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FOREWORD

Why did I write my autobiography?

1. Because two friends and two of my children urged me to. (Frank
Mongelli and Marie Thorpe, Bill and Sandy.)

2. Because I kept getting requests for historical information about
early days of geophysics at sea, one facit of Qceanaography.

3. Because I thought that some of the things I recounted might correct
some of the misconceptions that I have read on occasion.

4. Because I thought that reading of our trials and tribulations and
occurrences that stimulated us or hindered us, might someday help others
trying to establish new fields of investigotion.

5. Because I read that historians had found documents that ordinary
peopte had written gave them insight to earlier times.

6. Because I thought I had an interesting life and I thought it was
possible that others would think so too, and might enjoy reading about it.

The field of marine geophysics was almost nonexistent when , as an
undergraduate student, I began going to sea with Dr. Ewing in 1937. The
concept then, was that the ocean basins were permanent simple bowls that had
been receiving the sediments from continental erosion since the formation of
the oceans. There were a few exceptions. For instance a ridge had been
encountered when laying telegraph cables between the U.S. and Europe. Of
course there were oceanic islands such as the Hawaiian Chain. There were only
“guesses “ about the crust and mantel under the ocean.

The only geophysical technigues for examining the ocean floor were
spot echo soundings, and pendulum gravity measurements on submarines.
Isostasy was well established and many of the great deeps had been
discovered, with their associated large negative gravity anomalies,
although thetr total depth was mostly beyond the range of the depth
sounders.  Several submarine canyons incised into continental shelves had
veen found, although it was not known how far into the ocean basins they
extended, and their mode of formation was a matter of conjecture.

The principal surface ocean currents were known , but their boundaries
poorly determined. The main temperature, and salinity versus depth were
determined, but little was known, except in a few particular places, of
their variations in the oceanic reaim.

Research at sea up to that time had been mostly done by a few national
expeditions of a year or less, such as the Discovery Expedition of England,
and the Meteor Cruise of Germany and several others. Often these cruises
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were separated by many years, even decades. Results were studied in every
detail and mostly took many years to complete. These were mostly lengthy
crurses primarily for temperature, salinity, and spot depth measurements,
biclogical sampling and an occasional bottom sample.
By 1937, the Woods Hole Oceanographic Institution had existed about

seven years and had a small permanent staff. Their ship Atlantis spent
a large part of of the year in southern waters taking temperature
measurements and salinity somples at representative depths. In the summer
professors and some students, from several Universities, partially filled
the building, we called The Gceanographic and now known as the Bigelow
Building, at Woods Hole to carry on their research They usually were lucky
to get a two week cruise on Atlantis in the deep ocean near Cape Cod. These
cruises were usudlly single purpose cruises. Once in g while o second group
was included 1f berths were available, to operate on a not to interfere
basis. This latter mode was the one on which Dr Ewing and two or three
students participated . There were projects on ways to observe ocean
currents, sharks, biclogicat sampling, paints to preserve ship’s bottoms,
and Dr. Ewing’s attempts to measure the thickness of sediments in the deep
oceans. Observations at sea were mostly made and returned to tand for
analysis.

Ship’s positions and hence observation positicnhs were only accurate to
about three miles at times when astronomic slights were made. The position
accuracy degenerated in between sights. In bad weather, positions could be
known only to within ten or more miles. I’ve been on Atlantis when we were
supposed to meet another ship at sea. Both ships claimed they were on
position and neither could see the other even with the increased visibility
of the 140 foot high mast of Atlantis. On one occasion it took more than a
half a day for the ships to get together.

This was pretty much the situation when I joined the group working with
Dr. Ewing. In those depression days there was little money for research, and
Dr Ewing, at the urging of a couple of geologists, started to try to find
out about the sediments on the continental shelf and later 1in the deep sea.
With their help he had managed to get a small grant from The Geological
Society of America. He had worked in the business of exploration for oil
during his summers while a student., which is why he had been approached to
make these observations. It was hoped that these techniques might be made to
work in the oceans.

There was, at that time, no commercial equipment available to be
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bought, even if he had the money to buy 1t, and he didn’t. He did manage to
obtain some obsolete land equipment from friends that were still in the
exploration business. It was obvious that this equipment could not be adupted
for use at sea, sc he decided that he had to build suitable equipment,
although he had little experience in such skills. Probably no major
research project was ever undertaken with so few funds and so little
experience,

Thus the Ewing group had to use all their ingenuity, and the modest
machine tools in the staff shop of the physics department, to construct all
of the equipment for use on the ocean bottom, keeping expenditures to an
absolute minimum. We had to learn the techniques of making pressure cases, or
pressure equilibrated cases for equipment, to make mechanical and electronic
equipment fit into the small spaces of pressure vessels, and handling
explosives safely at sea and to fire near bottom , which had rarely if ever
been done.. These all had to operate at almost @ degrees centigrade and
pressures up to 8020 psi. It was managed by making long hours of work and
small test experiments drive the learning experiences needed. We never
allowed ourselves think that anything we decided to do was impossible. These
skills matured and evolved into those of the lLomont Geological Observatory
and the Galveston Geophysical Laboratory and a number of generations of
students

Oceano dtudies had made great strides and had a major role 1in the
revolution of world geology, by the time I retired in 1979..

First Years

I was born on 21 February 1918 in my father's house on Delafield Avenue
in West New Brighton, Staten Island, New York. My mother told me that I had
yellow jaundice when I was born. I had a "Muvry and Daddy" and scon called
myself John Lamar Peter Rabbit Worzel. Before the age of two I was cperated
on for a double hernia. The operation was done in the Children's' Hospital in
New York City (Manhattan). Mother said she arrived on a visit to find me
strapped down on a bed in a ward and other children were putting blocks and
things in my mouth. She was outraged and had me removed from the ward.

At the age of about four we moved to 21 Hardin Avenue where the family
lived until long after I had my own family.

When we moved to 21 Hardin Avenue the cement driveway had been newly
laid and I attempted to ride my tricycle up the hill. My father stopped me
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after about 8 feet but the fossil record of the tracks are still retatned by
the concrete of the driveway.

At the age of five, while I was playing on the floor of the kitchen, my
mother turned around and found me sprawled on the floor and turning blue
{mother's report). It was identified as rheumatic fever and left me with a
defective valve (scar tissue on valve) between the left auricle and
ventricle of my heart. My tonsils were removed at the age of seven and I had
mumps and measles, too, before at the age of nine I had a burst appendix.

My father and 1 had been going to the chiropractor on Friday evenings
when I was about nine. At one of these I reported that my stomach didn't feel
well. On Saturday I was Kept quiet and the doctor was called. He was busy and
didn't get there that day. On Sunday morning I felt worse and they called the
doctor again.

They were having a roast of beef for noon dinner that day and I stil
remember how good the smells were. Towards the end of their meal the pain
became especially intense for me on the living room couch and I started
screaming. Dr. Coonley came a short time later, said I had appendicitis and
that the appendix had burst and I was in a sericus way.

I was bundled off to the Staten Island Hospital immediately and Dr.
Coonley operated on me and removed my appendix 1n the earity afternoon.
Peritonitis had set 1n and this was before penicillin. The only remembrance I
have 1s waking up after the operation feeling the need of water. They
wouldn't give me any because 1t was supposed to give a bad reaction to the
ether anesthetic they had used. After many demands for water, they finally
moistened my lips with a damp wash rag. I survived, but I still remember my
need for water was the worst part of the whole experience for me. A few days
after the operation the doctor came and said the drain in my wound was not
working properly and he would have to reopen the wound as peritonitis had set
in. He removed the stitches and tried with his hands to reopen the wound
without success. He finally gave up and sent the nurse to get a scalpel.
While waiting for the nurse, he pressed the back of his scissors on the skin
just beyond the scar and the wound popped open! They cleaned out the wound
and the smell was awful. For several days that I can't remember I was very
sick. The infection caused a recurrence of my heart problems. I was sent home
from the hospital after a two week stay and wos forbidden to walk or to even
stand on my feet. This lasted about four months. My mother carried me
everywhere. I must have been a terrible burden for her.

The appendicitis happened just before Christmas 1928 and the doctor had
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advised my parents that i1t was unlikely that I would survive long and in any
case 1 would not live beyond the age of 18.

Of course I was kept out of Arden School for the rest of the year. My
parents gave me the best Christmas that a little boy could have that year
since they thought it might well be my last.

After lunch each day, I would be bundled up in lots of clothes and
blankets, put in a wheel chair and placed on the front porch in a reclining
position. Most days I could not nap and I spent a lot of time watching the
clouds overhead. Sometimes one or more of the kids in the neighborhood would
come up on the porch and talk to me. This was a real event for me.

In May it was decided that I could stand up on my feet and in slow
stages I was allowed to start walking again. At first my parents would hardly
allow me to do anything. Finally one day I told them I'd rather die than be
so restricted. I don't know if that did it, but anyway soon afterwards they
let me do progressively more and more.

That summer my parents hired Mr. Warwick, the French teacher at Arden
School, which I had been attending, to tutor me so that I could remain with
my classmates. I didn't like Mr. Warwick and he didn't like me, but I guess
he needed the money. For that reason and because all the other kids were on
holiday while I was doing school work, that was a very bad summer. I made
the mistake of telling Mr. Warwick that I didn't want to advance beyond my
classmates. He assured me that wouldn't happen with lots of irony and he
brought it up several times before my classmates in the remaining two years
that I was at Arden School, to my great embarrassment.

That fall I went back to school with my class. From 3:30 to 5 PM we
were to do our assigned homework, so we had none to do when we went home
after 5. Mother or Father picked me up after 5. In the afternoons we had a
sports period from 1:3@ to 3:30. For most of the year we played soccer. Since
I was restricted, they made me goal tender as that required the least
activity. One time we went to Brooklyn to play another school. It was an
extremely cold winter day and the locker room was unheated. The rest of the
team got warmed up by running, but my goal tending ollowed me to get colder
and colder. When it got time to get dressed to go home, I could not work any
of the buttons on my clothes. One of the other fellows buttoned a few buttons
for me, enough to keep my clothes on, but I went home mostly unbuttoned.

Another time a ball was kicked at the goal which I caught. The forwards
on the other team charged and jumped to block my kick or pass. Instead I
ducked between the legs under one jumper and beyond him kicked the ball away.
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The coach from the other team said he had never seen that play before.

My father , had a partner and ran a real estate law practice near our
home. They also operated a Savings and Loan. My father was a director and
Uncle Ted (not actually related) as secretary treasurer spent most of his
time in the Savings and Loan. I learned that “Uncle Ted" lived with Mother
and Father after they were married for 5 or 6 years. He finally married
probably at the advanced age of 35 and set up his own home. While living with
us at 21 Hardin Ave. he kept a large vegetable garden in our backyard. After
he left this was turned into lawn, often to my dismay since I cut the lawn
with a push reel mower after I was bi1g enough to work 1t.

My father worked 5 1/2 days a week. On Saturday afternoons he would
burn the weeks paper collected in a large barrel, clean and occasionally
polish the cars and such other chores as he felt needed doing. As soon as I
was able, 1 pitched 1n and helped him on Saturday afternoon. People must have
praised me for 1t because I felt it was very important for me to work with
father on Saturday afternoons. One time when I was about twelve, there was a
Circus in town and mother proposed taking me to see it on Saturday afternoon.
I declined saying I had to work with Pop. She tried all kind of inducements,
but I was adamant. Start of a workaholic I guess.

Pop bought a second car and mother learned to drive while I was
immobilized with appendix-heart problems. In 1927 father went on a train trip
to the wast with a group from the Kiwanis Club. He went to the Grand Canyon,
Sequoia, Yosemite, Yellowstone and Glacier National Parks as far as I can
remember.

In the summer of 1928 he sent mother and me on @ train trip to
Grand,Canyon, and Los Angeles to visit Uncle Earl, mother's brother who lived
in Burbank. Uncle €arl took mother and me to Sequota, and Yosemite in his
Model A Ford over dirt roads on the way to San Francisco (actually
Burlingame) where "Aunt Louise”, mother's best friend, when she lived on
Staten Island before she got married and moved to Burlingame. On the way home
we visited Yellowstone. I got sick to my stomach on a sight seeing tour in
Yellowstone, which was attributed to "altitude sickness”. This trip was to
make up to me the need to go to summer school while others were on vacation.
Hence my sister Doris, two years older than I, didn't get to go.

In 1929 Pop bought a lot at Lake Mohawk 1n Sparta, New Jersey and built
a summer home. It was called Te-We-Su for tepee (temporary home) on the
western shore. Mother chose the name because of her affiliation as a leader
in the Camp Fire Girls. Doris was in her unit. The idea of the summer home
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was to get me out of the city and involved in outdoor activities in the
summer to regain my health.

The great bust in the stock market occurred in the fall of 1929 and the
Great Depression began. It did not immediately affect us as most of father's
investments were in real estate. By 1931 father was having a hard time too
and we returned to become g one-car family again.

There were about 14 families in our neighborhood and about half of the
men were out of work by about 193@. The rest mostly had thetr own businesses
and managed to survive the depression years.

Father managed to hold on to our Lake Mohawk summer cottage, but he had
to let go of most of the real estate property on Staten Island that he had
bought as an investment. He was strapped, but not as badly off as most of our
neighbors.

In eighth grade our class was chosen to collect money from our other
schoolmates to buy presents for each of the Masters at Arden School. We
decided to go to New York where shopping opportunities were greater. This led
to going to New York without adult supervision which a number of us took
advantage of at the Staten Island Academy where I went to High School. Arden
only had eight grades.

HIGH SCHOOL YEARS

Having finished 8th grade, the highest grade at Arden School for Boys
in 1932, my parents enrolled me in the Staten Isiand Academy. On my first day
at SIA I was put in the eighth grade. I was highly incensed at being "put
back™. My father went with me on the second day and met with the headmaster
and 1 was moved to the 9th grade. I don't remember too much of that year
other than that I established myself as the class teader in math and well
towards the top in the other subjects. In the early part of that year all of
the boys in high school were participating in football. Because of my heart
problems I was told I could not participate. Again I protested vehemently and
my parents went to the school and arranged for me to participate. I also
participated in basketball after football was terminated for the season and
baseball and tennis in the spring. I was an also-ran in ail these sports but
tennis. I had taken tennis lessons at Lake Mohawk and played nearly every day
during the summer and even won a junior tournament at Lake Mohawk.
Consequently, I made the tennis team playing the 3rd singles (of four). We
played all of the public High Schools on Staten Island and beat them. A match
consisted of four singles matches and one doubles match.

In my sophomore high school year a trophy known as the Phelps Trophy
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was established to be won by the best High School team of the year. Any
school that won the trophy three years in o row was to retire the trophy and
keep 1t. We won 1t the first year. We won 1t the second year. The Staten
Island Advance, the local newspaper administered the competition. Qur number
1 and 2 players Ken Randall and Norris Rockstroh played the doubles match.
Most of the other schools also played their #1 and #2 players in the doubles
match too. At the start of the third vear, my senior year, the rules were
changed and players in the singles matches were not allowed to play in the
doubles.

Anyway we won all of our matches and came down to the tast match. Qur
#1 and #2 won their matches, our #4 (Larry Radway) lost his match and our
doubles team, Carl Etlinger and Ned Harrigan lost their match while my match
was still underway. I finally won and we were able to retire the trophy! To
my knowledge no other trophy was ever established.

The only football incident I remember was when we played Fieldstone
Academy (I think it was), a large private school in New Jersey, our team of
13 players arrived on their field to play their three full teams and about 20
substitutes i.e. about 53 players. This occurred in about mid-season. To say
we were overmatched would be an understatement.

