v
Ct, .01 ufd 10% Sprague i92P 80v Ti 0 05 — T l— O i— O NBIS
C7 330 pf 5% Sliver Mica T2 005—12—01—0 NBIS
Ca ioo ufd 10% Sprague i5OD 20v

.018 u f d  10% Sprague 192P 80v
C11) .0039 ufd 10% Sprague 192P 80v
Cli 10 pf 5% Silver Mica 11esistors
C12 3 - ) i~ p f 5% Sliver Mica

21 10 kilohm ¼ watt  carbon 5%
112 47 ohm ¼ watt carbon 5%
R3 10 kilohm ¼ watt carbon 5%
114 10 ki iohm ¼ wat t  carbon 5%

Connector 115 33 kliohm ¼ watt  carbon 5%
116 330 ohm ¼ watt carbon 5%

Elco 7022— 035-000—001 117 3.3 kiiohm ¼ watt  carbon 5%
R8 150 k ilohm ¼ wat t  carbon 5%
R9 1 k i loh m ¼ wat t  ca rbon 5%

Diodes RiO 10 kiiohm RN6OC metal  f i lm  10
RI! 10 kilohm RN6OC metal film 11

CR1. iN 914 1112 10 kiiohm RN6OC metal film 1%
cR2 iN 914 1113 3.3 ki lohm ¼ watt carbon 5%
CR3 lN 914 Ri4 15 ohm ¼ watt  carbon 5%
CR4 iN 914 RiS 1 kllohm ¼ wat t  carbon 5%
CR5 iN 914 Ri6 18 kilohm ¼ watt carbon 5%
CR6 IN 914 Ri] 33 ohm ¼ watt carbon 5%

1118 1 klloh m ¼ wat t  carbon 5%
Rl9 33.2 kiiohm RN6OC metal  f i lm 1%
R20 22 k l lohm ¼ wat t  carbon 5%

Integrated Circuits 1121 3.3 kilohm ¼ wat t  carbon 5%
R22 4 . 7  k i lohm ¼ wat t  carbon 5%

id 749DC Fa i rch i ld  Dual Op. Amp . 1123 33.2 ki lohm RN 6OC metal  f i lm  10
lC2 ?49DC ~airchl1d Dual Op. Amp . R24 33.2 kilohm RN6OC metal  f i lm 1%
1C3 776TC Fairchi ld Dual Op. Amp . R2 5 33.2 kliohm RN6 OC inttal f i l m  1%
1C4 777TC Fairchild Dual Op. Amp . R26 10 kiiohm RN6OC metal f i lm 1%
1C5 796HC Fairchild Dual Op. Amp . R27 10 kiiohni RN6OC metal film 1°!.
1C6 MEM78OP Gen. Inst. Quad Mosfet R28 10 kllohm RN6OC metal film 1%

R29 3.3 kilohm ¼ watt carbon 5%
R30 15 ohm ¼ watt carbon 5%
R31 1 kilohin ¼ watt  carbon 5%

Potenti ometers R32 33.2 kilohm RN6OC metal film 1%
R33 33.2 kllohm RN6OC metal film 1%

Fl 100 kilohm Bourns 3009Y 1134 33.2 kliohm RN6OC metal film 1%
P2 10 kl lohm Sour-m s 3009Y R35 33.2 ki lohin RN6OC metal f i lm  1%
P3 100 k i lohm Bourns 3009Y R36 10 kilohm RN6OC metal film 1%

R37 220 ohm ¼ wat t  carbon 5%
R38 1 megohm ¼ watt carbon 5%

Sockets R39 15 kilohm ¼ watt  carbon 5%
R40 18 kilohm ¼ watt  carbon 5%

3 Augat i/514—AG—LOD
2 Augat fl508—AC—l—1 ) 

-~~---- ---~~~~~~ - - —  ---~~~~~~
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6. 1 . 7 ( 2 )
A.C.  COMP ARATOR AND AUTOMATIC QUADRATURE BALANCE (con ’t)

Resistors (con ’t)

R4l 10 megohm, ¼ watt carb on , 5%
R42 470 ohm , ¼ watt carb on , 5%
R43 470 ohm , ¼ watt carbon , 5%
R44 15 kilohm , ¼ watt carbon , 57.
R45 1 kllohm , ¼ watt carb on , 5%
R46 820 kilohm , ¼ watt carbon , 5%



D/A CONVERTER 6.1.8
(UWU)

Circuit Board 006—PC—Ol—l

Connector Transistors (con’t)

Elco 7022—035—000—001 Ql6 2N 5638
Q17 2N 5638
Q18 2N 5638
Qi9 2N 5638

Integrated Circuits Q20 2N 5638
021 2N 5638

id CD4O49AE Hex Inverting Buffer Q22 2N 5638
1C2 CD4O49AE Hex Inverting Buffer Q23 2N 5638
1C3 CD4O49AE Hex Inverting Buffer Q24 2N 5638

Q25 2N 5638
Q26 2N 5638
Q27 2N 5638
Q28 2N 5638

Resistors Q29 2N 5638
Q30 2N 5638

Ri 33 ohm , ¼ watt carbon , 5% Q3i 2N 5638
112 33 ohm , ¼ watt carbon , 5% Q32 2N 5638

Sockets

3 Augat #5l6—AG—1OD

Transformers

Ti 006—Tl—Ol—0
T2 0O6—T2—O1—0
T3 006—T3 — O l—O

Transistors

Qi 2N 5638
Q2 2N 5638
Q3 2N 5638
Q4 2N 5638
Q5 2N 5638
06 2N 5638
Q7 2N 5638
Q8 2N 5638
Q9 2N 5638
QiO 2N 5638
Qll 2N 5638
Q12 2N 5638
Q13 2N 5638
Qi4 2N 5638
QiS 2N 5638

-- -~~~~~~~ - - -~~ -~~ -—--_-~~~~~~~~~~~ ~~~~--—~~-~~~~~~~~~~ --~~~~~~~ - -- ----- ~~~- - -