Nevertheless the game was played. They started their first team. We had
them in check for a while, but towards the end of the first guarter they
scored a touchdown. Then they sent in their second team. They scored another
touchdown just before the half and they sent in their third team. In the
second half they started their first team again. Early in the third period we
scored a touchdown. It was now 14 to 6 as we failed to make the point after
touchdown, We held them in the third period but early in the fourth period
they scored another touchdown and extra peint. In came their second team. We
were able to keep them from scoring and near the end of the game in came
their third team. I believe we were getting tired at that point. The third
team scored a touchdown and extra point. The game ended with them winning 28-
©. Their coach told our coach that our team was the only team that had been
able to score on them that season,

I played half back on offense and right tackle on defense. I just
couldn’t run fast enough to cover potential pass receivers on defense. I
preferred it that way anyway because on defense T could concentrate on trying
to tackle the man with the baill.

Before the coach realized how slow I was running, I played right hal f-
back on defense. Today it would be called right corner back. I made one
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brilliant play. We were playing a team that had lots of razzle-dazzle plays.
On the play I am describing, 1t started towards their right side. One of
their players moved well to the left and started waving his hands for the
ball. Seeing that I rushed forward and reached him as he was just receiving o
lateral pass from the quarterback, I tackled him immediately for a four yard
loss. Otherwise I guess I was pathetic in the back field on defense.

The coach several times said he didn't understand it. On punts, my man
never got into the back field, but I was always the first one down the field
covering the punt yet he knew that I was the second slowest man on the team.

In basketball I was always on the Junior Varsity Team. Toward the end
of my senior year the coach told me that I was good encugh to play on the
varsity Team, but he could not put me on it because I was the only one on the
Junior Varsity who would cttempt to shoot baskets and someone had to at least
attempt 1t.

In baseball I was olways put in right field. Since the teams we played
seldom or never had left handed hitters, the ball was seldom hit to right
field. My batting was just as bad. The only play 1 remember was in my senior
year, the baseball team played the teachers. Mr. Cunningham was our science
teacher and used to pitch batting practice for our baseball team.
Consequently he knew all of our skills or lack of them. He was the pitcher
for the faculty team. When I came up to bat, he pitched five balls, two
called strikes and three balls to me, trying to get me to strikeout on
outside balls. On the tast pitch, I figured he knew how poor a hitter I was
and that he would throw a perfect fast ball strike down the middle, So I
swung as he started to pitch and surprisingly hit the ball at the second
baseman, Mr. Botsford, our headmaster. The ball was traveling so fast it went
between his legs before he could move and I had a hit!

In my Sophomere year, our English class had the responsibility to get
out the school newspaper, known as the "Echo™. This was a two page
mimeographed paper. Usually each student had to write at least one item for
the paper. T tock an interest in it and I soon ended up with the job of
fitting all the items into a format and typing the stencils and running of3
about 109 copies. Copies were handed out to all the students during a lunch
hour. All the students except seniors were not allowed to leave the campus
during lunch. Seniors could go across the street where one could buy candy or
sodas or ice cream, and scme could sneak a "smoke”.

Quring my Sophomore year 1 got my chance to try my future occupation -
teacher, Mr. Cunningham, our science teacher came down with laryngitis one
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day and could not talk. He was supposed to conduct a class in Freshman
Biology. I had made close connections with him because of my interest in
science. He was unable to hold our class in second year biology and was about
to cancel the class in First Year Biology. I went to him and told him that I
had all my notes from First Year Biology and I could give the lecture for him
if he would let me. He agreed and I conducted the class. I don't know what
the students thought of it, but I thought it was fun. Mr. Cunningham told me
that I had done a good job.

In my Sophomore year my sister, almost two years older, was a senior at
SIA. Somehow we were both enrolled in g course on Ancient History. This was
bad, because I managed to get better marks than my sister, which didn’t help
my relations with her at all. Our parents emphasized the point which only
made 1t worse,

In my Junior year the only memory that stands out was that our class
had to run the school store. This store had a few supplies like pencils,
erasers, paper, pads, etc. and candy bars and ice cream bars. It was open
only during lunch hours. Our class had tc place the orders for supplies, open
them and display them, man the store during lunch hour to make sales, collect
the money, count and deposit it, and make out checks to suppliers. Everybody
was gung-ho to participate at the beginning of the year, but gradually one or
another dropped out. I felt 1t was important to keep it running and gradually
I had all the jobs. I soon got tired of this and the teacher had to step 1n
and assign people toc jobs to keep the store functioning.

In my Sentor year at SIA, Lawrence Radway come for that year. We soon
formed a close comradeship. We lived close together so we traveled the same
bus route home. The two of us got the best marks in all of the courses our
class took, we played ping-pong at about the same level and I was #3 on the
tennis team and he was #4. He especially liked history and english. I
especlally liked math and science. We held o year long debate of the relative
merits of history, English, math and science.

I had been elected editor-in-chief of the "Quill™, a monthly magazine
mostly made up of stories and articles that had turned up as outstanding in
the various English courses of each class. Larry wrote a good many of the
1tems in the Quill, I wrote a few, but had all the work of assembling the
articles, ads, etc., paging it, getting it to the printer and distributing it
through the school. This included the tower school grades 1 to 8 too.

We had to take regents exams at the end of our senior year. These were
New York State exams to establish the capabilities of students of all High
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Schools. The regents exams allowed students precisely three hours to
complete. I finished the Chemistry exam in one hour and took my papers up to
leave. Mr. Cunningham insisted I go back and review my answers. Reluctantly I
returned to my seat, but did not review my paper. After a while Mr.
Cunningham came by and told me I might as well leave since I wasn't reviewing
my work anyway. I got an 89 on the test.

The other regents exam that I remember was in trigonometry. This was my
favorite subject in my senior year, I finished that exam in about an hour and
turned in my paper. Mr. Tomis, my teacher, asked if I got everything right. I
assured him that I had so he let me go. He was greatly disappointed since he
had to give me a 98 on the exam. On the exam after completing the problem you
had to copy the answer in a special place. On the wrong answer, I had worked
the problem correctly and had the proper answer, but in copying the answer in
the final place I had transposed two figures. Mr. Tomis was terribly
disappointed as he said I was his first student who had worked all the
problems correctly.

At the end of the Junior year in High School, towards the end of the
year, the class was given a day off from school to pick daisies to grace the
stage for the Senior Class Graduation. I had my New Jersey drivers license
and my father let me take his car to take a number of classmates "Datsy
Picking”. We had a lot of fun picking them in the morning and arranging them
on the stage 1n the afternoon..

Buring my Junior year a holiday came up that our school did not allow
us. I think it was Washington's Birthday. A number of us got together, before
school started, and complained bitterly that we did not get a holiday.
Someone suggested that we take it anyway. Carl Etlinger, Norris Rockstroh,
Bill Pott and I decided to do that and walked to the Staten Isltand Ferry,
about a mile away and went to New York. On the ferry we all decided we would
go to a buriesque show. In my devious way I pointed out that we would all be
quizzed by our parents about what we did in New York and we'd better all have
the same story. At that time the aquarium was close to where the S.I. Ferry
docked on Manhattan Island so we all walked over there, made a quick pass
through and went on to the Burlesque. We arranged to arrive home ot the time
we would normally return from school. Meanwhile, our parents had been
contacted by the headmaster. So, we were all thoroughly quizzed and we all
stuck to our aquarium story. It was only years later that our parents tearned
of our real escapade.

That evening our fathers were called to the school and the principal
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told them that he could not let the incident pass, but that in years to
come this would be one of our greatest memories of our school years. We
were suspended for g week, We were not allowed to have any of our school
books., A week at home, alone with no one to play with, seemed an eternity.
When we returned to school we were informed that when the other students
were occupied in sports, we would have to complete the missed school work
before we could rejoin our sports activities. We were put in a room, but
we were not supervised. We had two hours each school day to catch up on
the missed school work. At first we talked and fooled around and didn't
make much progress. Finally, I realized it wads going to be a long time
before I would return to the basketball court, so I buckled down and
fintshed in about two weeks. The others took over a month to finish as
they continued to talk and feol around a lot. We never tried it again.

Finally graduation time arrived. It was customary for the Senior
Class to go somewhere for fun instead of to our classes on the last day of
school. OQur class chese Mr. Cunningham and his wife as our supervisors and
went to our family's summer cottage at Lake Mohawk for the day, where we
swam and used my motorboat and canoe and had some drinks. We returned to
our homes about 4 P.M., got dressed and went to the Meadowbrook Club in
Montclair, N.J. for dinner and dancing. They had big bands there every
night.

The following night was our graduation night. After graduation four
of us graduates got in my father's car and drove eround the block in St.
George, where our school was located, several times blowing our horn
loudly. Then we adjourned to one of the graduates home where we had a big
party which included drinking. That was the last time I ever saw my
classmates (13 of them), except for Larry Radway during Christmas
vacations, while we were stilt in college.

COLLEGE YEARS

My father allowed me to choose my own ccllege. He toock me to Lehigh,
one of.my cholces, to see the place. I went on my own to Columbia which
would have accepted me, but I did not like it because of its location in
the city. I also considered MIT, but did not ever visit it as it required
one year of high school Physics. Our high school didn't have the equipment
for the lab work and didn't have a Physics course. Probably if I had
written them they would have let me in conditionally subject to passing a
Freshman Physics course. That idea did not occur to me. So I finally
decided on Lehigh and Mechanical Engineering. Joe and Bruce Boyle, close
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friends at Lake Mohawk and I hung around together most of the time. Joe
also decided to go to Lehigh for Business Administration. Someone in
Lambda Ch1 Alpha fraternity knew Joe and recommended him to the Chapter at
Lehigh. Jce and I went to Lehigh together and stayed at LXA for rush week.
Joe was picked to join LXA but I was not, so at the end of rush week I
moved to a boarding house on Montclair Avenue. I did get a bid from one
fraternity, but 1t was across town from the campus so I turned 1t down,

In the rooming house, I had a room on the third floor. Al Vine, a
Physics graduate student, and Ted Brown, a senior at Lehigh had rooms on
the second floor. Naturally, we saw a lot of each other and we all had
meal tickets at the diner at the foot of Montclair Avenue. A meal ticket
cost $5 and allowed you to choose $5.50 worth of food from their menu. A
meal ticket would normatly last us about one week, three meals a day.

Shortly after the school term started, one of the lab assistants in
the Physics department didn't show up. This left them with too few lab
assistants. Al Vine who had lived in Garretsville, Ohio knew that Norman
Webster, his classmate at Hiram who lived in Cleveland , had not found a
job and was looking for one. He contacted Norm and persuaded him to become
a graduate student and lab assistant (employee) in the Physics department.
Naturally, he came to live in the same boarding house that we did.

I had signed up as a Mechanical Engineer since I believed that I
had been good at taking things like clocks apart and understanding how
they worked. My classes and studies didn't keep me fully occupied so I
went to my faculty advisor and asked if there was anything I could do in
my spare time. He arranged for me to "help out™ in the machine shop of the
Mechanical Engineering Department. On my first day I went to the machine
shop and reported to the foreman. He assigned me the job of refacing some
instruments which needed new round glass faces. He then left me on my own,
Since I had no idea how one cut @ round disc out of a piece of glass, I
dithered around a couple of hours and left without accomplishing anything.
I never went back there.

I then joined the Photography Club to absorb my spare time. They
taught me about film, emulsions, film development and photo enlargement. I
bought an Argus camera (35 mm) that had just come on the market and
started taking pictures around the campus. As part of this experience we
mixed all of our chemicals from the components.

Towards the end of October, Al Vine came to my room and told me that
he was working with "Doc" Ewing, who had recently completed a trip on a
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submarine to measure gravity. To complete the work he needed to make some
base measurements and reguired a 35 mm. camera to photograph a part of the
observation. It would require some modifications to the camera. They had
been all over Bethlehem and could not find any Argus cameras in stock.
Would I consider selling mine to the project? After a little agomizing I
agreed that cameras promised to the local stores in a week or 19 days
would satisfy my needs and I would sell my camera for the cost of a
replacement. It was $15 as I recall it. This was my first "contact™ with
Doc Ewing.

In my first semester at Lehigh I failed Freshman English. It came
about this way. As part of the English course we had to write essays and
ancther part required reading short stories to learn good presentations in
English. One of the stories involved an English teacher who went mad. In
our discussion of the story, our teacher asked why the man went mad. As a
wise guy, I quickly piped up "because he was an English teacher”. This did
not endear me to my teacher, and afterwards nothing I wrote, satisfied
him. Result, I failed the course. Apparently this fact was reported back
to the Staten Island Academy, because I received a letter from the
Headmaster, Mr. Botsford, deploring the fact that a former editor of the
"Quill” could fail an English course and assuring me that he had
confidence that I would overcome this difficulty. That was the only course
that I ever failed! It probably kept me from making Phi Beta Kappa as 1
missed out on that by .21 of a point in my senior year.

Photography ceased to take up all of my spare time so I volunteered
to help 1in the research Vine and Webster were doing with Ewing 1n the
Spring. Since they were preparing a paper on making Seismic Measurements
at Sea, I was put to work drafting iliustrations. I could do this because
I was well along tn the drafting course required of all engineering
students. Don Crary waos alsc drafting 1llustrations for that paper. He was
paid from Work Progress Administration (WPA) funds to help him with his
school expenses. I wasn't paid. So many of my fellow students could not go
to college without such help that I felt that I could not apply for it
since it wasn't necessary for me. I never asked my father about this; I
often wonder it he would have felt the same way.

Each Friday, as a freshman, each student was scheduled for a one
hour visit (with a group of about thirty) to each academic department. The
department would make a presentation of what a person specializing in that
department would study and what type of jobs he would qualify for after he
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earned his degree. The Physics department gave a presentation that
appealed to me. The Physics program was considered the hardest one to
complete. I liked that challenge, so I transferred from a Mechamcal
Engineering program to an Engineering Physics program.

In the fall of my Freshman year 1936, in early October, I think, on
a Friday evening about 9 P.M., Al Vine came to my room and told me that
Ewing, Vine and Webster and a former student were going to New Jersey to
meet George Woollard to shoot seismic profiles across the Coastal Plain of
New Jersey. The former student had nct shown up and they were shorthanded
and would I like me to come aleng to dig shot holes. This consisted of
using a hand auger that would dig a ©" diameter hole to depths of 18 to 40
feet. I had a Saturday morning class and I would have to cut it to go
atong. After talking it over with Vine for about an hour, I decided I
could cut my class and would go along. I guess this minor decision settled
the rest of my professional career.

On that weekend, we left Bethlehem about 5 A.M., drove to Princeton,
N.J. in Floosey Belle (Dr. Ewing's 1934 Ford car). Floosey Belle was a
product of the depression. She had two front bucket seats and a removable
back seat. There were two side doars and a door at the back so that she
could be used as a delivery truck when the back seat was removed. As g
passenger car seating five when the back seat was in place. Three of us
would sit in front, and one in back sharing the space with the
oscillograph, amplifiers, cables and geophones that would be used to
record the sound waves. There was no back seat in the car then. The hand
augers and extension pipes and a reel of two conductor wire were strapped
on the outside.

At Princeton, George Woollard would join us with his Model "A"
filled with cases of dynamite and we drove to the location for making the
observations. On that first occasion we were shooting the Barnegat Bay
line. This consisted of about eight locations from a point near Princeton,
N.J. , at the fall line of the Coastal Plain, to Barnegat Bay at the
shore tine at the New Jersey Coast, a distance of about 40 miles.

At a station we would park Floosey Belle alongstde o secondary road
and place the geophones (6) about 20@ feet apart on each side of Floosey
Belle on about a Southeast Northwest line. Then we would string a two
conductor cable along the road to the shot point, which varied from about
100 feet beyond the last geophone to a distance of up to a mile increasing
to about 8 miles at Barnegat Bay. Spacing and distance of shot points were
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determined by the results of previous shots. We dug shot holes along the
road as near as possible to the fence line, as we could, so that if we
were accosted by the landholder we would aver we weren't on his tand we
were on the road right of way, and to government objection that we
weren't on the road right of way we were on private land. When the shot
was loaded we would telephone Ewing at Floosey Belle that we were ready.
When he had warmed up the amplifiers and the geophones were guiet Ewing
would tell us to shoot. He would hand crank photo paper through the
oscillograph until the sounds had all arrived at the geophones.