DIGITIZER LOGIC AND QUADRAT URE MEMORY 6. 1 . 9
(
~~~)Circuit Board 007-PC—Ol—].

Connector

Eico 7022—035—000—001

Diodes

CR1 lN9l4)
CR2 lN9i4) Optional Use
CR3 lN9 14)
CR4 lN9l4)

Integrated Circuits

1C1 MC].4549CP Successive approximation Register
1C2 CD4O21AE Shift Register
1C3 MC14549CP Successive approximation Register
lC4 CD4O21AE Shift Register
iC5 CD4O13AE D type Flip—Flip (dual)
1C6 CD4O13AE D type Flip—Flop (dual)
iC7 MEM78OP Quad MOSFET (optional use)

Sockets

4 Augat #514—AG—1OD
4 Augat #516-AG-lOD

Terminal Post

1 Cambion #160—1043—03—01



-~~ -

MEMORY AND MULTIPLEXE R 6 .1 .10
(UWU)

Circuit Board 01O—PC—01—l

Capacitors Resistors
¼ watt carbon 5%

Ci 220 pf 5% Silver Mica
C2 330 pf 5% Silver Mica Ri 10 kilohm
C3 330 pf 5% Silver Mica R2 10 kilohm
C4 .001 ufd 10% Miniature Ceramic R3 10 kilohm
C5 330 pf 5% Silver Mica R4 10 kilohm
Cl 220 pf 5% Silver Mica 115 10 kilohm
C8 .082 ufd 10% Miniature Ceramic R7 10 kilohm
C9 .001 ufd 10% Miniature Ceramic R8 68 kiiohm

R9 10 kilohm

Connector
Sockets

Elco 7022—03 5—000—001
4 Augat #514—AG—1OD
8 Augat #5l6—AG—iOD

Diodes 2 Augat #524—AG— 1OD

CR1 iN 914
CR2 lN 914

Integrated Circuits

lCl CD4O39AE Random Access Memory
lC2 CD4O39AE Random Access Memory
lC3 CD4Q2 1AE Shift Register
iC4 CD4O2 1AE Shift Register
ld5 CD4O21AE Shift Register
iC6 CD4O21AE Shift Register
lC7 CD4O2 1AE Shift Register (Optional)
iC8 CD 4O21AE Sh i f t  Register (Optional)
iC9 CD4O19AE MD/OR Select Gates
lClO CD4O17AE Counter
iCil CD4O13AE Flip—Flop
lCl2 CD4OL3AE Flip—Flop
lCl3 CD4O13AE Flip—Flop
1C14 CD4O13AE Flip—Flop 



-~~~~ 
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6. 1 . 11

MARK II I and MARK Ilib CTD ADAPTIVE SAMP LING BOARD
(UWU)

NBI S Assembly Number C10009

Capacitors Resistors

Cl .1 ufd  10% minature ceramic Ri 3.3 kiiohms ¼ watt carbon 5%
C2 .01 ufd 10% minature ceramic R2 33 kilohms ¼ watt  carbon 5%

R3 33 kilohms ¼ watt  carbon 5%
R4 10 kilohms ¼ watt carbon 5%
R5 3.3 kiiohms ¼ watt carbon 5%

Circuit Board R6 33 kilohms ¼ watt  carbon 5%
R7 22 kilohins ¼ watt carbon 5%

30006— R8 33 kilohms ¼ watt carbon 5%

TransistorsConnector

Qi 2N 4124Elco 7022 
Q2 2N 4126
Q3 2N 4126
Q4 2N 4124
Q5 2N 4124

Diodes

CR1 iN 914

integrated Circuits

Id CD4O17AE Counter
1C2 CD4O13AE Flip—Flop
1C3 CD4O13AE Flip—Flop
IC4 CD4O7 1BE Quad OR
1C5 CD4O13AE Flip—Flop
IC6 CD4O13AE Flip—Flop
1C7 CD4O2 1AE Shift  Register
1C8 CD4O81BE Quad AND
1C9 CD4O17AE Counter

_ —-.-—--— -- --~~~ 
,—_ -—---- -

~ — - - - -——--— 
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6.1.12

TTY—FSK
( UWU)

Circuit Board Oi4—PC—01—0

ç~ p~ic i tor s R e s i s t o r s  (con ’ t )

Cl 220 pf 5% SIlver Mica Rl2 33 kilohm
C2 .082 ufd 10% Miniature Ceramic 1113 33 kilohm
C3 1 ufd 10% TRW 5Ov R14 33 kilohm
C4 .15 ufd 10% Miniature Ceramic 1115 33 kilohm
CS 1 ufd 10% TRW SOy Ri6 33 kilohm
db .33 u f d  10% M i n i a t u r e  Ceramic R 17 33 ki lohm
C7 100 u f d  10% Sprague 15OD lOv 1118 33 ki lohm
C8 470 pf 5~’ S i l v e r  Mica

c_onnec to r s  Switches

1 Elco ~7 O 22—3 5—0 OO — OO1 1 CTS #2 0 6— 8
9 Augat it514—AC—1O D
6 Augat  1~5 l 6—AG— l OD

Integrated Circuits Transformers

IC1 CD4O 17AE Counter  
014—Tl—O1—0 NBISIC2 CD4O 13AE F l ip—Flop

1C3 CD4O13AE F l ip—Flop
1C4 cD4O66AE Quad Bilateral Switch
ICS CD4O 15AE S h i f t  Reg i s ter
IC6 CD4001AE Quad NOR Gates
1C7 CD4O49AE Hex Bu f f er Transistors

1C8 CD4O2 1AE Sh if t R e g i s t e r
1d9 CD4O13AE F l i p — F l o p  

~~IC1O CD4O17AE Counter
ICll CD4O68AE Inpu t  NAND Gates
ICi2 CD4O13AE F l i p — F l o p
1d13 dD4025AE
IC14 dD4024AE Counter

Resistors
¼watt carbon 5% ( u n l e s s  n o t e d )  - 

-

ii

111 10 k ilohm
R2 18.2 kilohm RN6OC Metal Film
R3 18.2 k i l o h m  RN6OC Metal Film
R4 18.2 kilohm RN6Oc Metal Film
115 18.2 kilohm RN6OC Metal Film
R6 2.2 kiiohm
R7 3.3 kilohm
R8 1.8 kiiohm
R9 82 ohm
RIO 12 k i lohm
Rh 12 ki l ohm

___________________________
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6 . 1 . 13

SIGNAL GENERATOR
CIRCUIT BOARD 30001

Capacitors 
- Resistors (con ’t)

Cl 220 pf 5% Silver Mica R6 3.3 kiiohm
C2 62 pf 5% Silver Mica Ri 33 kilohm
C3 TBD R8 33 kiiohm
C4 5000 pf 5% Silver Mica R9 3.3 kiiohTn

CS .47 ufd TRW RiO 10 kilohm
C6 TBD 1111 27 kilohn,

C7 .1 ufd  TRW 1112 27 k i iohm
C8 .0033 ufd 192P, Sprague 1113 10 kilohm

C9 .022 ufd 192P , Sprague 1114 470 ki lohm
C1O .1 ufd TRW Rl5 33 ohm
Cli .022 ufd 192P , Sprague 1116 3.3 kilohni
Ci2 10 ufd 10% Sprague lSOD, 20v Rh 10 kilOhifl
Ci3 10 pf 5% Silver Mica 1118 10 kilohm
Cl4 10 pf 5% Silver Mica Rl9 33 ohm

P20 3.3 kilohm

Connec tors
Terminal Post

3 Augat #514—AC—1OD 
-

2 Augat I/5i6—AG—1OD 4 C~~bi~~ 1/140—1785—02—01—00
1 Eico #7022—035—000—001

Transformers

Crystals Ti Sig. Gem . t0]3—Tl—Oi—3

1 640 KHZ

Inductors Transistors

Li Sig. Cen . Li Qi 2N 5089
L2 82uf , WEE 82 Q2 211 4122

Q3 2N 3566
Q4 2N 4401

Integrated Circuits

ICl CD 4017 AE
1C2 CD 4040 AR
1C3 CD 4024 AR
1C4 CD 4013 AR
1C5 Ua 749

Resistors
¼ watt carbon , 5%

Ri 1.5 megohrn
P2 47 ohm
R3 3.9 kiiohni
R4 33 kilohm
115 100 kilohm
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6.1.14
SENSOR HEAD ASS~~BLY

1 BULKHEAD SEAL BLOCK , NBIS #005—SS—Ol-.0

1 SENSOR CLAMP , imis #0o6-ss—O1-O
1 SENSOR SEAL BLO CK , NBI S #007— SS—O 1—O

1 SENSO R MOUNTING BLOCK , NEIS #008-SS—O1—0
1 SENSOR GUAR D , NBIS #009-SS-O1—O

1 SENSOR HEAD BASE , NBIS #OlO-SS—Ol-O

1 SENSOR BASE , NBIS #O11—SS—O1—O

1 SENSOR BASE COVER , NBIS #012—SS—Ol-O

1 * OXYGEN ADAP RDR , NBIS #0l3—SS—O 1—O

1 CONDU CTIVITY PLUG ASS~ 1BLY , NBIS #003—CP—O1—0
1 THERMISTOR PLUG ASSE}’iBLY, NBIS #OO4~ CP~01-0

1 CONDUCTIVITY CELL ASSE~1BLY , NBIS #OOl—CC—O 1—O
1 THERMISTOR ASSET4BLY , NBI S #002—TC—0 1—O

1 TR ANSFORMER , NB IS #002—T1—O 1—0
1 CIRCUIT ~JAR D , NBIS #0 19—PC—O 1—O

1 THERMOMETER , ROSE~4ONT #171BJ

18 CAMBIO N TERMINAL BJST , #140—1785—02—01-00

16 HERMETIC SEAL CORP., SEALS #1045—934
12’ (DO NER WIR E , #NMV 2/2F~-736 SJ , D~ub1e
4 ’ OJONER WIR E , #NMV 1/2~ - —736 SJ , Single
32” COONER WIRE , #NUF 32-740
2 “0” RING S, #AR P 568—032
1 “0” RINGS , #ABP 568—303
1 “0” RINGS, #AR P 568—024
2 “0” RIN GS , #AR P 568—010
4 SCREWS , 4/40 x ~

-
, Flu ster socket, s/s

2 SCR EW S, 10/32 x 3/8, Panhead , s/s
2 INTERNAL TOOTH LOCKWASHER S , #10
3 SCREW S , 

~ 
x 2~ x 2 , Cap , s/s

1 SO CKET WRENCH ( 3/32 Hex Key)

OPTIONAL NOTE: If #013—SS-O 1—O is used , #0 12—SS—0 l—O is not required .

T.B .~~. VISHAY RESISTORS :
HP 202 1.8534 kilohms)

1.854 2 kilohins) .01%
1.8526 kilohxns) 