The shot instant was transmitted along the telephone wires to the
oscillograph. Timing the various sound waves to arrive at the geophones
would allow us to calculate the speed of sound in the various nearly
horizontal layers beneath us and the thickness of each layer. After the
recording was completed, Ewing would take the photc paper out of the
oscillograph camera 1n a light tight box and put the box 1n "Minnie's
drawers” which was a black mantel covering a box containing a can of
developer, a can of water and a can of hypo. By winding the paper back and
forth in each can appropriately the record would be developed and 1t could
be examined. Ewing made hasty picks of the arrival times and decided the
distance needed for the next shot. Sometimes we would have to make up to
10 successive shots.

At one station, when the shot distance was over one mile, our
connection to Floosey Belle failed. By backtracking along the line we
found a section of several hundred feet had been cut out of ocur line and
had disappeared. This tock us a while to repuir and precipitated the
decision to use radic connections instead of phone lines as soon as we
could.

The State Geologist of New Jersey who was financing our work would
occasionally visit us in the field and help out. He never inquired about
the legality of handling dynamite or radios that were unlicensed and we
never thought to burden him with such details.

Bob McCurdy, who was an amateur radio nut, was recruited to join the
group to design and build radios and keep them working. He was a regular
1n the remainder of the land work. After that first weekend, I too became
a regular 1n the work.

Usually my classes would be over by noon Friday. I would then go to
the lab and join whoever was working to get the equipment ready and loaded
on Floosey Belle. We'd quit when we were loaded, get some sleep and return
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to leave for New Jersey (usually about 5 AM.) in time to go to work at
daylight. As we moved our work closer to the coast we'd have to leave
earlier. We would work until dark, eating sandwiches and drinking milk at
noon without interrupting the work. After dark we'd find a rcooming house,
nearby, get some supper, wash the records thoroughly, usually in the
bathtub at the rooming house, read the records carefully, plot the data on
graph paper and make calculations of the layer velocities and thicknesses,
make plans for the next day and go to bed at midnight. We would ask to be
called about 5 A.M. so we could get breakfast and be in the field to go to
work at daylight. Sunday night at dark, we would find a diner, get a meal
and drive to Bethiehem and unload the equipment. 1'd often get back to my
room at 2 A.M. and would have to get up at 6:38 to get to my first class
at 7:45. '
' During the week, we would often have to make repairs to our gear.
This sometimes caused a shortage of time for classes and all. At that time
I was averaging less than 6 hours per night of sleep. We always had to
remove the gear from Floosey Belle on our return because Ewing had to use
the car for his family during the week.

On one occasion, early in the morning, I had the rumble seat of my
Ford coupe, a second hand car my mother had persuaded my father to buy for
me, filled with dynamite. While crossing the central square of the town
of Silverton, N.J. a bread truck on a cross street ran into the rear
fender of the car. The road the bread truck was on was about 190@ ft. wide,
parallel to the beach. We were on the main road heading away from the
beach, Even though 1t was before 7 o'clock in the morning, a group of
about 1@ people gathered around. As far as I could tell, only my fender
was crumpled.

One onlooker claimed he was a body shop worker and insisted on my
opening the rumble seat so that he could see how much damage had been
done. I refused saying that our rumble seat was chockablock full with
camping gear and that I was not going to unload it all so that he could
take a look. Ultimately I prevailed and we got away unscathed. The bread
company paid for my repairs about $20 as I recall.

Assisting in the seismic work I learned how to test continuity in
electric lines, test for voltage in a circuit, how to dig guger holes in
sands and clays, how to handle and fire explosives, the rudiments of
radics, how to make a short but accurate radio report, how to 1ift and
carry and many other things. It paid off because in my laboratories in

17



physics and various engineering courses, I would accomplish the three hour
lab 1n an hour or two, while most of the other students would complain
that they did not have enough time to complete their report.

The seismic work on the Barnegat Bay line (finished in the fall of
1937) was such a success that we made a Cape May line in the spring of
1938. This consisted of 12 stations from the fall line near the Delaware
River to Cape May, New Jersey a distance of 60 miles. In the papers about
these profiles Ewing developed the analysis of reversed seismic stations
for determining true velocities for the Barnegat Bay line and the system
of least squares fitting for the reversed profiles on the Cape May line..
The seismic apparatus developed for making records on the sea floor in the
summer of 1937 and 1938 was used for these profiles. All of the equipment
was built by Ewing, Vine and Webster. I helped on some of the building of
the geophones. '

Since I had been spending so much time involved in the research
program in New Jersey and helping build instruments, (this was where I
first learned how to use machine tools under the tutelage of Al Vine) my
grades suffered in my Sophomore year. They fell to a 2.4 average for the
year from the nearly 3.9 average I maintained in my college career. (4.8
wWas max).

Towards the end of my Sophomore year, our whole class in the
engineering school was given a general test to determine cur progress in
general terms. I placed 17th in our class of about 350 to my surprise, the
surprise of the Physics Dept. faculty and my peers. I attributed it to the
many things. I had learned in the research program in which I was
participating.

The first attempt to determine the structure of the ocean floor in
deep water was carried out in 1937 and after some improvements in 1938.
The equipment was constructed in 1936, 1937 by Ewing, Vine and Webster.
Basically it was a robot that would be lowered onto the ocean floor,
proceed with 1ts program of operation and then was recovered. It was
lowered on a one half inch diameter wire rope from RV. Atlantis. The
equipment consisted of a main instrument chamber (Oscillograph) cable
connected to four geophones spaced 100 ft. apart. Beyond the last geophone
three explosive bombs were attached to the cable beyond the outermost
geophone at 1,000 ft. intervals. The object was to lay all of this
equipment on the bottom in line. Since the geophones were affected by
motion, the 500 1b. oscillograph was attached to a large lead weight
(about 1,820 pounds) by 5@ feet of chain. In turn the lead weight was
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attached to the 1/2 inch wire rope that lowered all of this equipment from
R.V. Atlantis, about three miles above on the sea surface.

When 1t was believed that the farthest bomb was nearing bottom, the
ship would get under way at slow speed to try to lay all the gear in a
line on the bottom as the wire rope was paid out. After the large weight
reached bottom the ship was stopped and wire rope paid out slowly trying
to avold tugging on the weight due to ship's drift and wave motions. After
the bombs fired the equipment was recovered by reeling in the wire rope.

Since no one had ever fired explosives at the ocean flocr where the
pressure approached 8,000 pounds per square inch, and the temperature was
close to @°C, Dr. Ewing had been advised that the bombs would have to be
in pressure and watertight cases as TNT would not explode at the pressures
and temperature at the sea floor. Cylinders were constructed to hold 1
pound, 3 pounds and 18 pounds of TNT. These cases were filled ot sea by
melting the TNT on the deck of the Atlantis in a device called "Vines
St1ll", by steam piped from the engine room. An electrically fired
detonator was included in the charge and two leads through the cover
allowed the necessary circuits to be completed. Naturally, no such
connections had been made up to that time so these too had to be
constructed.

The wires to each bomp were soldered to the "lead 1ns” . A lead in
had a tapered head so that the water pressure would not push it intc the
case. It was insulated from the casing head by bekelite washers and the
connections were protected from the sea water by a small cap, which
surrounded the lead ins, filled with melted tar. These proved messy to use
and expensive to build (especially since the whole project was financed
by the Geological Society of America with grants of about $5,00@ per year
to build all of the equipment, buy explosives, and all of the cable for
electrical connections. These origingl bombs were exploded in the order
from the farthest to the nearest since the electric cable would be severed
by each bomb.

Geophones were not available commercially gt that time so the four
geophones (actually six were constructed) that had a large alnico magnet
about four inches in outside diameter and three inches in inside diameter.
A center pole pilece about one inch in diameter was attached to an iron
disk that spanned one end of the alnico magnet. A pole pilece 1/2" tnick of
iron was added on the opposite end of the alnico magnet leaving an annulus
about 1/2" diameter from the central pole. Thus a radial magnetic field
existed between the latter pole piece and the central post. On a bakelite
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form a coil of about five thousand turns was constructed which would fit
in the radial field without touching either side. This coil was supported
by a thin flat piece of spring metal to the frame that supported the
magnet. An aluminum case surrounded the whole construction and was filled
with motor oil to provide suiltable damping. A sylphon bellows was attached
to the case so that the pressure was equalized between the ocean outside
and the motor o1l 1nside. The gecphone had to be oriented so that the
cylindrical case axis was vertical.

When a vertical motion from a sound wave would move the geophone
case, the inertia of the coll would tend to keep the coil from moving. The
magnetic field was moved so that the wires of the coil were cutting the
magnetic field, generating a small electric current. Two lead ins similar
to the ones on the main case were connected to the electric cable
conducting the current to the amplifiers in the oscillograph.

These amplifiers, which at that time used vacuum tubes, had to be
very small to fit in the main case. Regular flashlight batteries powered
the filaments of the vacuum tubes and 4 small 45 volt "B" batteries
supplied the plate voltage. The amplified signals were fed to a series of
D'Arsonval galvanometers which had mirrors attached to their moving cotls.
The nine galvanometer bank had to be constructed too, as none were
available of such small size. The whole bank was about 6 inches long, 4
inches wide and about 5 inches tall and contained nine separate
galvanometers. Each of the four geophones had two galvanometers hooked to
1t each with a different gain to cover the possible
wide range of signals that might be received. The ninth galvanometer
received a signal from the firing of each bomb, the shot instant.

Each galvanometer element was 1/4” square and about 3 inches long. A
twenty turn coill of wire was wound on I beam shaped piece of aluminum
about 3/4" long. Each end of the coil was attached to a flat gold wire
about 1" long. The bottom gold wire was attached to the frame as a ground
connection. The top gold ribbon was attached to a .@30" rod about I" tong.
This rod was fed through an insulator inserted in the end of the top of
the frame, a small soldering lug (also had to be manufactured) then to a
small about 3/4" compression spring, through a washer, retained by a
smatler rod passed at right angles through the galvanometer rod. A small
mirror about 1/8" by 1/4" was glued just above the coil to the flat gold
wire. The spring kept the suspension appropriately tight. The small rod at
the top allowed the suspension to be turned so that the mirror could be
aimed. The solder lug along with the grounded lead allowed the amplified
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signhal to be fed to each galvanometer,

As the amplified signal from the geophone was passed through the
galvanometer, the coil would twist in the magnetic field supplied by a U
shaped alnico magnet., The aluminum coil form in the magneti¢ field
provided eddy current dumping so the galvanometers wouldn't oscillate back
and forth from an impingtng signal. The twist, caused the light beam from
a line filament bulb, reflected from the mirror to move back and forth
along a slit opening in the photographic camera, thus recording the up and
down motion of the ocean floor from the seismic woves from the bombs
disturbing it to be recorded as a wavy line on the moving paper record in
the camera. I believe the galvanometer bank described above was the
targest number of galvanometers, nine, constructed as the smallest
galvanometer bank that existed at that time.

To praovide timing for the photo record, a tuning fork was equipped
with a slit attached to each leg of the fork with a line filament bulb
located so that each time the fork vibrated the slits would line up and
allow light to fall on the camera slit. A suitable driving circuit to
cause the fork to vibrate had to be provided. Thus lines were put on the
photo record at 1/10@ th second intervals. The paper in the camers was
driven at such g speed that the fork lines were about 3/16 inches apart.
Thus times could be estimated on the record to about 1/1,0800 sec.

The camera slit was provided with a cylindrical lens so that the
fork tllumination of the slit would make very fine lines and the vertical
linesreflected from the galvanometer mirrors would become sharp dots on
the photo paper. The photo paper was about five inches wide. The record
then consisted of one galvanometer which recorded the shot instant, eight
galvanometers which made wavy lines following the motion of the geophones
with black timing lines across the whole record at 1/10@ th second
intervals.

The camera of course had to be built to shield the photo paper from
all light except what came through the stit. A small electric motor
operated the camera mechanism.

A timer that could be set to close a switch at a chosen five minute
interval, from one to twelve hours after 1t was set, started the
operation of the equipment. When the timer switch closed 1t started a
motor which drove a commutator. The commutator was constructed to provide
current to the amplifiers shortly after it was activated, two minutes
later to light the lights and start the camera. 1@ seconds after the
camera was started the shot the farthest away was fired, after another 19
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secends the second shot was fired, after another 1@ seconds the third shot
was fired, after another 10 seconds the camera wos stopped and the tights,
tork, amplifiers, and camera were shut off,

After the shots were heard on board ship, the wire rope was hauled
1n and the equipment recovered. After all the gear was on deck the
oscillograph case had to be opened, the comerag recovered and token below
and the record developed. four attempts to make records were made 1n the
summer of 1937 with this gear. This was only one program of several on a
two week cruise on Atlantis. By the time the gear was made ready, the
pressure case closed, the new bomb wires and bombs connected and all
attached to the wire rope more than an hour would have passed. By the time
the gear was put over the side, and the equipment lowered tc bottom, three
to four more hours would have elapsed.

Usually the timer had to be set so that there was more than adequate
time to get the gear on bottom, so there would have to be a wait of a half
hour or so before the bombs would go off. Recovering the gear took a good
four hours of hoisting and an hour to get the various pleces of apparatus
on board. Thus an operation was usually started at daylight and wouldn't
be completed till nearly dark.

None of the attempts to make records were successful in the summer
of 1937 because of the ship tugging on the wire despite everyone's best
efforts to avoid this.

Underwater Photography

On our trips on Atlantis for seismic measurements, 1t would take
about a day and a half to cross the contirental shelf each way going and
coming. Since we did not have too much to do at those times, Ewing and
Vine had built an underwater camera. The ship would stop for about fifteen
minutes about each three hours and we'd lower the camera to bottom, take a
couple of pictures and recover the camera and the ship would resume its
course and speed, .

The camera was an Argus camera which was mounted on an aluminum head
looking out of a small glass porthole. The aluminum head was fitted on a
large pyrex glass test tube which we called a pyrex penis. The glass test
tube was about 6" 1n diameter, about 3/8 inch thick and about four fest
long. The end of the tube was ground flat and the aluminum head was held
against the end of the tube by largs elastic bands, cut from an autcmobila
tire inner tube, strapped to the tube. The watertight seal was made by
stretching a plece of inner tube about 1 1/2” wide across the seam between
the tube and the head. Batteries were inciuded within the tube which would
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wind the film one space and fire flashbulbs. Electric leads synchronized
to the camera were fed through the aluminum head to the trigger which
fired the camera on bottom contact and another sent to a small flashbulb
which was enclosed in a automobile gasoline glass filter bulb to protect
1t from the water pressure. The camera was 1ifted off bottom and held
suspended off bottom for 30 seconds to allow g motor to advance the film,
then was lowered a second time to take a second picture. The pyrex penis
provided enough flotation to bring the camera back to the surface, The
trigger weight .caused the camera to sink to bottom and was,dropped after
the second picture was taken. A light "cod line"” was attached to the pole
to which the camera and flashbulbs were connected so the camera could be
pulled back to the ship without having to maneuver the ship to the camera.

About 200 pictures were taken on the continental shelf and on
George's Bank before the camera was lost on a lowering to 1,808 fathoms.
We knew it was marginal whether the pyrex penis would stand the 3,000
pounds per sguare inch pressure at that depth, but we decided to take a
chance to get such a picture at that depth. Only a small ptece of the pole
was recovered. We believe the pyrex penis imploded and shattered the pole.
This was the second camera that Ewing et al had made. The first had taken
one rather poor picture in 2,900 fathoms before it was lost. These were
the forerunners of numerous cameras we made over the years with which we
took thousands of pictures at all ocean depths up to 3,086 fathoms.