~~~~~ -~~~~~ - -~~~~~~~~~~ --~~~~~~- ---- - ---~~~~~~~ - - - --—--~~ - --
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6 . 1 .15

UNDER WA TER UNIT ELECTRONICS CHASSIS

End Plates B10031 2 each
R i g h t Card Guide B13032 1 each
Left Card Guide B10033 1 each
Card Guide B1OO3~ 1 ~ i r h
Connector ~OO-7OO8-O35-1S3-OO1 13 each
Screws ~4/4U x 5/8 Pan h ead 2~ each
Nuts ~4 26 each
In terna l  Too th Lock washers ~~l 2E each
Sc rews ~6/32 x 3/8 Flat Head 8 each
Screws ~6/32 x3/8 Pan Head 8 each
In tern al Too th Loc kwashers ~6 8 each
Groun d Lu g ~6 1 each
Connector ~XSG-2-IDC-2 1 each
Connector .-P T_06A_ 8_4P(SR ) 1 each
Diode ~1N2936 1 each
Bottom End Cap B10030 1 each
Top Cap B10029 1 each
Pressu re Case B1~ fl28-G1 1 each
Roc hester Connec tor ~XSG- 2BCL 1 eac h
V-Band Clamps ~.l2O_ 3_ 712 2 eacn
Guard Cage B10044 1 each
Rochester Connector ~RMG-2-FS 1 each
Rocheste r Connector ~G-ELS-P 1 each
Sea Data Extender Card ~DA2 1 1 eac h
Crate 1 each
Hex Wrench 3/32 1 each

------.-- - - - - -

~
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6. 2.1
DECK UNIT

DISPLAY CARD
Circuit Board 0l6—PC—02—l

Hardware Resistors (con ’t)

2 Ejectors w/p ins *Rl7 150 ohm
12 Cambion Terminal Post #160—1043—03—01 *R18 150 ohm
18 Display l/HP—5082—73O2 (*40)
2 Display (/HP—5O82—7304 (*4)

Integrated Circuits Sockets

lCl CD4O5OAE Hex B u f f e r  6 Jermyn #A2 3—2 O23 (*8)
lC2 CD4O5OAE Hex B u f f e r  3 Jermyn 1/A23-2030 (*4)
lC3 CD4O5OAE Hex B u f f e r  6 Augat #5l4—AG—1 OD
lC4 CD4O5 OAE Hex B u f f e r  13 Augat #516—AG—1OD
1C5 CD4O 19AE Quad AND/OR Select Gate
lC6 CD4O5 OAE Hex B u f f e r
1C7 CD4O5OAE Hex Buffer
iC8 CD4O5 OAE Hex Buffer
lC9 CD4O5OAE Hex Buffe r
iClO CD4O12AE Dual 4 Input NAN D Gate
lCll CD4O12AE Dual 4 Input NAND Gate
1C 12 CD4O 12AE Dual 4 Inpu t NAN D Gate
1C13 CD4OSOAE hex Buffer
lCl 4 CD 4O5OAE He x B u f f e r
lCl5 SN74174N Hex Latch
lCib CD4OI2AE Dual 4 Input NAN D Gate
1C17 CD4O 12AE Dual 4 Input NAN D Gate
lCl8 SN7 4 174N Hex Latch
lCl9 CD4O 12AE Dual 4 Input NAN D Gate

Resistors
¼ watt  carbon , 5%

*R1 330 ohm
*p .2 330 ohm

R3 330 ohm
R4 330 ohm

*~3 330 ohm
*R6 330 ohm

Ri 330 ohm
118 330 ohm
*R9 330 ohm
*RlO 330 ohm
*Rll 330 ohm
*Ri2 330 ohm
*1113 150 ohm

Ri4 150 ohm
Rl5 150 ohm
1116 150 ohm

NOTE : * OPTIONAL USE 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~--~~~~~~~~~~~ --~~~~~~~~~~~~~
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_ _ _

6.2.2
DECK UNIT

NUMBER CONVERTER
Circuit Board O15—PC—02—O

Ca1acitors Potentiometers

Cl 100 pf 5% Silver Mica P21 5 Kilohm Bourns 3009Y
C2 100 pf 52~ Silve r Mica
C3 330 p f 5~ Si lve r Mica
C4 100 pf 5% Silver Mica

Resis tors
¼ wa tt carb on , 5%

Hardwar e Rh 10 kilohm
R2 10 kilohm

2 Ejectors w/pins R3 3.3 kilohm
4 Cambion Terminal Post #140—1785—02—01 R4 10 kilohm

115 10 kiiohm
R6 3.3 kilohin
R7 10 kilohm

In tegra ted Circ ui ts R8 10 ki lohm
R9 3 .3  kilohin

id SN74165 Shift Register RiO 10 kilohm
1C2 CD49 19AE Quad AND/OR Select Gates Ru 10 ki lohm
1C3 CD4O3SAE 4 Stage Shift Regis te r  Rl2 3.3 kilohm
1C4 CD4O35AE 4 Stage Shift Register R13 10 kilohm
lC5 CD4O35AE 4 Stage Shift Register Rl4 10 kilohm
1C6 CD4O35AE 4 Stage Shift Register R15 3.3 kilohni
1C7 CD4O35AE 4 Stage Shift Register R16 10 kilohm
iC8 SN74 165 Shif t Re gister 1117 10 kilohm
1C9 CD4O19AE Quad AND/OR Select Gates R18 3.3 kilohm
1C1O CD4008AE 4 Bit Full Adder Rl9 10 kilohm
lCli CD4008AE 4 Bit Full Adder R2O 10 ki].ohm
lCl2 CD4008AE 4 Bit Full Adder 1121 10 kilohm
lCl3 CD4008AE 4 Bit Full Adder R22 15 kilohm
1C14 CD4008AE 4 Bit Full Adder R23 2.2 kiloh~i
lCi5 SN7402 Quad 2 Input NOR Gates
lCh6 CD4O17AE Decade Counter
lCi7 CD4O23AE Triple 3 Input NAN D Gates
1C18 CD4O23 AE Tr iple 3 Inpu t NAND Gates Sockets
lCl9 CD4O23AE Triple 3 Input  NAN D Gates
1C20 CD4O23AE Triple 3 Input NAN D Gates 15 Augat  # 5 l4—AC—lOD
lC2 l CD4O23AE Tr ip le  3 Input NAN D Gates 17 Augat  #516—AG— h OD
1C22 CD4O5OAE Hex B u f f e r
1C23 CD4O11AE Quad 2 Input NAN!) Gates
1C24 CD4O13AE Dual D type Flir—Flop Transistors
iC25 CD4O 13AE Dual D type Fli p—Flop
lC2G CD4O13AE Dual D type Flip—Flop 01 211 2369
lC27 CD4O49AE Inverting Hex Buffer Q2 2N 2369
lC2R CD4O11AE Quad 2 Input NAN D Gates Q3 2N 2369
1C29 CD4O13AE Dual D type Flip—Flop Q4 2N 2369
iC3O CD 4001AI- Ouad 2 Input NOR Gates Q5 2N 2369
lC3l CD4O13AE Dual D tvnc~ Flip—Flop Q6 2N 2369
iC32 CD4OI1AE Quad 2 Inpu t  NAN D Gates

- ~~~~~~~~~~~~~ -—— - 
- -
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6.2 .3

DECK UNIT
D/A CONVE RTER

Circuit 1~oard 017—PC--02—1

Hardware

2 Elec tors w/pins
4 Cainbion Terminal Post #160-1043-03—01

I n e~~a~
teJ Circu i t s

lCl CD4023AE TRI 3 Input NOR Gates
1C2 CD4O11AE Quad 2 Input  NANL) Gates
iC3 CD4O19AE Quad AND/OR Select Gates
1C4 CD4O19AE Quad AND/OR Select Gates
lC5 CD4OI9AE Quad AND/OR Select Gates
lC6 CD4O5OAE Hex Non—Inverting Buffer
lC7 CD4001AE Quad 2 Input  NOR Gatos
lC8 CD4O5OAE Hex Non—Inverting Buffer
1C9 CD4O23AL TRI 3 Input NOR Gates
1C1O CD4OSOAE Hex Buffer
lCll SN 74 174AE Hex D type Fl ip—Flop
1C12 SN 74 17 1+AE Hex D type Flip—Flop
lCi3 SN74 174AE Hex D type Fl ip—Flop
lCi4 SN 74 174AE Hex D type Flip—Flop
lCl5 SN74 174AE Hex D type Flip—Flop
lCl6 SN74174AE Hex D type Flip—Flop
1C17 DAC—372 Hybrid Systems D/A Converter
1C18 DAC—372 Hybrid Systems D/A Converter
lCl9 DAC—372 Hy br id  Systems P/A Converter

Sockets

4 Au gat #514—AG—lOD
12 Auga t / / 516—A G—hOD

- - -~~~~~— ~~~~~~~~~~~ - — -  -
~~~~~~ 
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6. 2. 4
DECK UNIT DEMODULATOR

Circui t_ Board 01 4—PC —0 2- l

Caj’acitors Inductors

Cl .047 ufd 10% Sprague 192P 80v Li 82 uh Nvtronic s Wee Ductors
C2 .47 ufd 10% TRW SOy L2 82 uh Nytronics Wee Ductors
C3 .0047 ufd 10% Miniature Ceramic
C4 .022 ufd 10% Miniature Ceramic
CS .022 ufd 10% Miniature Ceramic
c6 100 ufd 10% Sprague 1501) 2Ov
C8 33 pf 5% Si lver  Mica In t eg~ ated C i r c u i t s

*C9 .1 u f d  10% Minia ture  Ceramic
.15 u f d  10¾ Miniature Ceramic 1CI CD 4 023 Tr ip le  3 Input  NAI~ ) Gates

Cll .0047 u fd  10% Minia ture  Ceramic 1C2 CD4023 Tr ip le  3 Inpu t  ~A~ 1i Gates
Ci2 .047 ufd 10¾ Sprague 192P 80v 1C3 CD4023 Triple 3 Input ~ANh Gates
C13 2.0 ufd 10% TR~-.’ SOy lC4 CD4023 Triple 3 Input NAN D Gates
ci4 .1 ufd 10% Miniature Ceramic 1C3 CD4O49 Inverting Hex Buffer
CiS 1.0 ufd 10% TRW 50v lC6 CD4049 In v e r ti o p  Hex H u f f e r
C16 10 ufd 10% Sprague l5OD 2Ov iC7 CD4021 S h i f t  R e g i s t er
C17 10 ufd 10% Spra7uc 150!) 20v lC8 CD4021 Shift Register
ci8 101 ufd 10¾ qniature Ceramic lC9 CD4O1S Shift Register
C19 .022 u f d  10% Sprague 192P 8Ov lClO CD4O15 Shift Register
C20 330 pf 57 Silve r Mica lCll CD4019 Quad A N D / OR Seiec t  Gates
C21 .022 ufd 10% Niniature Ceramic iCl2 CD4019 fluad AND / OR Select  Gates
C22 .022 ufd 10% Miniature Ceramic lCl3 CD4O17 Decade Counter

*C2 3 2000 pf 5% Silver Mica 1C14 CD4O17 Decade Counter
C24 .001 u f d  10% Min ia tu re  Ceramic lCl5 cD4O17 Decade Counter
C25 330 p f  57~ Silver Mica 1C16 CD4017 Decade C o u n t e r
C26 330 p f 5¾ Silver Mica lCl7 CD4O i3 Dual  ‘ 1) ’ t y p e  F l ip— r i o t ,
C27 330 pf 5¾ Silver Mica lCiB CD4OLS Shift Ree~ ster
C28 10 ufd 10% Snraeue 1501) 20v lCl9 CD4015 Shift Reeister
C29 10 ufd 10% Sprague l5OD 20v 1C20 CD4012 Dual 4 Input ~A%¾ Gates
C30 .0033 u f d  10¾ Snrac~ue 192P 200v lC2 l CD4O12 !)uai 4 Input ~AN~ Gates
C3l 10 pf  5% Silve r Mica lC22 CD4050 ~on— I n v e r t i n e  Hex B u f f e r
C32 10 pf 5% Silve r Mica 1C23 CD4025 Triple Input NOR %ates
C33 10 pf  5% Silver Mica lC24 CD4O SO N o n - I n v e r t i ne  Hex B u f f e r
C34 10 pf 5% Silve r Mica iC25 CD4050 Non—Inveytlng Hex Buffer

lC26 CD4O 5O N o n — I n v e r t i n g  Hex B u f f e r
1C2 7 CD4 O13 Dua l ‘ 0” type  F l ip—Flo e
lC28 CD4O13 Dual “B” type Fl ip—Flop
1C29 CD4013 Dual 0 ’ type Flip—Flop
1C30 CD4013 Dual “0” type  Fu n—Flo p

* 5KH Z operation only : 1C31 uA749 Dual Opera t ional  A mp l i f i e r
1C32 uA749 Dual Ope ra t iona l  Amp l i f i e r