Since the bombs for the cable connected OBS were expensive and time
consuming to make, an experiment was conducted in 1937 that successfully
fired powdered TNT enclosed in a weather balloon (g heavy rubber balloon)
The powdered TNT would form ¢ solid block under pressure with air
surrounding it. . Thus the experts were wrong. TNT would fire under
temperature and pressure conditions on the ocean fleoor. In the summer of
1938 bombs were made this way which also avoided the somewhat dangerous
and very messy step of casting TNT on the ship. To avoid breaking the
electric firing wires passing by the explosion, at each bomb the wires
were attached to a willow stick obout 10 ft. long which was bent into a
curve with the bomb stretched between the ends within the nearly half
circle that the willow stick made, It would fire without damaging the
electric cable passing by on the curved willow,

In 1938 one observation gave some data. It showed a layer velocity
of 5,700 ft. per second which was interpreted as sediment and showed g
minimum thickness of 688 feet. Again we were plagued by the ship tugging
on the instruments. Sometimes the equipment was laid in a jumbled pile,
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probably due to unknown currents affecting the ship while the equipment
was being laid on bottom. Sometimes there would be damoge to cables and
instruments from being dragged on the bottom. On one occasion one of the
bombs got caught in a loop of cable and was found near the instrument
case, Fortunately 1t had not fired. It was considered likely that 1t was
only a matter of time before a bomb would destroy or blow off the
oscillograph. In any event, it became obvious the whole string of bombs
and instruments were not being laid out in line as desired. Therefore, it
was decided that another way to do the experiment had to be found.

The hurricone of 1938:

We returned from sea in September 1938 and we were making 12 knots
under sail on Atlantis, perhaps her fastest under sail. It turned out we
were riding the forefront of the e hurricane that hit New England. We
landed at about 9 AM. and since I was going to be late for class, Webster
and I loaded my 1936 Ford Coupe (with rumble seat) with gear and left
Woods Hole for Bethlehem. We actually left about ncon. By the time we got
to Buzzards Bay the hurricane was hitting the Mainland full force. Someone
had stepped on Webster's glasses and broke them that morning so he could
not drive and 1 had to do all the driving.

As the wind picked up signs were being detached from their poles and
were blowing across the road. Webster and T would watch to see any signs
ahead that were about to blow into the road and I'd speed up or slow down
in order to avoid it. By Providence, R.I. most of the traffic lights were
not functioning, but since there were few cars out we got through all
right.

The section of road to New London did not have many trees close so
we did not have much trouble other than the veering of the car in the
winds. From New London on we were on US 1 which goes close to the shore.
There were a lot of trees down, many across the road. We'd come up to one,
find several cars stopped, we'd pass them and find a way around or over
the trees and the cars that had stopped would follow us. In some places,
power lines were down and sparks were jumping from the broken cables to
nearby trees, or sign posts. We knew that our tires
insulated us, so we'd pass stopped cars and drive over the wires and
pretty soon some of the cars that had been stopped would catch up to us
and pass us having followed our path across the tive wires, only to be
stopped by the next one. Pretty soon we started to find low places where
the sea had crossed the highway. If we could tell the water depth was less
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than 3 ft. we would slowly drive through them and continue on our way.
Finally, we were stopped behind a line of about thirty cars near Madison,
Connecticut. We,walked ahead and realized the water was too deep so we
returned to our car. It was then about 19 P.M. We decided we were going to
be there for a long time and that we’'d need something to eat. Fortunately
a Dugan's Bakery truck was stopped nearby so we went to him and persuaded
him to sell us a couple. of coffee cokes. This started a rush and pretty
soon the Dugan's truck was all sold out.

Meanwhile cars had been accumutating behind us for at least a mile.
At that time Route 1 was only a two lane road with narrow shoulders. Some
wise guy 1n back decided to pass all the stopped cars by driving in the
left lane. A lot of others followed and we SOON had at least a mile of two
lanes filled with cars up to the flooded section.

Unfortunately on the far side of the flooded section the cars had
done the same thing. At about 3 A.M. when the water had fallen enough for
cars to get through, about three cars from our lane would move ahead,
about three cars from the outside lane would move in behind them and on
the other side of the water the same thing was taking place so our six
cars could move ahead about 6 car lengths and their six cars could move
ahead about 6 car lengths and this had to be repeated over and over again.
The result was that it was 6 A.M. before we got through the water and past
the car jam. After we got underway again, after about one hour, we passed
out of the area, messed up by the hurricane and were able to stop and get
some breakfast and coffee. I surely needed it. The rest of our trip to
Bethlehem was routine.

Dr. Ewing and Al Vine left Woods Hole about 2 P.M. in Floosey Belle
during the beginning of the hurricane; then Dr. Ewing had to stop for
about 1/2 hour in Plymouth on business and then they drove farther inland
towards Bethlehem. They also experienced flying signs, downed trees and
power cables on the ground spitting sparks, but they were less numerous
than the ones that we experienced.

They reached a river where the bridge had washed out so they could
not proceed further. A man with a flashlight stopped them and told them of
the washout. They asked if there was another way across the river. He said
yes, that about 1@ miles north there was another bridge, but he did not
know whether or not it was passable. They turned north and were faced with
a maze of roads ond they had no idea which ones to follow. Nevertheless
they made choices and came to a man with a flashlight who told them that
the bridge ahead was washed out. They asked about an glternate crossing
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and he said that about an hour previously he had sent a couple of fellows
north and they had not returned sc that he guessed the bridge above was
open, Then Ewing and Vine realized they had circled back and this was the
same man! They eventually returned to Bethlehem too.

Free Floating Instruments:

In the fall of 1938 Prof Ewing received a Guggenheim Fellowship
which allowed him to take leave off his academic duties for a year to
concentrate on his research project. He hod decided to butld a separate
oscillograph for each geophone and a separate firing umit for each bomb
synchronized by suitable timers. A former student of Dr. Ewing's that had
taken a job at the Hamilton Watch Company had invited us to come to visit
and bring the crystal chronometer, which had been invented and built by
Dr. Marrtson of Bell Labs, to compare with Hamiltton's "Shortt Clock™ their
standard by which they rated all their watches. We had this instrument
because of the submarine gravity work that Ewing had done on the submarine
USS Barracuda 1n 1935. The Shortt Clock was supposed to be accurate to
about a part per million as was the Crystal Chronometer. All the tests we
made by varying voltages over acceptable ranges and other things showed no
variation between their clock and ours until 4:30 when ¢ big change
occurred which ended at 5:15. This coincided with the factory making
watches shutting down for the night affecting the “"Shortt Clock™ which
returned to its excellent operation again after 5:15. The Hamilton Watch
Company was surprised and took immediate steps to correct the problem.

The signal from the Shortt Clock was piped throughout the factory so
watches could be rated at many locations. The shut down (and probably the
start up in the morning) changed the load on the Shortt Clock and affected
its rate and affected the rating of some of the manufactured watches.
Hemilton immediately went to work on the problem and were able to correct
1t quickly. In appreciation of our participation they gave us a dozen
Hamilton Watches (men's pocket variety) to use in coordinating our new
seismic instruments. The Hamilton Watches had to be modified by removing
the hands and replacing them with commutator disks. Feelers to ride on the
commutator disks had to be made to mount on the watch faces with insulated
leads attached to the outside so that outside contacts could be made. The
watch bezel and crystal face was retained to protect the mechanism from
external effects.

Al Vine made a protective case in which to keep the watches with
sultable circuits so that each watch would light @ button when the hour
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and minute hands contacted their feelers. The second could be written down
by the button and the button pushed to turn off the light so that the
others could be similarly marked. Before each use the seven pest
synchronized watches would be used for that day's experiment.

In the fall of 1938 we all got busy building individual oscillographs,
which all had to have the sane parts and functions as the previous
multiple umt. These galvanometers were built as units of three instead of
the larger unit of nine galvanometers used in the former instrument.

We built four oscillographs ond constructed aluminum pressure cases to
house them. Under the pressure of §,00Q pounds per square inch and the
temperature of near @o C the insides of these cases shrunk a tittle and
the oscillographs inside had to have frames slightly smaller so that this
constriction did not domage the instruments., We also had to build five
bomb shooters. These too had to have atuminum pressure cases, a timing
watch, batteries and a relay to switch on the firing current for the
bonibs .

To bring each of these units back to the surface we had to build
floats. These were made from about 10 ft. sections of heavy neoprene hose
(about 10" 1nside diometer, filler hose for large tank ships) with
aluminum heads to seal each end. One end had a vent so they could be
filled with gasoline. Beneath the instrument chamber we attached a release
mechanism and cast iron weights of sufficient weight to cause the unit to
sink rapidly to the ccean bottom. The weights were made as disks of cast
1ron about 10" in diameter and about 1" thick. Each disk weighed 1@ pounds
1n seawater.

The release mechanism consisted of a metal can with a diaphragm
with a 1" hole in it. A small bag with a block of solid salt was retained
above the diaphragm. The weights were attached to the salt bag. When the
salt 1n the bag dissolved, the weights were released and the gasoline
float would return the instrument to the surface,

Smaller geophones were made housed in aluminum cases. These were
suspended off to the side of the oscillograph cases by a triangular frame
of bamboo. Each cavity in the bamboo had to have a hole drilled into it so
it would flood with seawater otherwise the frame would be collapsed and
destroyed by the water pressure. The geophones had to be deployed to the
side so they would not tangle with the sinking weights and so their cables
were slack when the weights were on bottom.

The size of the block of salt determined how long the instrument
remained on bottom. Of course we had to make extensive laboratory tests to
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find out the time 1t took for enough salt to dissolve that the bag would
be pulled through the hole 1n the bottom of the release to leave the sink
weight on bottom and allow the instruments to float back to the surface. A
deflecting shield had to be attached below the release to prevent the
rapid solution of the salt in the bag by the motion of the unit while
sinking to bottom.

Each oscillograph had to have a camera (using 35 mm photographic
paper) with a cylindrical lens, a light source, a turning fork for making
time lines, an amplifier, a three galvanometer bank, two sets of
batteries, and a starting watch,

There were no known gasket seagls for the instrument heads available
at that time. So we had to design and test our own. We also had to test
the instrument cases to make sure they would not collapse at a pressure of
10,000 pounds per sguare inch. To test them we obtained a 14 inch in
outside diameter naval shell and sank 1t sharp end down in a hole in the
ground floor room of our laboratory in the physics department. The base of
the shell had a very heavy plug to seal the explosive powder in the shell.
We could test cylinders up to eight inches in diameter and up to three
foot length 1n the cavity of the shell. The shell was made available to us
by Bethlehem Steel Co. as excess Navy property. We mounted a 1 ton
hydraulic automobile jack on top of the shell after drilling a hole into
the bottom of the jaock that mated with a hole in the shell plug. The jack
prston was plugged so that 1t could not move and pumping the jack caused
o1l to pass into the shell. With sufficient pumping we could raise the
pressure up to 10,090 pounds per square inch. A copper gasket clamped
between the base of the jack and the shell plug prevented leakage between
them,

A former student of Dr. Ewing’s, then working at Johns Manville,
made a cylindrical ring of rubbery asbestos made in a circle which served
as a gasket between the plug and the shell. Probably this was the first O
ring seal. The threads on the shell plug were left handed so that the
rotation of the shell leaving the gun barrel would not cause it to
unscrew. This feature caused a humcrous incident which will be related
later.

The cylindrical instrument heads had to be made with two steps with
only @81 inch radial clearance in each step. This was because tha
external pressure on the whole head so compressed the neoprene rubber of
the gasket that it would squeeze the neoprene into the clearance spaces if
they were any larger. These gaskets were made of 1/8 thick sheet neoprene
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with a 1/2 inch wide strip of circular neoprene.

All of this equipment and tests had to be completed by Thanksgiving
because Dr. Ewing had tickets to Bermuda where he was to meet Dr. Woollard
to test the system in the deep water easily reached from Bermuda. His wife
and son were going to Bermuda with him. The Monarch of Bermuda was sailing
about 1 P.M. on the Saturday after Thanksgiving. The equipment that Ewing
was to take with him was not completed as Thanksgiving approached. So all
of us tried to complete it in time. Vine and Webster and I had been
helping to get the gear ready all of the time when we were not occupied in
classes. Starting Wednesday noon we worked continuousty until about 9 A.M.
Saturday without stopping other than to eat occasionally. At 9 AM. we
loaded all of the equipment in Floosey Belle, Webster's Packard touring
sedan and my Ford rumble seat coupe and started for New York.

It had snowed about 6" deep on Thanksgiving day, catching the
authorities by surprise. Since little show removing eguipment was ready
the snow had been packed into an icy consistency on the roads by the
traffic, We didn't get under way for New York until about 11 A.M. and on
dry roads it would take 2 hours to make the trip. Being short of time, we
all drove about 7@ m/Hr. most of the way on the icy roads. At some traffic
lights where cars were stopped, Dr. Ewing would try to stop and would go
into a skid turning around and round and would pass the stopped cars often
going backwards in a skid, I would pass them on their other side in a full
skid and Webster would come last also skidding passing on one or the other
side. Without stopping Ewing would regain control and start East again
with us following. Fortunately, we never hit anyone or each other even
though there were red lights for our diraction of travel.

Despite our efforts the Monarch of Bermuda, with Ewing's wife and
son on board while Ewing still held their tickets, was slipping her lines
and tooting her horn to warn of her moving away from the dock when we
arrived. Doc did his best to get the authorities to hold the ship with no
success. He later told us that in desperation he was trying to decide
whether to shed his coat or not while he tried to haul himself on board
hand over hand with the one line still connected to the dock, when that
line was thrown to the dock from the ship.

Ewing arranged with the shipping line about the tickets for his wife
son and for himself to toke the trip leaving one week later with all of
the equtpment. I had arranged with my folks on Staten Island to have Vine
and Webster and I to have ¢ belated Thanksgiving Dinner with them on
Saturday night after the ship had sailed. 1 tried to persuade Doc to join
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us, but he would not and returned to Bethlehem. Mother served her usual
super Thanksgiving Dinner for us. She and father later told me it was
funny to watch the three of us. We'd fall asleep while we were eating and
would wake with a start when we'd start all over and try again. Finally,
she dectded there was no use and got us to go to bed without completing
our meal. We had a warmed over Thanksgiving meal on Sunday noon. She was a
good sport and never complained of our failure to appreciate her hard work
Saturday. I must say we all did more than justice to 1t on Sunday.

We returned to Lehigh Sunday afternoon and worked as much as
possible for the following week on the gear. It probably worked out for
the best since the gear was far enough along when he left the following
week that Ewing and Woollard, who was joining him in Bermuda, could finish
completing the gear with just hand tools, Ewing and Woollard deployed the
oscillograph units and bomb shooters five or six times during the winter
and spring but did not get any usable records.

They found out that surface currents would cause their deployment of
the various units to be in a different line than that which they had
followed 1n deploying them. It was always hard to find them after they
surfaced even though each one had a 6 ft. pole with a red flag on the top.
Once they found one, it was usually fairly easy to find the others,

When Ewing returned in late spring with the above information we added two
more buoys to the line. One that we deployed shortly after the last
instrument that would go to bottom, stay on bottom about one half as long
as our instruments and another that would make the trip to bottom and
return immediately. We thought this would mgke it easier to find the line
of equipment.

Operation of the Free Floating Instruments
The mode of operation of the free floating instruments was to steam

at full speed along a chosen course line. A bomb shooter and bomb would be
put over, one thousand feet later anocther bomb shooter and bomb would be
released, one thousand feet later a third bomb shooter and bomb would be
released, five hundred feet later an oscillograph and geophone would be
released, at five hundred feet intervals the other three oscillograph and
geophones were released, five hundred feet beyond the last oscillograph
the float to remain on bottom a half hour was released and five hundred
feet beyond the float to go to bottom and immediately return to the
surface was released.

Then the ship was hove-to to await the two hours it took the units
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to reach bottom. If all went well we would then hear the bombs fire. About
2 hours after recovering the buoy returning directly from the bottom, we
would start looking for the flags of the other buoys. After the last buoy
was over the side the ship would drift away from the site for about three
hours under the influence of the surface currents and the wind. Our
greatest efforts to site the bucy flags were naturally aimed upwind. If no
buoy had been sited by an hour after we expected the bottomed units to
surface, we would sail slowly upwind for a couple of miles that we
believed we had drifted since deploying the instruments. If one was
spotted then, we'd institute a search in the dgrea. After a buoy was found,
we'd pick it up, identify which unit it was and then search harder along
the line of travel we used while deploying them and or its reverse.

On Atlontis, Vine and I would climb up to the spreoders, 109 ft.
above the deck and using binoculars search around the ship for the buoys.
Webster and Ewing and the ship’s officers would search from the top of the
deck houses. The spreaders were round, about six inches in diameter, and
about six feet long. A stay from the masthead, a wire rope about 3/4 inch
in digmeter, would pass the end of the spreader and be attached to the
rail near deck level. This made a very good handhold to steady one on the
spreader. At first we must have bent the wire stays with the strength of
our grip to maintain us on the spreader. After the first twe hours, we got
quite accustomed to it and we became quite casual with our grip.

Sometimes it would take us most of the remgining daylight hours to
find the line of buoys and we'd be recovering them well into the dusk,
Most times we would find them while there was ample daylight. Of the about
thirty times that we deployed this group of instruments, we only lost one
instrument., This was a bomb shooter., The bomb failed to fire and was too
heavy for the float to bring the equipment back to the surface. We had a
lot of misfires in the summer of 1938. We attributed this to the
detonators having an air space gt their top end. We believed the pressure
was collapsing the detonator, damaging the circuit and causing the
misfires.

We decided that if we put the detonator inside a brass tube, the
powdered TNT would pack around the detonator forming a seal that would
prevent the detonator collapse. We put together g small bomb with a
detonator inside such a tube and put it in our pressure vessel to test it.
At a pressure of about 4,000 PSI there was a loud thump and the pump on
the pressure vessel stopped working. Vine and I were examining it to see
what was the matter, when Ewing, who had been working in his office, came
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running tn and asked what had happened. I told him. He asked what the
pressure was. [ loocked and told him about ©,00¢ PSI. He asked what 1t had
been when I last looked, and 1 satd 4,008 PSI. He told me to open the
pressure release valve and a spout of burnt oil spurted out. He then got
us all to leave the lab posthaste.

We went to the far end of the hallway and discussed what was going
on. We then realized that the campus policeman was due by soon and he
often looked in our lab window, which was on the ground floor, and visited
with those of us working there. Feeling that seeing the oil and cinders
spouting from our pressure vessel he might come in, we decided we'd better
pull down the window shades. I ran back into the lab, pulled down the
window shades and jumped out the window rather than pass close to the
pressure vessel again. After about one half hour, we returned to the lab
toc find the pressure released. We opened the pressure vessel and found a
mess of cinders, oil and water emulsified, a spot on the ceiling where the
vent spot hit, thoroughly soiled with oil and cinders and an olly emulsion
dripping off all of the furniture, ceiling, walls, etc. When we recovered
the remains from the pressure vessel we found the tube in which we had
enclosed the detonator had collapsed causing a secondary explosion, that
is the TNT to bum instead of explode and the detonator exploded apparently
from the fire. This mishap turned into a great boon later on in our work
at WHOI

The lab was a real mess, with burnt motor oil, cinders, and oil and
water emulsion coating everything in the tab. This happened about 18 p.m.
Vine and I spent all night cleaning the externais of the lab so that it
didn't look much worse than usual by the time the department staff started
to arrive the next morning. It tock us about three days to complete
cleaning the lab. We had a rack of cubby holes, just larger than a cigar
box, with small parts stored in cigar boxes for later use. We found
emuisified o1l and water and cinders inside small cardboard boxes which
were in the cigar boxes which were in the cubby holes. It is still a
mystery to me how the mess could have so thoroughly distributed itself.
The spot on the ceiling was just beneath the spot of the chair of the
department heads secretary sat during the day on the floor above. Needless
to say, we did not repeat the experiment. Instead Dr. Ewing got his
friends in DuPont to build us detonators that had no air spaces in them
which we used after that.

In the late fall of 1939 the engine of my 1936 Ford was using large
guantities of oil and running badly. It needed new pistons, new main
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bearings and probably more. Instead I bought a replacement engine for
about $75 and over one weekend Ed Uhl and I took out the old engine and
put in the new one., Neither of us had done this before, so we did 1t by
the seat of our pants. I rented the use of a large garage around the
corner from our apartment. Included was a frame on rollers with a chain
fall copable of lifting one ton. We had to take out the whole radiator and
surrounding coverings leaving the front end open. We removed the bolts
securing the engine to the frome, and those securing the engine to the
transmission. After taking the engine weight on the rolling frame we had
to pull the main engine shaft spline from the clutch. This meant lifting
and sliding forward about one quarter inch at a time for at least three
inches. When the engine was free we 1ifted it high and rolled the frame
forward until we could lower the engine onto the floor. Then we had to
remove everything, the generator, starter, the exhaust and tntake
manifolds, and the cylinder heads from the old engine and install them on
the new engine block. Replacing the new engine was even harder than
removing the old one as aligning the spline was so difficult. We finally
finished about 5 p.m. Sunday after working till midnight Saturday and
starting at 7 a.m. again Sunday stopping only to eat and sleep. To our
surprise when we put in oil and started the engine, everything worked!

At Lehigh, everyone was required to take two years of Reserve
Officer Training Course (ROTC). In the spring of my Sophomore year we were
assigned to learn to disassemble and reassemble the BAR (Browning
Automatic Rifte). One also had to name each part as this was done. We were
given a month to learn to do this and to practice. Since I didn't want to
have to take the course over 1 practiced thts chore repeatedly. When the
results of the test were announced, T had had the best time to accomplish
the task and no errors in naming the parts. Towards the end of the ROTC
course, we were all asked to sign up for summer camp of two weeks and the
advanced course for the remaining two years. I decided that I did not want
to go on as it mostly required memorization which I was not good at, and
the summer field camp would interfere with my summer work with Dr. Ewing.
In the last week of classes, they read off the names of those that had
signed on for the advanced course, The list was correct except my name was
included. I protested and I was asked to see the instructor after class.
When I did, he did ms best to convince me that I would have a great
future in the ROTC and later in the Army if I so chose. I emphatically
declined. I believe this mistake was the result of my success with the
BAR.
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In the spring term of 1939 1 was taking an Electrical Engineering
Course 1n DC and AC electric motors. Qur Professor would come into class
and ask if we had read our assignment. He would then ask 1f anyone had any
guestions. Usually there were none, so he would send us to the blackboard
and have each of us work a different problem given ot the end of the
chapter of our text. After some time he would ask each of us 1n turn to
explain our problem and our solution. After about two weeks of this, I
made sure I had a guestion each day. After another two weeks he would
lean against the door jamb on the outside of the room and then gradually
rotate into the class room and start his routine. He added a new twist
though, he would say does anyone but Worzel have a question. When there
was none he would then say what is yours Worzel. After answering the
question very succinctly, he would proceed as before.

Normally in college I wore corduroy trousers and a suede jacket. One
day I was going home for a weekend so I appeared in his c¢lass in a suit
and tie. He asked me who I was going to bury. I, of course, answered I am
leaving for home right after class. During the class it started to pour
rain outside causing everyone to turn and look out the windows. Without
thinking I spoke loudly and said, "Stop". The rain stopped abruptly and
class resumed. Pretty soon 1t started to rain again. The Professor turned
to me and said, "lLet's see you do that again". I just smiled.

On one exam he took off five points becouse I had given the answer
as 25.2 rather than 25.23. 1 went to him and pointed out that the data he
had given us was only given to 1 part in 300 and that we had been taught
1n the Physics Department that we could not get any answer more accurately
than the data we had. Re reluctantly backed off and took only 2 points off
my grade instead of 5 and refused to go any farther.

Towards the end of the term I was elected to the Newtonian Society
(honorary mathematics). At the dinner in honor of the new members I
happened to be seated next to the Professor described above. Towards the
end of the meal he turned to me and said that he had been teaching the
course I was taking with him for five years, and that I was the only
student whe had fought back at him. He said that he commended me for it.

During the summer Dr. Ewing was able to allow us $15 per week for
expenses. Finding it hard to live on that, working 18 hour days, seven
days a week and with our hearty appetites, even with $5 meal tickets, we
appropriated a ten foot by 14 foot tarpaulin and about six blankets from
our lab supplies. We doubled over the 14 foot length making @ bed 10 feet
wide and 7 feet long and put our blankets inside. We doubled it over and
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rolled it up making a roll about 5 foot wide and about 2 feet in diameter.
This we stowed in the rumble seat of my Ford coupe during the day. About
11 or 12, after work, at night we'd drive out in the countryside, find an
empty field and unroll our bed. On good nights we'd throw back the
tarpaulin on top and crawl into the blankets at the level that gave us our
desired warmth using the cther blankets as our mattress. On rainy nights
we'd pull up the tarp over our heads and sleep warm and dry. Normally we
got up 6 to 6:30, went to the diner and had breakfast, and got to the lab
no later than 7:30.

One night we worked later than usual and were very tired so we laid
our tarp-bed on the campus near the Physics Department and went to sleep.
We believed our usual wakeup would have us long gone before any campus
life would begin. We overslept and woke up to find one of the campus cops,
our friend, standing over us. The campus was alive with people moving
about. Vine and I, in our underwear, fought to get dressed in our cocoon.
The cop stood by watching us and laughing at our contortions.

Pacific Cruise??

In the spring or early summer of 1933 Dr. Ewing was approached by a
Professor of the University of Virginia about making a year-long cruise in
the Pacific Ocean. He and his students would be making biological
measurements and samples and we were to make seilsmic refraction
measurements, ocean bottom photographs, and ocean bottom gravity
measurements using pendulums. The cruise was to leave in September on a
300 ft. Coast Guard Cutter. As I remember, it was named the Alexander
Hamilton. We had the camera, just needing a pressure case for deep
deployment, the free floating seismographs, and a set of Gulf pendulums,
We believed we could make a pressure case for the pendulums once we were
at sea as well as a means to cause it to operate on reaching bottom. Dr.
Ewing agreed that he, Al Vine and I would go and do the geophysics
program.

We still made our two week cruise on Atlantis, which we were
allotted, figuring we could get the gear to operate better. The bombs did
work, but our oscillographs failed to operate even though they would
operate perfectly in the laboratory on Atlantis just before a lowering and
just afterwards. We were frustrated but had to get on with getting ready
for our Pacific cruise. A freight car was obtained in Washington, D.C. to
carry all of the expedition gear to the West Coast where we were to board
the ship. In early September I was sent to Washington, with Floosey Belle
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fully loaded with most of cur gear to be loaded on the freight car. It was
raining and the window on the driver's side was broken so it could not
close. The result, I was getting wet continuously throughout the drive to
Washington. I got there and loaded all of the gear on the freight car and
started back to Bethlehem. It was about 6 p.m. by that time. I was
starting to shiver since I was continually getting wet. On top of that,
with no load in Floosey Belle, when I hit a large bump, and the roads had
plenty of them then, a shock absorber on the back would overturn and lock
up. If you continued to drive, the shock absorber would break, and we had
no money for repairs. Each time this happened I'd have to get out in the
rain, jack up the back of the car, return the shock absorber to its proper
position and then lower the jack. Of course it was getting colder and
colder as the night progressed. I had to do this operation about four
times on the five hour trip back to Bethlehem.

When I arrived, I was shaking uncontrollably. I quickly changed into
dry clothes, took a 188 cc drink of 18@ proof laboratory atcohol, unrolled
our tarp-bed on the lab floor and crawled into the middle of all the
blankets. I continued to shake and shiver for over an hour. I recovered
and had no serious effects from the experience, although it must have been
the first stage of hypothermia.

About a week later we were informed that President Roosevelt who had
wanted the trip to be made, had canceled it ostensibly because of the need
for the Hamilton in the Atlantic with the war under way in Europe. After
Pearl Harbor, we often joked that the trip was planned so the Japanese
would have subjects on which to commit atrocities. In all likelihood, it
was planned as a iegitimate means for surveillance in the Pacific.

Back to Normal?

Ed (Whitey) Uhl and Bill Pohlman two other students in my
Engineering Physics class had attended ROTC summer camp. The three of us
had become close pals and I persuaded them to join us in the lab between
the end of their camp and the beginning of the new semester. Since none of
us had much money, we found a room in the attic of the Physics building
which had g bench, a table and some chairs in it and fitted with gas
fittings. We got o couple of Bunsen burners and had our lunches and
dinners there, We had no refrigerator so one of us would go to @
delicatessen and get some rolls and cold cuts or cheese and some milk and
have sandwiches for lunch. For dinner we got some meat, a couple of
potatoes and a can of vegetables. Sometimes Webster and Vine would eat
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with us and on rare occasions even Dr. Ewing. We then found out that Dr.
Ewing and Crary used to eat there in previous years, but not as reguilarly
as we did.

When our trip was canceled and the fall term approached, Uhl,
Pohlman and I rented an apartment across town and cooked all our own
meals, cleaned our apartment and studied together. This was our last year
before graduation. About once a week Dr. Ewing, Vine and I would go to a
public park and grill steaks, pork chops, or lamb chops and sit around the
camp fire awhile. The park had fireplaces and always had wood available,

Just before Thanksgiving the apartment owners notified all of the
tenants that they would have to relocate since they were going to renovate
the apartment building. We quickly located another apartment that a
householder had made in the upstairs of their house. We got Vine, Webster
and Hersey to help us with the move and we arranged to moke it on
Thanksgiving day. We bought a fifteen pound turkey, stuffed it with a four
pound meat loaf and had 1t cooked in the ovens of a bread company a few
blocks away. We cooked about a peck of potatoes and about four packages of
frozen peas and a large pot of onions on the stove in our new apartment.
We bought two pumpkin pies from the bread company. We got all the
furniture moved and in place in our new (7) apartment by about 3 p.m. The
six of us sat down at our kitchen table extended by two card tables and
ate everything that had been cooked for our Thanksgiving dinner. There
were no leftovers.

When groduation came in June 1940, Uhl and Pohlman who had stayed
1h the advanced ROTC program accepted their Second Lieutenant appointments
and became officers in the U.S. Army. Hersey and Vine joined me and we
reserved the apartment for the fall term as I had received a tuition
scholarship from Lehigh U. and was accepted as a graduate student.
However, this never happened as you will see in the succeeding pages.

One humorous event that occurred in the summer of 194@ happened as
follows. We had a cylinder which we could put in the presses the Civil
Engineers maintained in Fritz Lab. I was running a pressure test on some
new device there, while Vine was running another pressure test in the
naval shell in our laboratory, Ed Douglas, a former student of Dr,
Ewing's, then an engineer at Johns Mannville, was visiting and assisting
Vine. Vine came over to Fritz Lab and asked me if I had any ideas, because
the head was jammed on the naval shell-pressure vessel. I had used it most
and had had the most experience. With great bravado, I told him that I
could open the vessel all by myself. When we got to our lab I found they
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had an 8 ft. lever of 2" X 2" steel on the head of the pressure vessel,
attached to a six fold block and fall and had attempted to pull the rope
on the block and fall through the window attached to Floosey Belle. I had
them disconnect their Rube Goldberg rig, reversed the lever on the head of
the pressure vessel, leaned against 1t and opened the pressure vessel.
They had forgotten the threads on the pressure vessel were left handed to
prevent the plug from unscrewing when the shell was fired from a gun
barrel which imparted a right-handed rotation to the shell. Needless to
say, I never let either Vine or Douglas forget this incident for many
years.

We went to Woods Hole in early July since we had been allotted space
on Atlantis in the last two weeks in July to continue our efforts to make
selsmic measurements on the bottom of the deep sea. Again on the four
attempts to use the free-floating gear we did not achieve successful
results. We were able to recover all of our eguipment showing that the
technique for placing the gear on bottom and recovering it worked
successfully. The bombs fired properly, but the oscillographs failed to
pull the photographic paper through. We were discouraged, but determined
to persevere until we succeeded.

Columbus Iselin, the new director of the Woods Hole Oceanographic
Institution, took pity on us and gave us an additional opportunity to go
to sea on Atlantis for the last week of August and the first week of
September. We jumped at the chance. On that cruise, again we were not
successful until the last lowering when one oscillograph pulled the photo
paper through and we got one record of the four shots. This happened
because of a mistake that I made. It was my job to test each oscillograph
for proper operation just before the start of the deployment. In each case
I used a used set of batteries that we had for some time for these tests.
After each successful test I removed the batteries and put brand new cnes
1n each instrument. The mistake I made, was that I forgot to change
batteries in one instrument, and that one worked!