C9 = .068 ufd 10% Miniature Ceramic 1C33 uA749 Dual Operat ional Amplifier
d O  = .1 ufd 10% Miniature Ceramic lC34 7812 Regulator (l2v)
C23 1330 p f 5% Silve r Mica 1C35 7812 Regulator  ( 12v)

lC36 7806 Regulator (6v)
lC37 NE566 Oscillator
iC38 uA777HC Operational Amplifier

Diodes

CR1 iN 914
CR2 iN 914

_  
_ _  
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DECK UNIT DEMODULATOR

Resistors Resistors (con ’t)
¼ watt carbon 5% (unless noted)

R46 2.2 kilohm
Ri 1 kiiohm R47 150 ohm
112 33 kilohm R48 100 kilohm
113 2.2 kilohm R49 3.3 kilohm
R4 220 kiloha 1150 15 kiiohm
115 68 ohm RSl 1.8 kilohm
R6 4.7 ohm R52 3.9 kilohm
Ri 4 . 7  ohm 1153 100 kilohm
R8 10 kilohm R54 33 ohm
R9 10 kilohm 1155 100 ohm
RiO 10 kiiohm 1156 10 kilohm
Rh 33 ohm R57 100 ohm
1112 10 kilohm 1158 1 kilohm
R13 10 kiiohm 1159 10 kilohm
1114 10 kilohm R60 100 ki lohm
Rl5 33 ohm R6l 10 kilohm
Rl6 10 kiiohm R62 1.8 kiiohin
Rl7 47 kilohm
Rl8 3.3 megohni
Rl9 470 ohm
1121 22 kilohm Sockets
R22 3.9 kilohm
R23 470 ohm 12 Augat #514—AG—1OD
824 1.8 kilohm 18 Augat #516—AG—lOD
1125 1.8 kilohm 1 Augat  # 5O 8-AG— l—D
R26 10 kilohm
1127 10 kilohm
828 10 kilohm
1129 33 ohm Terminal Post
R30 1.8 kilohni.
R31 1.8 kilohm 12 Cambion 1/160—1043—03—01
R32 10 kilohin
R33 10 ki lohm
~~ 4 10 k ilohim
035 10 kilohm Transistors
R36 33 ohm
1137 10 kilohm Qi 211 2222
R38 1.8 kilohm Q2 2N 4122
R39 1.8 kiloh m Q3 2N 5640
1140 6.81 kilohm RN6OC Metal Film 1% Q4 2N 5640
R4l 10 kilohm Q5 2N 5089
R42 47 kllohm Q6 211 5089
1143 5.6 kilohm Q7 2N 2222
R44 2.7 kilohm Q8 2N 3638a
R45 2.2 kilohm Q9 211 4122

Q1O 2N 3566
Qhl 2N 5640
Q12 2N 5640
Q13 2N 4122
Ql4 2N 4122 

- - - - - -
~~~~~~~~~~
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6 .2.4 (3)
DECK UNIT DEMODULATOR

HARDWARE

3 2/56 x ¼ Panhead Screws , SS
3 #2 N uts , SS
3 #2 Fla twashers , SS
3 #2 Internal Tooth Lockwashers , SS
2 Ejectors v /pins

— —— - - -  ——---—--- 
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6.2.6

DECK U~’JJ T

POWER SUPPLY

Circuit Board P/N 30028

C V J d c i t O r s  T r a n s f o r m e r s

Ci 10 ufd Sprague l OOv Ti Triad ~SP67
C2 10 ufd Sprague iOOv T2 Triad -SP29

13 Triad ~SP29
Chokes

Trans i s tors
L i .5H Triad ;

~C-26-X Qi 2P5239 RCA
Diodes

Potentiometer
CR1 1N75 2A

P1 20 ohri 3339-P-1-203
Har dware Bourns

2 ~6 Hex Nu ts Sw it ches
2 6/32 x 1/2 Pan Hea d Screws
2 ~2153 Fiber Washers Si #MSS_204~iG_ i Ai co
2 ~6 Interna l  Too th Washers
4 ~8 Star Lock Was hers Heat S i nk Ha rdware
2 ~8 Fiat Washers
4 8/32 x 1/4 Hex Standoffs , Threaded 1 43-03-2, Ther ma l l o y
2 ~6 F i a t Washers Insu l a tor
4 8/32 x 3/8 Pan Head Screws 1 6016-8 , T herma i lo y

Res i stors

Ri 22 ohm 2 ~‘iatt carbon 5~
R2 8.2 Kilohm 2 watt carbon 50

Term i nal  Pos t

18 C~mb ion 140-1785-02-01 -00

Ther mi stor

TH 1 Fenwa i l -~MB 13-Li 



:)~-~%K O N I T  :HAOJI: 1A ~T% LIOT

M A I N  -O HA O% I %

Fror. + ~~ ~~~~ —~~~~_j ~ _
~~

- 1 each
Back F%L~. - -1  # l — A i — 7 . — u  1 each

a~-~~i~ Hails # : l % — A L— 0 2 — ( )  ~ each

~~~ %har~ ~~~
- flfli ~—AL— r :— C 1 each

Top Cover #0ir~~AL_C?~ 0 1 each
B ot ~om ~ovor #0l 5—A L— 02— 0 1 each
~~~Ic Covers fl0 1: AL - - o  2 each
Cutout  Cc- r :nec-t~ r Br~~ k-t t: #7-i — A L — C - ?— 0  2(  each
crows #‘~/%0 x 3/--- , ;a ~.ne ad 2~ ~a~-~:
t; f l -  3& each

I~~~~~~r-~~~~J Lu r k  Wachers fi’- 3F a rm
Scr- -wc #1~/L .0 x , panhead 1~ r a t ,
Fi1~~~ter h.~ad m~/ 0  x 1 earn
icrnw. - ~~ r /3 x ~./ , parthead i2  each
N~ ts #‘ 11 earh
Irtermal 0 - e r - t o  re #~ 12 each
%-r r ewc a ~~ x , ~amh”ad ~ each
Nutr fl- ~ each
1 - -roal  Lo -0;-; r 7 r-: each
.:rr- -w : a~0/32 x 

-
~~~~ , r-a~ h~ ac! 3~ cart

l r t - r r . al Lo -kw a : :her r -  #70 36 ca~ h 
, panhead 2 each

Screws -‘�~~ x - , flathead L~ each
~r~ze 1 a~ —A0-- C — ¾ 1 each
B ir : dimt~ Poe t aIt l—0 103— 0O 1 6 each
%apa~-~~t c r - , M~~ ~ , .33ufd 9 each
Har.r ile %~~

- t  #T-~—~~~ H5 1 each
LED ’s ~~~: .  D :2~~-L~C3 3 each
Pi - x l — C ]  ir ~ i l%- 17— AL _ 02— 0 L4~ each
P~ -T:- —0ems #67 —~~ —0%—O 1 each
Po tenti-r .eters #P VL.NAY :D102A , 1k 1 each

#3 12C—2%2—1 02A , 1k 1 each
113 % J — 2 ~ 2 — i 0 3 C , 10k 1 each

K m ob 6 I ~ ~~
— ~j 3— L- } , ~~

“ 1 each
“ ~T — L B — D ~~ , i/-~~

” 7 each
R e s i r t - -r r  i/ wat t  car~ nn , 3.3k 9 each
M im i  Lam p #377 1 each
Mi r . i Speaker #011-~~-02— 0 1 each
Speaker Brackett #019—AL—02— 0 1 each
¾wi t ch #T~T 1—2— 3 3 each

II~LRT 2— — 3 2 each
Owltch #00— 17 5 1 each

#P0—107 1 each
#°A7 721 ~N 3 each
#fl 10~ 7fl~ 1 each

M ini  Transformer #0 12—EL—02—O 1 each 
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6.2.7(2)