The new replacement batteries were Burgess, while my batteries for
testing were Eveready. We finally concluded that the Burgess batteries
could not deliver as much current as Eveready batteries at the near 0. C
temperature at the ocean floor. Tests soon proved that although both kinds
could provide ample current at surface temperatures, the Burgess batteries
could only provide a lesser current at @° C. Thus a mistake provided a
solution to g major problem for us!

On our return to shore, we now knew how to proceed to get more
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positive results in the future, Unfortunately, our available time gt sea
was gone for that year. Next door to the WHOI was o service station,
garage. It had been set up in the will of a benefactor as a means of
providing for a faithful chauffeur that had served him for a number of
years. As a part of the garage a machine shop containing a 1@’ foot
LeBlond Lathe, a large Milwaukee Miller, and large size drill press had
been provided. The garage hardly ever used any of these machines in the
approximately five or more years of i1ts existence. The water level had
risen about twelve feet in Woods Hole during the 1938 hurricane and these
machines had stoed 1n about three feet of seawater for a number of hours.
Nothing had been done to protect these machines after the water level
returned to more normal levels and the residual salt in the machines had
caused severe rusting of the mechanisms.

Vine became aware of this history and offered the owner several
hundred dollars for these machines. His offer was accepted. We had wanted
to get a number of our own machines as those i1n the staff shop at Lehigh
U. were 1nadeguate for some of our work and 1t took so long to woit for
the professional machinist to get to our jobs ond to accomplish them. This
was, of course, because our jobs had to wait until our turn came up for
all the jobs in the Physics Department, and because the machinist only
worked eight hours a day five doys a week while we could work twelve or
more hours a day seven days a week to get our jobs done. Vine of course
had to persuade Or. Ewing that this expenditure would save money for the
project and get the work done more quickly, which he did.

On our return from sea, Vine and I removed all of the delicate ports
of these machines, such as gear boxes and lead screws and packed them into
Floosey Belle to transport them back to Lehigh. When Floosey Belle was
loaded, her springs were depressed so that the rubber bumpers rested on
the axle housing. I guess I should say overloaded. As the lead screw for
the 10’ LeBlond lathe was ploced on top extending into the front passenger
segt, Vine said there that's done and slammed the back door. There was a
tinkle of glass and about 1" of the lead screw stuck ocut through g small
hole in the "shatterproof' glass.

Vine arranged for a dump truck to load the major parts of these
machine tools and start for Lehigh. Meanwhile Vine and I drove Floosey
Belle and our load carefully to Lehigh. I say carefully, but I probably
should say super carefully. Floosey Belle was so overloaded if we hit a
bump at any speed, we could expect the axle's housing housing to breck and
we would be stranded. So, we had to drive slowly, coming to almost a
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complete stop to negotiate any bumps in the rcads. The roacds at that time,
having suffered through the depression toc, had an extremely large supply
of bumps for us to negotiate.

194@ and Worid War 2

Ewing stayed on in Woods Hole as he had business to conduct with
Columbus Iselin. He kept my Ford roadster, which he was to use when he
returned to Lehigh later. The dump truck arrived at Lehigh about a day
after we did and we had the machines placed in our laboratory. They nearly
completely filled our lab leaving only a small amount of room to get
around them. Vine and I set to work taking all of the lower part of the
machines apart, cleaning all of the rust off all the parts, oiling and
greasing them and reassembling them. We had nearly completed this work
about a week later when Vine received a call from Dr. Ewing telling us
that there was going to be a program of research instituted for the
looming war effort and that WHOI was going to participate. He had obtained
a leave of absence from Lehigh University and he was planning to stay at
WHOI and participate since he felt that the U.S. would inevitably be
involved 1n the War. He further stated that Columbus Iselin assured him
that Vine and I could participate if we wished.

We discussed this proposal gt length. Vine had essentially finished
his course work for his Ph.D. and had planned to sit for his orals in the
coming school year. I had the tuition scholarship and acceptance in
graduate school at Lehigh starting in about a week. We decided that we
would join Ewing at WHOI. Vine called him and told him of our decision,
and he told us to pack up all our eguipment and return to WHOI at once. We
fintshed putting the machine tools together in another day and hired g
dump truck to take them and the other bulky items from our lab to WHOI.

The smaller and more delicate items and our personal belongings, we
packed in Floosey Belle. This took another two days. We worried that we
would have trouble getting our shell pressure vessel out of the floor
since we had cemented 1t in. We placed a tripod over it and with a chain
fall hotsted it. Because we had coated it with tar to prevent corrosion,
we had no trouble lifting it, the tar actually acting as a lubricant. When
we had 1t above the level of the floor, we covered the hole with a pilece
of 2” by 10” wood and started lowering. Then we got into trouble. As the
shell started to lay on its side, a horizontal force was applied to our
tripod. We hadn't planned on that. If we continued to lower, the shell
and tripod would crash to the floor. We solved that problem by adding some
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ropes from the top of the tripod to some of the plumbing nearby to hold
the top of the triped. Then we started to lower again. As we were at the
most crucial point, when we did not know whether we would have a disaster
or not, Professor Balley came in and asked Vine 1f he had seen the
wastebasket 1n the student laboratory, since he could not find 1t. We
stopped 1n this precarious position long enough for Vine to convince Prof
Bailey he had not seen the wastebasket and didn’'t know where 1t was. After
he teft, we looked ot each other, laughed, and returned to our delicate
task. Fortunately everything held together and we finally got the shell on
1ts side on the floor. We didn't even rip out the plumbing which would
have caused a flood.

The shell was loaded on the dump truck with the machine tcols. While
we were packing Vine was called to President Williams office. He was told
that any items in our equipment owned by Lehigh University would have to
be left behind. This did not make any sense, since with no one having any
interest in them but us, they would only be dissipated and lost. Vine
tried to argue this to President Williams. He was told that Lehigh
University did not loan equipment to eleomosynary institutions as WHOI,
the Boy Scouts, Girl Scouts or the U.S. Government. We unloaded all of the
specialized equipment for our work belonging to Lehigh University and left
1t all in the Lab. We still felt thot we would have kept it intact through
the war years.,

Hersey became a grad student after we left and he never found any of
the equipment we left behind, and we never saw any of it again. As we
approached Woods Hole, traveling through Cape Cod, Vine and I talked about
the future and what 1t might hold for us. We looked at the flat land, the
stunted trees and the brush and felt we would find the change from the
mountains and valleys and tall trees of Pennsylvania wasn’t altogether
advantageous.

When the dump truck arrived with our equipment at WHOI we had the
machine tools moved into a basement room of the only building at the
Oceanographic as we were soon to call it. It was of course ironic that
these tools had made the trip to Lehigh University and back to be moved
just next door to their original location. Thus the first machine shop at
the Woods Hole Oceanographic Institution (WHOI) was established.

Ewing and Columbus spent the first week or two looking over data of
sound transmissions which had been made between the U.S. Semmes (a
destroyer) and various vessels in the southern North Atlantic, Caribbean
and the Pacific Ocean. Temperature and salinity data had also been
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acquired to a hundred or more feet of depth. They became convinced that
the results showed that the refraction effects of the variations within
the water column would explain the disparite results. . So it was decided
to develop the physics of the sounds transmitted nearly horizontally near
the surface of the ocean and the oceanography that caused the variation
within the water column. It was thought these would be an important guide
to the use of echo ranging in submarine detection.

By the time this discussion was made, Vine and I had set up the
machines in the basement shop and made them operational. Ewing's and
Iselin's study had convinced them that the temperature effects in the
ocean near the surface was the major factor of concern. In the previous
couple of years Athelston Spilhaus had designed an instrument he had
called a bathythermograph to make a measurement of temperature and take
water samples which could be analyzed for salinity at various depths. This
instrument was lowered on a wire rope to a prescribed depth where it would
be held until the temperature mechanism had equilibrated and a sampler
attached had taken a water sample. It was then lowered and the
measurements and samples were taken at eight or ten depth stations. It
was decided that to be useful to the U,S. Navy, the salinity measurement
could be dispensed with in most cases and temperature depth measurements
wolld need to be made from ships under way. Vine and Ewing worked on
redesigning the bathythermograph (BT) to have sufficient speed of response
to accurately megsure the temperature as the instrument was in free fall
to a depth of 108 fins (600 ft). The instrument was also required to have
Q pressure measuring element to record the depth.

Part of the time Ewing and Iselin worked on the text of a report on
the oceanographic effects and the physics of sound transmission in the top
100 fms. of the Ocean. I was set to work to locate, in the literature,
all the temperature depth and salinity measurement, that had been made in
all of the ocean by the various cruises of the oceanographic expeditions
that had been made by such ships as Fram, Discovery, Meteor and a number
of others. These data would be used to try to establish the Atlantic-wide
variability of the surficial layers. By mid October I had found all of the
data that there was in Iselin’s personal library and the library shared by
WHOI and the Marine Biological Laboratery which was across the street.
Ewing and Iselin had by then laid out the format of the paper and divided
the work of 1ts production according to their expertise. Iselin was
working on the text of the oceanographic portion and Ewing was working on
the text of the physics of the sound transmission.
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I was then set to work to make the computations for the figures to
agccompany Ewing's portion, For instance for one figure I had to calculate
3000 points of sound velocity for a range of temperature from 32° F to 85°
F and ¢ range of salinities for a range of 32 to 37 parts per thousand.
Cne evening, after supper, (about 7 p.m.) I sat down to plot the points I
had calculated on my Marchand desk calculator. Ewing came by and saw what
1 was dolng and sat down to read the points to me while I did the
plotting. We worked on 1t all night and finally finished the plotting
about 6 a.m. the next morning. As we finished Ewing turned to me and said
"Joe, 1f you had not finished plotting these points by yourself by
midnight, I would have given you hell for taking so long”. There was a
similar graph for water density to plot and g number of other figures.

Then I was set to calculate the ray paths for the sound for the
water conditions of each of the sound transmission runs (with the sound
tntensity measurements) of all of the various Semmes transmission
experiments. I also had to plot the ray paths for all of the examples that
Ewing had used 1n his text. There were 27 figures in all with about four
of them requiring such extensive work as described above. At this time
we'd usually get to work about 8 a.m. and work until 18 or 12 p.m. with an
hour off for lunch and an hour for dinner. There were na restaurants open
in Woods Hole then, so we had to prepare our meals ourselves in Al
Woodcock's house which he made available for us. He was @ bachelor and had
a six room house. At that time he was spending a lot of time at sea so we
often had the house to ourselves.

As the fall turned chilly I decided that I had better drain the
radiator of my 1936 Ford, thoroughly cleanse 1t with radiator cleaner and
refill it with Prestone for the winter. Thinking to be helpful, I asked
Or. Ewing if he wanted me to winterize Floosey Belle for him since it
would not be much additional work doing two at once. I also knew that he
would probably let it go to the last minute otherwise. He gratefully
agreed.

I spent about two hours on a Saturday afternoon doing the deed. On
the following Monday Dr. Ewing had trouble with his car. There had been a
blinding flash of light when he started it and then nothing. It was
completely dead. He called the garage and had them tow it away to fix it.
He told me that I had ruined his car. I declared that draining and
cleaning the radiator and filling with antifreeze had nothing whatever to
do with the electrical system. Nevertheless, he still claimed it was my
fault.
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When he got the car back he was told that one of the brushes 1n the
generator had gotten totally used up and the brush holder pushed by the
spring shorted to the commutator and completely wrecking the generator and
burning through one of the 1gnition wires. The generator and the wire had
to be replaced. Ewing still insisted 1t was my fault. Knowing thet 1t wias
his own fault because he never gave his cars any maintenance, driving them
until they failed and then having the minimum repairs made, I made up my
mind that I would never again work on Dr. Ewing's car. Only once, thirty
one years later, was that vow broken. FEwing had to catch a plane in
fifteen minutes in Galveston, there was serious trouble with his car
lights, and his wife had to make a trip that night. I fixed them enough to
help her out and told her to get it properly fixed the next day.

Ewing & Vine would work on the design of the BT o few hours, then
Ewing would check on my progress and work on the physics text a few hours,
usuatly generating additional figures for me to calculate and plot, while
Allyn was drawing the design of the part of the BT he and Ewing had
planned. At least daily Ewing and Iselin got together and discussed their
progress and any 1deas elther had had that might be included in the
other's manuscript.

By the end of October I started to make fair coples of all the
figures I had plotted suitable for reproduction and the text was being
typed by Iselin’s secretary. Ewing and I preofread all of the text and
figures for the section we had worked on and Iselin proofread his section.

About the beginning of November Vine and Ewing had finished the
design of the BT and acquirad the commerciglly produced parts needed to
make the first ten instruments and I was set to work in the machine shop
to construct them. Vine showed me how to lay out the parts accurately and
supervised my work as I progressed. By mid December we completed the first
ten instruments and Vine and I put our heads together to build a winch
suitable to lower them. We decided to use a constant speed 118V D.C.
motor, since ships at that time normally had such power sources available.
On the shaft of the motor we built a V belt pulley that was split so that
one side could spread apart from the other allowing the V belt to slide
directly on the shaft of the motor. The Vhelt drove a winch drum which
contained 1000@ ft. of 3/32" stainless steel gircraft cable. We had to work
tong hours to complete our winch before the New Year because I was slated
to ge on a cruise to Georges Banks on Atlantis to test out the BT's.

The crulse to Georges Bonks was for g biological sampling mission
with Dean Bumpus in charge. The two operations worked smoothly together as
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I needed to make observations while the ship was under way, and the
biological program required the ship to stop for a couple of hours on
prescribed stations. Although Bumpus was sentor to me, I was made chief
scientist, ot age 21, because our work had priority.

On January 1, 1941 the N.D.R.C. (Notional Defense Research
Committee) was established and WHOI received the first (war) contract of
Division & (underwater sound). The manual, Sound Transmission in Sea
Water, haod been completed and the first coples delivered before then. The
first ten BT's had been completed and a prototype BT winch had been
completed before we had a contract. Neither Ewing, Vine or I had received
any pay since September and we shared what money we had to buy food until
our money ran out. We had not been able to pay Woodcock the rent on his
house we had agreed on since October. Columbus Iselin managed to get a
grant of $1,820 in November to help us out until there was an N.D.R.C. At
the end of January we received our first pay from our N.D.R.C. contract.
Mine was to be $1,502 per vear.

At the end of January, on receipt of his first salary check, Allyn
called Adelaide and proposed marriage. She accepted and soon joined our
group at WHOI.

It is interesting to note that Scund Channel transmission of sound
was described in the manual called "Sound Transmission in Sea Water” and
became o very important project itself later in the war. This will be
described later as I played a part in thot project. It is also interesting
that this manual, written before there was an N.D.R.C. and distributed as
the first act of this first contract of Division 6 (Underwater Sound) of
N.D.R.C., became the U.S. Navy's Underwater Sound Manual until finally
superseded fifteen or twenty years after the conclusion of WWII.

On the cruise to Georges Banks I made g large number of BT lowerings
while the ship was underway at full speed , 7 knots. On my second lowering
I lost the BT, the only one I ever lost in the thousands of BT lowerings I
made during WNII. It happened this way. I had lowered the BT once. When I
recovered it, it was hanging about 3 feet below the outboard block
(nautical for pulley). I released the hackstay so I could rotate the boom
forward to the rail where I could reach the BT. Because the winch was
mounted forward of the boom, as the boom moved forward the BT was lowered
somewhat more. When 1t was by the rail, the BT was about 6 ft. below the
boom and out of reach, I brought in about 3 ft. more wire rope and
recovered the BT. On the second lowering I put over the BT at the rail and
returned the boom to its outboard position. Since I had forgotten the
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change in the wire rope length, by this maneuver the BT wire jommed in the
outboard block. Before I could secure the backstay and reach the winch,
the wire rope fatigued from the BT swinging back and forth due to the
ship's rolling and pitching and the BT went to the bottom for keeps. From
that unplanned experiment we learned to fasten the base of the boom just
above the winch,a 11ttle higher than the rail, and the stays to the rail
fore and aft. With this arrangement these attachments acted as a hinge and
the boom could be raised until the boom could be swung to the raill and
the BT could be recovered.

Our BT winch also had some lessons to give us. With the motor
running, even with the V belt pulley pulled apart, when paying out the
wire rope the V belt didn't slip well on the motor shaft that was rotating
in the opposite direction. As a consequence there was a braking action on
the paying out of the wire rope, slowing down the free fall of the BT 1in
the water. Faced with this problem, I realized that the motor shaoft was
steel and the V belt was rubberized. The outboard bearing on some ships
were steel rotating in wet rubber making a low friction bearing called a
Cutlass Bearing. So on each lowering I would dip up a pail of seawater and
douse the motor shaft and V belt in seawater to make it slip better.
Captain MacMurray, the ship's Captain said this was the funniest thing he
had seen ¢ scientist do vet, 1.e. throw a bucket of seawater over the
winch befcore each use. It worked though. Soon after our return from the
cruise we placed a ball bearing on the motor shaft so that when the
Vpulley was separated the belt was running on a fairly frictionless ball
bearing. This design lasted a couple of years until a cheaper design for a
suttable clutch was developed.

The winch was operated by turning on the electric motor, by moving
the operating lever to its center position the wire rope poid out freely,
When sufficient time for the BT to reach the desired depth was reached,
the lever was pulled forward which braked the winch drum stopping the wire
pay out. By quickly moving the operating lever gll the way away the clutch
was opercted and the wire rope and the BT were recovered. This winch was
used for other instruments in WWII such as an underway bottom sampler, and
tc lower underwater cameras. BT's were lowered from ships making 20 knots
to depths of 100 fms (600 ft.) with wire ropes of no more than 1609 ft. in
length throughout WKII and for about 15 years afterwards.

At the completion of this first ¢ruise using a BT I spent about @
week reading the temperature depth points off the smoked slide record made
11 the BY. These were compared to temperatures read from water bottles

46



(Nausea bottles) some of which were observed at biological stations by
Bumpus. Columbus was satisfied with the accuracy of the BT measurements.

Since each BT could not be readily made absolutely identical, 1t
was necessary to build o calibration chamber to produce a temperature
depth template, for each BT, on which to insert the BT slide to read off
the pertinent data. I was set to work to build this chamber. It consisted
of a cylinder about six inches in diameter enclosed by another cylinder
about 1@ inches in diameter. Water of uniform temperature was circulated
in the annulus thus constructed. A small propeller in the central chamber
driven by an external motor assured the water surrounding the BT was well
mixed. A standard thermometer inserted in a well on the top cover was used
to determine the temperature of the contents of the inner cylinder. To
change the pressure of the inner cylinder, oil was pumped from a hand
hydraulic pump into a small cylinder used as ¢ separator. From the top of
the separator a copper tube allowed water to flow into the calibration
chamber as the pressure was raised. A pressure gauge in the line allowed
the pressure to be determined.

The chamber was operated by introducing a BT into the chamber and
closing the top. When the temperature stabilized the pressure was
increased to that of seawater at 602 ft. and then reduced back to 2. Then
another temperature would be established in the outer chamber by
introducing warm or cold waoter from a nearby sink and the process repeated
a number of times. Thase temperature points were established on one axis
of the slide, the pressure points on @ second axis, at right angles. We
soon determined that the pressure scale was iinear so that it was only
necessary to record the ¥ and maximun pressure at each temperature to
calibrate the depth scale. The temperature was slightly non linear so that
each instrument had to have a number of temperature points observed. With
this data a temperature and depth grid was drawn, photographed and glued
into a slide holder that was a duplicate of the one in the BT. A
magnifying glass was mounted so that the BT slide could be superimposed on
the calibrotion grid and the temperature ond depth established for each BT
lowering,

When I first started BT calibrations with this equipment, we found
the lines that were supposed to be isothermal were not duplicated between
increasing the pressure and decreasing the pressure. Since this did not
make sense I tried everything I could think of to determine the cause.
Finally I turned to Dr. Ewing for help and for a week we tried everything
and could not discover the cause, Dr. Fwing was convinced that I was too
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impatient and did not wait enough time for the temperature to equilibrate.
I was sure that the temperature was eguilibrated. As the week went on the
debate and discussion became more gng more acrimonicus

Finally I watlted an hour after each temperature change for the
temperature to equilibrate. Still the problem remained. Late one night, in
despair I was just sitting and looking at the apparatus when it dawned on
me what was causing the problem. When we were increasing the pressure, we
were pumping water, at room tempeérature in the separater, into the
pressure vessel which would cause g small change in the temperature. When
lowering the pressure we removed liquid from the pressure chamber thus not
disturbing the temperature. Once the cause of the problem was established
the solution was simple. We raised the pressure while changing the
temperature of the chamber. When the tempergture equilibrated we would
lower the pressure establishing the 1sotherm and repeat the process. We
soon established that the tempercture equilibrated in the chamber five
minutes after the changed temperature was reached, and the calibration of
an instrument required only a half to three quarters of an hour.
Additional people were being added to the staff and shop people were soon
building BT's. One of them took the calibration of the BT's and I was
moved to other work,

In this period Vine ordered large quantities of materials needed to
build BT's, office supplies, graph paper in sheets and rolls, and many
other things that were needed to carry out our work and to expand it into
other areas. It was a time when lots of tasks were allocated and we got o
large share. The result was that we started to receive shipments nearly
every day. Vire and I enjoyed opening these deliveries and allocating
things appropriately. It was sort of like having Christmas every day after
the years of making do with what we had, if possible, and only buying
supplies that were absolutely essential.

We recelved cne shipment of a dozen bottles of Harlem 0il. Netither
Vine nor I knew what it was, what it was used for or who ordered it. We
put it aside assuming someone would start gsking about it before long.
Shortly afterwards Atlantis came in and docked. When Capt. MacMurray came
0y, Vine asked him 1f he had ordered Harlem Qil. He said yes. Vine then
asked him what 1t was used for. Capt. MacMuray said "Saving lives", took
hls carton and ieft.

Later in the day Capt. MacMurray stopped by and explained it was
stored in the lifeboat so that 1f survivors had to leave the ship in the
tifeboat they could coat themselwves 1n “Harlem 011" and prevent serious
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problems from sunburn. Thus our education was enhanced.

In early March A.P. Crary was persuaded to come to Woods Hole to
join us 1n the "war research". He had been a graduate student of Dr. Ewing
at Lehigh, leaving with a Moster’s Degree in 1935. He and Dr. Ewing had
had some wonderful adventures which "Doc” loved to tell about, often with
a few embellishments. For instance, on the first refraction measurements
at sea, on the continental shelf off the east coast, Crary was sent out 1ir
the whaleboat to fire dynamite charges for sound sources. The Captain was
concerned that Crary, who had never gone to sea before, would become so
seasick that 1t would be dangerous for him to handle explosives. After the
first day when they returned to the Atlantis, the two satlors operating
the whaleboat were just barely able to do their job while Crary was fine,
and chewing a wad of tobacco when they were picked up.

Another time, after working on the equipment for several days
without sleep, they started for Norfolk, Virginia, each driving a car.
Crary carrying the dynamite was in the lead. He got into a smail accident
ond was stopped on the side of the road. When Ewing came atong he saw the
accident, but being sleepy he drove on. About five miles later 1t occurred
to him that 1t looked like Crary’s car in the accident. He turned around
and went back and talked Crary free and they went on to Virginia and
refraction measurements on the land end of one of the continental shelf
refraction lines.

On ancther occasion, they were working on land in Virginiag on a
very hot day. Crary returned to the recording truck where Ewing was
developing the film of the shot which had just been fired. Hot and tired
Crary hoisted the gallon jug that contained the hypo, saying I just can't
wart for a drink, Ewing said he was just about to tell him to hold 1t when
he took his first mouthful. Crary said Ewing just sat there and watched
him. Anyway, Crary blew the acid hypo out of his mouth ds an explosive
jet.

The instruments they were using on the early trials of seismic
refraction measurements on the continental shelf were not too sensitive.
Captain MacMurray of Atlantis had ruled that no more than two sticks of
dynamite (1 1b) could be fired at g time from the whaleboat. Ewing decided
that a larger charge was needed so when the whaleboat came within hailing
distance the next time he leaned over the rail of Atlantis and shouted
"two more sticks". At the same time he made motions of his hands outside
the rail holding out all ten fingers. Crary got the message and fired ten
sticks, with no harm to the whaleboat and good results on Ewing's
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recording gear.

On another occasion, a steam shovel had been lost in a coal mine
when the explosive charge dislodged more coat than expected and the stean
shovel was completely buried. The quarry awned only the one steam shovel
and had ho idea where 1t was buried and wanted {o remove the least coal
possible by hand to recover their equipment. Ewing and Crary had agreed to
try to locate the buried shovel magnetically on a Saturday. Crary had gone
to a formal party on Friday night i1n a tuxedo. Somehow he got involved and
finaglly left the party in time to join Ewing at & A.M. still in his
tuxedo. They went out to the coal mine and ran traverses across the coal
rubble, located the boom of the steam shovel using a dip needie. When the
mners started to dig they found the top of the boom just two feet beneath
the top of the rubble, at that spot. This 1s probably the only time a
member of a geophysical field party worked in a tuxedo.

Crary arrived 1n Woods Hole about 3 P.M. That evening he ate supper
with our group 1n Woodcock's nhouse. He and Doc and I drank until midnight
with Crary and Ewing taking turns recalling interesting adventures. The
next morning, when I cleaned up I counted twenty empty bottles that had
varying amounts of liguor in them before the previous evening. The next
day was a slow day.

A new project was started. Dr. King of Bell Labs had had the 1dea
that using explosive charges as sound sources, reflections from ships
could be detected at greater ranges than the conventional eche ranging
gear in use in 1941, Woods Hele had been chosen to test out this idea,
cooperating with Dr, King. Crary was put in charge of the work at WHOI and
I was assigned to assist him. The usual experiment would be set up using
two yachts, borrowed for the occasion, one as a shooting vessel and the
other as the sound receiving vessel and Atlantis as the reflection target.
Part of the concept was that there would be a single shooting vessel and a
number of receiving vessels to protect convoys of merchant vessels. This
meant that echoes would have to be obtained at a number of different
angles. Hence our experiments would involve having the shooting vessel and
recelving vessel assume a lot of different angles relative to the target.

Dr. King usually brought an electronics expert from Bell Labs with
nim. They would design and build amplifiers that had various
characteristics and bring them along to test alongside our usual
geophysical type amplifiers which we had matched with hydrophones that
could be lowered into the water at varicus depths. Unfortunately, Dr. King
was not a very good satlor and would remain seasick all the time we were

50



carrying out experiments. After four or five days of this, he would
suddenly decide he had to return to Bell tabs, usually before we had
completed any of the experiments planned for that cruise. We would return
to Woods Hole, Dr. King would go back to Bell Labs and we would set up
another set of experiments for about a month later. Crary and I would work
on the records, trying to get as much as possible from the uncompleted
experiments, and readying our eguipment for the next attempt.

In the late spring 1941, Woodcock asked us to make other
arrangements for housing since 1t had become too crowded. Crary, and a
couple of others had moved in and only Vine had moved out. The rectory of
the Methodist Church, a house of about fifteen rooms, was empty as the
single rector had found more suitable lodging for himself. We persuaded
the Church fathers to rent the rectory to Ewing, Worzel, Crary and
McCurdy. This became a boarding house for about fifteen single men at a
time working at WHOI for the duration of the war. The personnel was always
changing as people went to sea or on other assignments and other people
were added to the staff. Meals were served at night, each person in
residence taking a turn at fixing the meal. This lead to some very strange
"concoctions”, Most of the members were drinkers and some merry times
ensued occasionally, not too often though, because everyone wGs very busy.
It soon became known that 1f you wanted a drink, day or night, the rectory
was the place to go. In the early part of the war there were no bars open
1n the winter in Woods Hole. Later on the Rendezvous was opened, across
the street from WHOI, and it took up this duty.

Throughout WWII, about once @ year, the Rectory as it was known,
would hold a party. It would start about 5 P.M. on Fridoy and go on
continuously until about 5 P.M. on Sunday. People would stop in, stay a
while and join the fun, and then would leave only to be replaced by
others. Everyone hated having sea duty when a Rectory party was to be
hetd. Fortunately the Rectory was well separated from the Church and other
neighbors so the noise of these parties disturbed no one. Pecple living at
the Rectory when they became tired would retire to their room, have a
sleep and then rejoin the party. Everybody working at WHOI would stop in
sometime on the weekend. In June Crary went out to sea to test some of the
recording gear, assigning me some work in the lab, After he had been at
sea a couple of days on a Friday afternoon, a telegram was phoned to me 1n
Crary's offtce. It was from his sisters, Maricn and Dorothy saying they
were arriving, to spend a week in Woods Hole with him, on the New Bedford
steamer late on the following Sunday afternoon. Crary was not expected to
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return until the following Tuesday afternoon. I met his sisters at the
steamer dock, brought them to the Rectory. Knowing that they did not have
very much money, I established them in Crary's room 1n the Rectory. When
he returned on Tuesday he arranged a room for them next door for the
remainder of the week. The younger sister, Dorothy and I became quite weil
acquainted in that week., We nit 1t off well. We made a couple of cruises
in the summer. All were inconclusive because Dr. King would decide he had
to return to New York before any of the experiments were completed. We
were becoming frustrated. Towards the end of the summer a cruise was
planned and Dr, Ewing planned to go along. I was to go on the Blue
Dolphin, about a 9@ ft. schooner to do the shooting. The Atlantis was the
target, and Ewing was to be on another ship with o set of recording gear
and Crary on the Asterias aiso with recording gear. Or. King was to be on
the Blue Dolphin. Before departing Ewing and Crary got me astde and told
me, I was not only to do the shooting but to make sure that Dr. King
remained seasick all the time so that he cculd not interfere with the
planned operations. I went across the street and bought a box of cigars.

When we got to sea, whenever Dr. King appeared on deck, I would get
a cigar out, light it and get upwind of Dr. King. In short order, he would
retire to his bunk. After three days Dr. King insisted he had to go back
to New York. S0 I was shifted to the Asterias with all the explosives,
Crary moved on to the ship with Ewing, taking his recording gear with him.
Dr. King went back to Woods Hole on the Blue Dolphin. We stayed out two
weeks and completed a set of experiments for the first time. The
experiments were carried out more than 180 miles offshore where the water
depth exceeded 2000 fms. to avoild any complicating factors from bottom
echoes. This was quite a trip for the 4@ ft. long Asterias. We were
stretching her fuel and food capacity and size. At the end of the
experiment we all returned to Woods Hole independently since we all had
different speed capabilities.

Stan Poole was the Captain of the Asterigs. He had three hands to
help operate the vessel and myself to handle the explosives. This was the
fall of the year, and swordfish season off Cape Cod. Stan had brought his
swordftsh harpoon and despite the fact the Asterias had no pulpit he was
determined to try to get a swordfish on our way in. In the daylight hours,
he and I would stand on the cross trees of the mast about 30 ft. above the
water looking for a swordfish fin while the others manned the helm.
Finaily Stan spotted a swordfish fin and talked the helmsman into its
vicinity. Then he jumped down from the mast and picked up his harpoon and
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moved to the bow of the vessel. From there he guided the helmsman close to
the swordfish. Luckily the fish did not veer off and Stan was able to
harpoon him. Soon the six thread line (rope about 5/16 inch in diameter)
was sizzling over the side as the fish left our vicinity. Stan had a tub
of six thread line. He rushed to the stern and had two hands and myself
help him launch the Dory and then he and I and the tub of line quickly got
into the Dory. As soon as we were safely on the Dory, he started snubbing
the iine. After awhile, he was able to stop the line and the fish towed us
in the Dory awhile. Then he was able to recover some of the line and
warned me to get up on the thwarts (seats) because swordfish had been
known to charge the boat and stick its sword through the bottom. It was to
avold any possible damage to Asterias that we had transferred to the Dory.
After the fish took out more line several times and Stan had recovered it
several times, and we had been towed about some with Asterias following a
couple of hundred feet away, the fish tired and Ston was able to get him
to the surface. He then got the Asterias to come alongside and he got a
line around the fish's toil. We then transferred back to the Asterias. We
turned the boom over the side gnd hoisted the fish on board.