DECK UNIT CHASSIS PARTS LIST

CHASSIS AND BACK PANEL

Guidespacerc #Tl0l .200 L~ each
#TlOl .250 20 each
#T101 .500 12 each
#T101 1.000 12 each

Cuides #T101 301. 60 8 each
Rails #T902 800 2 each
Connectors #8016~ 090~ 217~ 8024 2 each

#PTO2a— 12—8—s 2 each
#PrO2a-s-3—p 1 each

1 each
P~~wrx- Bu r r  # 1 each
Power T h r r l v  #CI PO CO O 1 each

#B5OFT2O 1 each
#213 1 each

Fuse H older  #}~CP 1 each
Fuse #2A 1 each

c r r cot o rc  #706—7015—01 8 each
1 each

Cocrectors # 0 16—090—206—707 1 each

A CCESC R IE 3

Comrcctc r #PTO6a—2—3r K sr ?  1 each
#PtO6a_3_ 1~p (sr) 1 each
#PTO 6a— 1L2— :r- ( sr) 2 each
%0l6—0Q O— 29 ~ — 707 1 each

Line Cord #17462~ 1 each
Pack inrr Crate 1 each
Pack b r  1 each
Op e r at i o n s  Manual 1 each 

-~~~~~~~~~
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7.

APPENDICES

10 K}-1 tuned feedback amplifier 7.1

Servo balanced thermistor bridge 7.2

A successive approximation method 7.3

Salinity Computation 7.4

Phase locked l oop & synchronous detector 7.5

I
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7.1 .

10kHz TUNED FEED-BACK AMPLIFI ER

The open loop gain used in th~ pressure interface circuit is

typically about 3,000,000 from the input of T1 to the output of 12

(winding W 3). This results in a feed-back factor of 30,000 ( for

closed loop gain of 100) ensurin q excellent closed loop gain stability

at lOkH
7-

The high open-loop gain and high feed-back factor require careful

design of the phase and amplitude response of A 1 if closed loop

oscillation is to be avoided . It can be readily shown that conventional

operational amplifiers cannot be used in this application. For exam p le.

if the open-loop gain at l0kH
~ 

was 3,000,000 the unity gain frequency

would have to be 300 MH Z for a conventional operational amplifier with

6 db/octave rol~ off (assum ing close icon gain - 100). Clearly this is

totally impractical , particularly when transformers are used at the

input and output. Transformer T1 is used to optimize si gnal to noise

and as a means of avoi d in q common mode noise problems . T, is a tuned

transforme r (see Figure 7.1) and is used to optimize sower efficiency

and to provide a floating output.

The design approach used in this system takes advantage of the

fact that closed loop gain accuracy and , consequently . high ooen-

loop °jain were required only at the fixed ooeratin q frenuency . Clearly

one can achieve very hig h gain at any particular frequency by the use

of a single tuned circuit. However , at frequencies well above

resonance the gain (A) of a sing le tuned stage is given by 
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7.1(2)

F A
A r r

QF

where A =  gain at resonance

Fr= resonant frequency

Q= quality factor of tuned circuit

F= frequency

For a feed back factor of 30 ,000 at resonance , the frequency (F 1 )

at which the feed-back factor reduces to unity , i s c a l c u l a ted as

fol lows :

1! = 3Q OqQ

= ; ~~J

30 ,‘JOO F
therefore F1 

= 
r

A typical value for Q is 50 therefore . F1 
= 

~ 
MH~

Since the tuned circuit has a nhase shift approaching g-~° at

frequencies well above or below resonance (see Figure 7.1(2),

the un tune d sta ges , including input and output transformers , must

have a total phase shift less than 90° for frequencies up to 6 
~
1H Z

if the amplifier is to be unconditionally stable under closed loop

con ditions; a difficult situation . If one were to cascade two tuned

stages of the type shown in Figure 7.1(2), the phase sh ift would

— -—- -

~

.

~
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7.1(3)

rapidl y approach 1800 above and below resonance and would almost

certainly be more difficult to stabilize under closed 1oop conditions

than the single tuned stage circ i it discussed above. However , a very

simple modification to the circuit of Figure 7.1(2) readily permits the

use of two tuned stages and is shown in i gure 7.1(3) along with the

amplitude and chase response. At resonance the imoedance of the

tuned circuit (L, C) is very h i g h  compared with R , consequently, R has

negligible effects. However , at frequencies rem ote from resonance ,

L or C tends to be a short circuit leaving R as the dominant element. —

This has the advantage of very hi gh ga i n a t res onance an d zero ph ase —

shift at very hi gh or very low frenuencies , thus permitting the use

of an amplifier with two tuned stages.

Fi gure 7.1(4) shows a conceptual schematic of the feed-back

a :nplifier without an input transformer. Fig. 7.1(5) lists the

computed amplitude and phase response of this amplifier for both open-

loop and closed-loop conditions with the following circuit values :

gm 1 
= gm2 

= 25mP~/Volt

R 1 
= 1 ,000 ohms

C1 
= C

2 
= .01 m i crofara ds

L 1 
= L

2 
= .0253303 henries

P2 = R3 
= 80, 000 ohms

= 1’
~2 

= 100

N
i.e. N3 

= 

~~~~~~~ 

E

theref ore , feed-back voltage (E
f) 

=



~ - -~~~~~-•--- -~~~~~~~~~~~~~~

Fig. 7.1 (3)
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7.1(4)

An examination of Fig. 7.1(5) shows that for a closed loop gain

of 1- 3~ at 10 kHz operation is quite stable with a 1 db peak at 3,500

and 28,000 Hz. Also , at extreme frequencies , i.e., 100 Hz and 1 M H z ,

the phase shift is almost down to 90° from a maximum of about 162° .

The frequencies at which the open-loop gain is 100 are about 1 ,000

and 100 ,000 Hz , and the phase shifts are about +99° and -99

respectively. This means that if a transformer is placed at the input

and is inside the loop , its phase shift must be small at 10 kHz and

less than +81° at 1 ,000 a n d 100 .000 Hz. These are readily met

permitting the use of transformers within the loop for the purpose

of providing optinum signal to noise ratios and floating inputs.

The basic design shown in Figure 7.1(4) was used in the

interface circuits for temperature , conductivity , and pressure . 
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H o . 7.1(5)

0Pl -~N 1 i)OP I~ARA ’1ETEF1S ( l ~~ -~I - ’ )  I ) O - ‘“
~ 

• I

F r t -q ut ~ncv (0~ i n P h i ’ - . t ( 1 )fl

(li z )  (dh) ( 10-g )

100 20. 0 90 . 9 9 . 9 1 Y ~5
200 26 .0 91. 8 1 9.r-.79
500 14 . 0 9 4 . 5  !4h .2 1 3 3
1000 40.2 99 . 0 7 7 . 0% . ]  4~-
2000 46 .8 ] ( % . I 101 .950 :‘ • % 7 ~~

3000 51. 4 117 .2 ]10 .0?4 1 5 . ~~? ’
3500 11 .5 121. 8 1 10 . 14 1 1 . 17
4000 55.5 120 . 4 1 09 . 8 1 %  ~ - . I I
5000 59 .8 11 5 . 5  107 .59 ~~~•

6000 64 . 6 144 . 4 104 . 480 2 . 0~~’
8000 78 .1 159 . 1 10] . 1 53
9000 9 1 . 1  1 6 1 . 8 100 . 2 0 5

9500 103. 3 154. 4 100.061 .017
9800 118 .0 120 .1 1 00.007
9840 121.0 1 15 .5 100 .01)4 .1)05
9880 124. ) 100.2 100 .001 .00~
9920 127. 8 7]. 3 99 . 94 4 ]  . 002
9960 1 10.8 o 1 .6 99 .99 .001

10000 1 1 2 . 1  0.0 99~ 0975
1004 0 1 30 . 4 -4 3. 5 99• 99 7~ - .00 1
10080 1 2 7 . 8 — 7 6 . 8 9 9 .9 9 9 1  — . 00?
10120 124 . 4 -99.5 100 .001 - . 1mfl ~
1016 (1 12 1 .2 -11 4.7 100 .004 -.005
10200 118 . 2 — 1 2 5 . 1 11)0 . 007
10500 11)4 . 2 — 1 5 3 . 5 100 . 055 — . 01
11000 42.8 —10 1 . 3  100 .217 ~ . f l e 2
12000 81.7 —1 6 1 . 0 100 .781 — 0 . 1 1 .
16000 65.9 —1 40 . 5 104 .375 — 1J-~~

- -
20000 54 .8 —135. 5 107 .59 — 4 . 4 - . .
30000 52 . 8 —120 .3 110. 151 _ 12. 62~4

60000 45.0 —105.1 98.728 — 32. 61 1
100000 41).? —99.0 77. 6821
300000 30. 4 —9 3.0 32. 0513 — 7 -.. 115

1000000 20.0 —90 .9 9,91595 — 85 .21 
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7.2

SERVO BALAN CED THERMISTOR BRIDGE

A simplified schematic of the servo balanced thermistor brid ge is

shown in fi gure 7.2. The bridge consists of the miniature high speed

thermistor RT (Fenwal Electronics - GC32SM2), a fixed resistor RE and two

windings (t-~2 and W3 ) on trans former T 1. The value of RF i s c ho sen so

that the bridge output voltage (Et) has minimum non-linearity over the

range of 0 to 30°C. The input to the first amplifier A 1 is equal to the

difference between E and the output (E ) from the multiplier Mt rn
The two inputs to are -

i) a 10 KH Z s i ne wa ve si gnal  from N4 on

ii) a OC si gnal (Er ) from the output of the

i n tegrator  
~ 2’ R and C) .

The input to the integrator is the output of a second multiplier

-~9(a phase sensitive detector). The reference signal to the multiplier

is a 10 kI1
~ 

square wave in phase wi th  the oscillato r signal E driving

the thermistor bridge and m ultiplier M 1 . The relationships are as follows :

Out put vol tage E0 = e0 sin ~t

= E 1 A 1 
= e 1 A 1 sir ~it ( 1)

where E 1 
= Et - E~
= (e~ — em ) sin t

now Em = Kl EcEq

where K 1 scale cons tant of multiplie r M 1

therefore E0 = A i (E t 
- K1 EcEg) (2)

— -- — -— ,
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The output of the integrator Ec is given by

E = 

~JEd 
dt

no.i Ed 
= K2F E

where K2 
= scale constant of multiplier M,

S i nce E n S a constant amp litude square wave in chase with

we can ex press Er as a Fourier series as follows :

E = 
~~ 

e (sin .~~~ + sin 3- -t ~~~~~ + sin n t  + . . . )

(n = odd integer)

an d er = pea k amn plitu ’Je of square wave

there fore Ed = ~ e K 2e0 sin t (sin it + ~~
- sin 3 • t  + ... etc.)

= K3e (sin 2 .;t + sin - t sin 3 - t +  ... etc.)

where K3 
= K2E = constant

S i nce , ?>> 
~~~~~ 

only zero frequency components of Ed w i l l  cause

a si gnificant output (E
~
) from the integrator

since sin~- -t = ~~
- (1-cos 2 -t) the oniy zero frequency

componen t of Ed is given by

Ed 
= 2 K3E0

I,

therefore E
~ 

= dt

substituting in ( 2 )  E0 
= -4 i ~~~~~~~

- ~4~~ 3fE0 dt)

= A 1 Et 
- KJ~ dt (3)

where K = A K K7E = constant.1 1  ~~g 

- —-- ------ - --- - -- • --- -.~~ -~~~~~~~~~-——- -
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Fi g. 7.2(2)

a. Inpu t

b.

~~~~.

d Servo -Balanced E~ ~ R1 Eh
Bridge Response Eh 0

e. Combined Output 
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7 .2(3)

The simple hi gh pass filter in Fi g 7.2(2) hds the following response

= E
~ 

- -
R~~~fEh 

dt

if we make E. = A 1 Et

an d R 1 C1

then Eh 
= E0

This means that the amplitude e of the 10 KH sine wave outout E
0 Z - 0

has the same response to a change in Et as the output Eh of the high

pass filter shown in 7. 2~2) .  Jf the thermistor R~ in Figure 7. 2 had

an instantaneous response to temperature, then the output E would

provide exactly the correct signal to correct the lag error in the

p la ti num th ermome ter . Howev er , ttie thermistor response is not

ins tantaneous. Therefore , the com bi ne d res ponse of the p l a t i nu m

thermor net~r an d the therm i stor has th e speed of res ponse of the

therm istor and the long term stability of the platinum thermometer.

The response to a temperature step change is shown in Figure 7.2(3);

the figure shows data taken with and without the thermistor. The

improvement in response is best illustrated by the smaller number of

data po i n ts wh i ch occur in  t he t rans i tion re gi on for the com b ine d

measurement .

Th is discussion assumes that the mu ltiplier M2 and the intearator

- —- .. —- ~~-.—-- - ~~ .-—,.
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Fig. 7.2 (3)
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7.2(4)

are ideal devices , u n -  that  E is .‘ern ,Onn E is zero 4 -nii the41
integrator offset volt aqe is zero. 4’1~equate oerfor - ince in t h e

integrator is achieved using a s t a t e  of the a rt inteq rated c i rcu i t

operational ampli f ier , s uch as a ~I~ t i~- nu1 Sem iconductor Lt12(Y ~~A.

The mul t ipl ier M~ is implement .e-1 using a sw ~ tching type synchronous

detector.  The ou tp ut  (E 0 ) of A 1 is appl ied to the pri:oar’ i of a

transformer with a center- ta pped s~ c on d a r y , the center tap being grounded .

FET ’ s connected to each side of the secondary are synchr onously turn on

and off’ by Er and 
jf~ complmse n . rc - su ltin q in f i ll . ,ovn synchronous

detection with excel l ent quadrature rejection and ess e ntially zero dc

ou tput when E is zero .0
The time constant of the loop is qiven by

t = 
T

- o
where T = RC (Ref.  Fiqure 7 .2 ( 2 )

and  ~ oren- loop qa in measured from the out put

of the integrator ~o the output of ~~~~

RCtherefore ~
0

Then servo time const ant (t) is -ma~~e equal to the tim e constant of

the platinum thermometer by ad ju st ing the nain of 4~ .

The ove - all effectiveness of this technique is demonstrated by

the data shown in Figure 7.2(2). T h is  is a plot of temperature .

conduct iv i t y ,  d e p t h  and computed salinity as a function of time

(record num ber) qoin o Iron’ a fairl y -iell mixed - . -~ace layer into the

ther niocline. In the high gradien t reqion indivi du al roudin gs taken

30 milliseconds aoart shov - a xi mhim -- rates of change of a h o u ~ 0.6°C per

- ~~~~~ - ~~~~ —- -~~
-.- 

~~~~~~~~~~ --- - - -
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Fig. 7.2 (4)
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7.  2 ( 5 )

second with corresponding salinity “spikes ” less than 0.01 ppt. This

clearly shows the match between the response time of the conductivity

sensor and the combined response of the thermistor and p latinum

thermometer .

-
~~~~~

- -
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7 .3

A S U C C E S S I V E  A P P R O X I M A T I O N  METHOD

This is a very coninon method for comparing a switch selec t051 f

value with an unknown value. If we had a wheatstone bridge with a dec-

ade resistor and an unknown resistor , we would start with the decade

box at zero , ze ro , zero . If t he null me ter rea d 11
+

11 we would continue ,

if , however , it read - ‘ we would either reverse the null meter or the

drive (to make the sign correct). Using the successive approximation

method , we woul d now tu rn the io 2 dial to 9 and decrease it until the

null meter read either null or p lus. We could then move to the 101

and 100 knobs and repeat the process. This would permit a 0.1~ deter-

m ination of Rx . If the differences were small , we woul d spen d a lon ger

time arriving at a decision than if they were lam e , similarly after

a very la rge erro r s i gnal we woul d al low the null me ter t ime to se tt le

before pressing the sample switch again (in the CTD the adaptive samp-

ling board determines the sample time and recovery time necessary for

proper operation, and the comparator replaces tile null meter.)

The d igit i zer log i c boa rd may be cons id ere d as seven teen D

type flip-flops . All of their D inputs are connec ted in common (to the

comparator output) . The stages are sequentially clocked and the ‘clock ’

of each stage is connected to the ‘ set’ of the next stage . Q0 i s con-

nected to a switch capable of reversing the polarity of the sensor out-

pu t wh i l s t  each of the other  16 Q out puts is connecte d to s i n g le  pole

change-over switch on the digital to analog converter board . Each of

these swi tches controls a volta ge equ i valen t to i ts we ig ht i n the bi na ry

________________________ ____________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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7.3 (2)

code , i.e. Switch 1 only turned on causes the D/A output to be equal to

half full scale ( -

~~~~ 

15 
- ) x ES = ~2FS

Switch 16 onl 1 tu r ned on causes the D/A outpu t to be equal to one least

si gnificant bit (--
~~~~~~~~~~~~~) x FS 65,535 ES

while switch 1 and switch 16 both turned on causes a D/A output equal

to the algebraic sum of the above

= 
ES 

+ 
FS

2 65 ,535

- —— — - -  ~~ - - :~~~~~~~~s~~~==t-- - __ _ 
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7.4

S A L I d T Y  COMPUTATION

Because absolute conductivity is difficult to measure mos t

invest igators have worked wi th conduct iv i ty ratio using standard sea

water as a reference. Consequently, the salinity computation goes as

fol lows :

G = G~ (1 - 4 ( T - 1 5)  V P )

where 0 = conduct iv i t y  co rrected for the ef f ect  of temper-
ature and prossure on the conductivity cell.

= indicated conductivit y

The CTD is cal ibrated against the 1-kb I.P.T.S. and the following equa—

tions require that temperature according to the 1948 I.P.T .S. be used .

The following equation will imp lem ent this conversion.

148 
= T 68 + 4.4 x io 6 T 68 (100 - T

68
)

-
~ = coefficient of linear expansion (of alum ina)

-L = 6.5 x 1O -
~ 

O~~l

I = temperature (1948 I.P.T.S.)

K = bulk modulus of compressibility (of alumina)

- - — -~~~~
— - - -

~~~ 
— -~~~~~~ - 

- 
~~~~~~~~~~~~~~~ -— —

~ 
—
~~~~~-- ~~~~~~~~~ ~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -------——- 
~~~~~~~~~~~~~~~ 

— -  
- - ...~~~~ . . 4

7.4 (2)

-8K = 1.5 x 10 cm/cm/decibar

P = pressure (decibars )

6RT - ç~~~rt~~s1

where  P . = ratio of conduct iv i ty of sam ple to conductivi ty of 35
ppt -m en both are at temperature T and pressure P

= 
~ondu~ tivi t j of 35 pp t  sea water at 15°C (P=0)

p (T) = ratio of conduct iv i ty  of 3~0ppt sea wa ter a t temperature
I to its cond uctivity at 15 C (P 0)

Brown i n 1966 determ i ned the ra ti o as fol lows :

p (T ) = .676524 + .20l3l7xl3~~T + .998866x10 412

-.l94260xl0 6T3 - .67249lx10 814

Bradshaw and Sch leicher i n 1 965 de term i ned the effec t of p ressu re on

conduc ti v i ty as follows :

R~ (T~P.S) = 1 + .O1(g(T)f (P) + h(P)j(T) ) (1 + ~(T)m (S) )

where g(T) = 1.5192 - 4.5302x1O 2T + 8.3O89x lO 4T2

-7. 900xl0 613

- - ~~-.-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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7.4(3)

f (P ) 1.04200xl0 3p - 3 .3913x1O 8P2 + 3.3OOxlQ~~
3P3

h (P) = 4 x 1O~~ + 2.577x10 5P- 2.492xl0 9P
2

J(T) = 1.00 - l.535x1O~~T + 8.276x]0 312

-l .657x1O 4T3

~(T) = 6.95xl0 3 
- 7.6xlO 3T

rn(S) = 35.000 - S

where S = salinity (ppt)

The sali n ity dependence of R~ i s q u i t e  smal l  -o that for con-
tinuous profi ling the value of S computed for the previous scan is
qu it e adequa te .

R = R
1 ~ 

(l-R
1
) (.OI7SR

T 
- . 0045R

T
2 ) (1 - .081 + .0008912)

where R = ratio of Conduct ivity of sample to conductivity of 35
pp t  sea water when both are 15 C and atmospheric pres-
sure .

lastl y S = .7347 4- 32 .2807R + 3 .4775R 2 
- .02395R 3

The last two relationships were derived from da ta publish ed by Brown in
1 966 .



—~
--  

~~~~~~~~~~~~~~~~~~~~~~ 
—-

~
- ---

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

~~
-,- - - -

~~~~
- -.- --.----

~
- -.- - - - - - —

~~~~~~
—— — - - -

7.5

PHASE LOCKED LOOP

‘ n p rincipal element o~ tee CT~ demodulator is a phase-locked

l~~n~ - w~ ich is illustrate d in a generalized form in Fig. 7.5. The

e l se  1 i f  the t requency , f of an input s ignal is compared wi th  the

d iv i de d  output frequency f’ of a Voltage Controlled Oscillator (V.C.O . , ) ,
pr )duni n ; the dc siqna l which is the V.C.O. input. The 1oop ‘ l o c k s

when f’ is ~O° phase —shi fted with respect to f. The data transmission

clock is generated in the underwa ter unit and regenerated from the

telemetred data by means of a phase lock loop circuit in the dech unit.

SYN C HRON OUS DETECTOR

The deck unit phase comparator and filter comprise a phase-

sensitive detector and an integrator . The phase-sensitive detector

is illustrated in Fig. 7.5(2) below. Nheri 7 is high , the d e t e c t n ’  is

a unity gain inverting ampl i fier; when 7 is low , the detector is a u n i t .

gain non-inverting amp lifier. The truth table for this device w i l l re:

The wave forms in Figure 7.5(3) illustra te the performance of tee

detector with three differently phased input signals , N1 thru U3.

If the chopper and unknown signal are in phase , a negative output

is produced ; if they are in anti -phase , a positive output is produced.

Fin ally if the signals are in quadrature (90° ohase shifted,) then

the output will average zero volts d.c.

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