¥hen we returned to Woods Hole, Stan put in to the fish market
(Cahoon's) and sold the fish for a couple of hundred dollars. Although he
had done everything in catching the fish, he insisted in dividing the
money five ways, as he said that was the way all the fishermen did it. I
got together with the other three and we agreed that we had done almost
hothing to help catch the fish and Stan had done everything. We tried to
give him the money, but he would not take it, so we bought him a very
expensive home entertainment center, a standup radio phonograph with the
money we had received and presented it to him. He accepted that. Stan
became a very good fhend of mine and taught me almost all I know of ship
handling, splicing, handling heavy equipment with marginal gear and all
sorts of nautical lore.

On one occasion a 4@ ft. fishing boat had been hired on which I was
deployed to shoot explosives. It was hard to see how the vessel
functioned. Jury rigged repairs had been made to the engine and the
electric wirtng was draped around largely not fastened in place with
spaces of bare wire showing when insulation had departed this earth. The
general appearance of the vessel can only be described as dilapidated. On
our return to Woods Hole, a fog had descended on us. I had had little
small boat experience at the time so I was dependent on the owner and his
helper's skill in navigating us up Vineyard Sound and into Woods Hole
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Harbor. That 1s, until we had to abruptly change course to miss the
channel marker for Woods Hole which was on the Buzzards Bay side!
Apparently, we had lucked through the Broadway Channel before almost
colliding with the main channel marker. We had survived the large boulders
which caused the devil's cauldron with the current running as high as S
knots towards Buzzards Bay at the time of our passage. This unhinged the
owner so he quickly anchored in the embayment where the channel widens out
and turns towards Buzzards Bay. The tide tables indicated we had made this
dangerous passage in the fog at the height of the current from Woods Hole
Harbor and Vineyard Sound into Buzzards Bay. The three of us gathered
around and studied the chart. We were all amazed that we had survived this
dangerous passage. As slack current approached I tried to get the owner to
up anchor and proceed to the WHOI dock. He would have no part of going
through the Woods Hole Channel again in the fog. I argued since we knew
where we were, and that our dock was only about a half mile away, that at
slack water we could make the passage easily. The owner was not having any
of 1t. Finally I argued that when the current turned there was no
assuragnce our anchor would hold and that we risked another passage across
the dangerous rocks and narrow channels at the whim of the reversed
current where we were anchored. The entrance to Buzzards Bay was wide and
the currents never exceeded about 2 knots im that section, so I finally
convinced him to ratse his anchor and move out into Buzzards Bay where
currents could not be expected to exceed about 1/2 knot. He finally agreed
and at slack water we moved into Buzzards Bay and anchored again well
clear of the Woods Hole Channel entrance. We spent the night there, a
little hungry as we had carried only sandwiches for lunch as we expected
to return to WHOI well before dark. When daylight came, the fog had
dissipated and we easily returned to the WHOI dock. We never used that
vessel 1in our work again. In retrospect, this was the poorest vessel and
the poorest equipped vessel I ever went to sea on in my nearly fifty years
of seafaring.

One thing we discovered in this work was the "bubble pulse”. That
s, the recordings did not show a single pulse from an explosion
underwater but several. This puzzled us and we had long discussions about
what was causing the effect. One possibility was that there was not
complete combustion of the explosives and some of the gaseous products
would make an additional explosion. Our instruments showed that sometimes
the second pressure wave seemed to be greater than the first. To test the
"second” explosion hypothesis, I made a pressure chamber about 4" inside
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clothes and went to work on Monday morning, again with no sleep. I slept
well that night!

About a week later I wrote a letter to Dorothy and asked her to
marry me, offering to ask her on bended knee next time I saw her 1if she
chose. She answered that she had thought that was settled and that we only
had to set the date! When I wrote my parents I told them my plans, my
mother tnsisted I invite Dorothy to Staten Island to introduce her to
parents and to buy her an engagement ring. Mother had an arrangement to
buy jewelry from a New York dealer. When we visited this merchant, mother
went along and insisted that T buy a bigger and more expensive ring than
Dorothy and I would have otherwise. At the time it seemed a lot of money,
but neither of us has regretted tt in the intervening years. We set the
date for the wedding as 22 November 1941 at Dorothy's parents’ farm in
Canton, N.Y. The wedding and reception was held in the parlor and dining
room of their Farm House. All of her close relatives were there and my
parents and Doris and Ralph came to support me. Ralph was my best man and
Marion Dorothy's siste was matron of honor, I had been the best man at
Ralph's wedding to my sister, Doris, at Lake Mohawk a couple of years
earlier. Dorothy was matron of honor and I was best man at Marion's
wedding to Wayne Flagg in Woods Hole shortly after the end of WWII.

Before my wedding day Dad Crary took me aside and told me that I
didn't have to go through with it if I wasn't sure. I told him I was sure.
After the reception Dorothy and I got in my car and discovered that Marion
and Albert had decorated my car to make sure everyone knew that we were
newlyweds. They had just paved the road that passed the Crary farm for the
first time just before the wedding and the shoulders were quite soft.
About a mile down the road I pulled off the road to undecorate our car as
we felt the notoriety was undeserved. I nearly got stuck in the soft
shoulder, after clearing the car, but fortunately made it out. Of course,
the car had a good coat of mud by that time. We went to Niagara Falls and
spent a couple of days there. We had always heard of newlyweds going there
on their honeymoon, but neither of us knew anyone that had done so,
therefore we determined we would do it. Later we spent a couple of days
with my parents at their home on Staten Island and then made our way to
our new hoime in Woods Hole. The wedding came close to not happening. Just
beforehand, I was driving through the Adirondack Mountains, on my way to
Canton. I came over the top of a mountain making 7@ MPH, touched my brakes
to slow down to find I didn't have any. I was going too fast to downshift
to slow down so all I could do was steer down the steep slope I was
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descending. It was a one lane road in each direction and I used every inch
of roadway on both sides descending the steep slope. I don't know what
speed the car got up to on that slope, I was too busy trying to steer to
keep on the roadway. Fortunately, no one was coming up the other side so I
could use the full width of both lanes on the curves. When I got stopped
at the bottom I took a deep breath, got out of the car and took a walk to
calm myself. I got the brakes fixed and told no one of my experience until
many years later.

While on our way back to Woods Hole, I got stopped for going too
fast in Providence. The police officer gave me a stiff lecture and asked
me if I thought I should speed since my mother was in the car with me.
Dorothy claims this never happened but that the police officer let me go
since he took pity on my pretty bride that was sitting next to me. In the
intervening fifty four years, we have never been able to agree on the
details of this event.

In early December we set up housekeeping in a house on Glendon Road
that I had rented. We had some pots and pans, some dishes, a kitchen table
and two chairs, an outdoor chaise lounge and a double bed for furnishings
in our two story seven room house. Within a year, Dorothy changed that,
even though tt was still sparsely furnished. On the Sunday, following our
return, I was working in the lab in the middle of the afterncon when
someone came in and told me that the Japanese had bombed Pearl Harbor. I
went into Ewing's office next door where Ewing and Vine were working and
told them. We got a portable radio and listened to the broadcasts of the
news. We discussed the event at length between us and wondered how the
Japanese could have made such a serious mistake. After about an hour, we
decided wed better get back to work that what we were doing had now become
even more important to pursue as fast as we could.

If this had happened about two weeks earlier, we probably would have
postponed the wedding because of the big upheaval in everybody's life. I
often wonder if that had happened, whether we would have married when
things settled down a little. Just before our wedding it was decided that
the explosives echo ranging didn't show much promise so it wus dropped. I
was assigned to a professor of Queens University to investigate methods to
tncrease the range of photography in the ocean. The professor would come
to Woods Hole, outline a number of tests for me to complete and return to
his teaching. On his next visit, he would review the results of my work,
set up another series of tests and leave me to it again.

In the basement of WHOI there were tanks about three feet deep
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lining the walls of the room except for the doorwsy entrance. These had
been used for various biological work in the ten year life of WHOI before
the start of WNII. We first made a port about halfway between the bottom
and the water surface. This was fixed in concrete and was of plate glass
about a foot in diameter. This port had to be cleaned before each day's
use as biological material would start to grow on it. Water was pumped
into the tank from Woods Hole Harbor and circulation of the water from the
harber would be maintained to keep the water from stagnating I had to
make a wooden target with lines of black of various widths and several
geometric shapes on a white background. This target was placed at various
distances from the port and with a camera on a stand just outside the port
pictures would be made. Pictures were taken at various target distances,
using all of the available 35 mm film types including infrared film and
various developing systems to extend the distance at which photos could be
taken in seawater. The transparency of the harbor water varied somewhat so
a controi had to be found.

Someone had been measuring the transparency of seawater as a measure
of biological life in the water and had made a transparency meter. We made
a copy of the instrument to keep track of the guality of the transparency
of the water used in our tests. It consisted of a small tight bulb at one
end, a photo cell a meter away at the other end, with circular diaphragms
along the length which kept almost all the surrounding scattered light
from entering the instrument light path. This work went on for about six
months, but did not keep me occupied full ime. I was also sent to various
harbors between New York and Boston to make Seiche Disk readings during
daylight and transparency meter readings both in daylight ond in dark. The
Seiche Disk was a white disk 2@ cm. in diameter, which was lowered into
the ocean and the depth at which it disappeared from sight was recorded.
These measurements had been made in many of the world's oceans as a
measure of biological life in the near surface waters. It had not yet been
established how the Seiche Disk reading compared to the transparency meter
readings. It was surprising to find the the Setiche Disk reading was very
sensitive. The disappearance would occur in only a few inches of depth
change. The visability range was about 1 ft. in Boston Harbor to 60@ ft.
in the Sargasso Sea, an oceanic desert.

I guess 1t 1s not surprising that we learned that the bigger the
harbor the less the transparency, since all kinds of dumping of wastes
were condoned in all of the harbors of the world at that time. Offshore of
the harbors, beyond the harbor mouth, we found transparencies of about 22
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ft. along the Northeast Coast. This meant we could take photographs at 1@
to 12 ft. 1in these areas. This shorter photo length resulted from the
scattered 11lumination of the water by necessary lights so that pictures
could be taken. This work wus supported because the Bureau of Ordnance
hoped that photography would help to locate mines in mine fields and allow
divers to take pictures to identify details of a mine to make it safer for
divers to disarm them.

Soon after we started, magnetic mines became prevalent and we were
asked to try to locate them with photography. Yine quickly made a multi-
shot non magnetic camera by making all of the parts of brass or aluminum
and using a twisted elastic band for power to wind the camera. I was sent
on the Anton Dohnn to Chesapeake Bay where at Indian Head, Maryland they
had @ marine mine operating unit. I tested and retested the camera on the
trip to the Chesapeake Bay. The night before the first tests were to be
made, we were at anchor near Indian Head. With nothing much to do we all
were playiny poker. At 9 P.M. I excused myself to make a final test of all
the gear tc make sure that all was in readiness. I checked the camera only
to have 1t all fly apart. One of the soldered parts had failed and this
overstressed a number of others so it all came apart. I was dismayed. The
only thing I could do was to get the soldering iron out to resolder all
the parts that had separated this amounted to about 18 parts. Then I had
to completely disassemble the camera so I could reinstall the repaired
pans. By about 1 A.M. I finally got it all put together and tested it and
found 1t worked as well as it had before.

At & A.M. a Navy ship joined us and took us to a field of acoustic
mines, unarmed of course, and set us to work with our camera. We worked
hard all day and found it very discouraging. We had little luck at finding
mines by photography. We could take pictures of mines without activating
the acoustic mechanism, when we were led to a known mine. I felt the
exercise had been a total failure. Nevertheless, we received the best
letter of commendation we received throughout WNII for this work. However,
they decided to use other methods to deal with magnetic mines.

The tests in the water tank did not turn up any way to improve the
distence we could photograph in seawater, although I must have made
hundereds of tests and printed thousands of pictures. It was discouraging.
Nevertheless the Navy felt that there was some use in photographing the
bottom, for divers to toke photographs, and to photograph damage to ships
so that repairs could realistically be planned, before the ship was raised
In dry dock. So we were set to work to make a general purpose underwater
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camera. It was decided that the new camera should be able to take multiple
shots. The only camera motorized to take multiple shots and with a built
in synchronizer was a 35 mm camera known as a Robot manufactured 1in
Germany. Some were available in photo stores in the U.S., probably from
stock obtained before the war.

This camera took a square negative of 24 X 24 mm. It was small and
compact. Any eguipment put in the ocean inevitably leaks. These underwater
cameras were no exception. The Robots cost over $30@ so we could not
afford to lose them. When one got wet because of a pebble under the head
gasket, I quickly put the camera tin freshwater to flush out the saltwater.
Afterwards it was dried thoroughly in an oven. The camera worked for a
while then the wind up spring failed. It was impossible to get all the
saltwater out of 1t, so it rusted and soon broke. I took the spring out,
measured it and bought some spring stock to replace it. Since the original
width had been measured i1n millimeters, 1t could not be duplicated in
English measure, We got the spring manufacturers to "slit" spring material
of the right width. After cutting the length desired, the ends had to be
annealed so that they could be machined to work with the attachments on
the camera. I then had to wind the spring in a suitable coil to fit its
space 1n the camera. It was finally installed and worked properly. I had
to do this once more on our cameras during the war years. Inevitably, the
Navy had similar problems with the 1@ units we had supplied them. They
contacted us and asked how to get them repaired. It was decided that we
could do it for them. Thus, I had to repair four or five Robot cameras for
the Navy. We built a brass case intended to be used in water depths of 100
fms or less. A half inch thick piece of plate glass about 2" in diameter
was used to make a porthole in the side of the cylindrical pressure case,
Two 1ids which included the structure to hold the camera were made. One
that had terminals so the camera could be fired electrically from an
external switch which operated a solenoid. The other which could be
operated mechanically to operate the camera by an external trigger. The
mechanical head could be used with the camera mounted on a pole to be
operated by relieving the strain of a trigger weight, for instance by
touching bottom. Alternately, the camera could be operated by a thumb
mechanism mounted on the camera head. This was planned for the use of
divers. We also made a plate that a diver could hang from around his neck,
with straps around his body to restrain it tightly along his front. A
mounting, including a handgrip on each side, was made to attach the camerag
case to this plate on the divers suit. Both heads had a lead in to bring
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the connection from the synchronized flash terminal on the camera to the
flashbulb which was on a separate structure from the camera. This made 1t
possible to mount the flashbulb on the "pogo stick™ or for a diver to hold
or clamp the flash in g suitable place for 1llumination of the picture.

A "Kodatron", a newly available commercial electronic flash unit was
used for some pictures, but many were made with photoflash bulbs of peanut
or sometimes larger design. We took many pictures of the ocean floor,
useful to people anchoring mines. We were soon called on to see if we
could photograph a German submarine sunk offshore near Morehead City in
North Carolina. There were strong currents due to nearby Cape Lookout in
the area. The Navy had been trying for a month to locate a submarine
salvage vesset over the wreck so they could send divers down to recover
papers from the submarine without success. Their problem was that because
of submarine activity they did not want to keep the vessel at sea at
night. Leaving Morehead City at dawn, travelling to the site, finding the
wreck, anchoring with multiple anchors to locate the vessel over the wreck
took so much time, that they would have to recover the anchors and return
to Morehead City by dark leaving inadequate time for the diving operation.

They hadn't even been able to make sure they were diving on the
submarine, or whether i1t might be some other wreck. When we arrived, a
British ship with echo ranging gear was assigned as our protection. We
arrived at the wreck location near Morehead City at 10 A.M. We had our
British escort move away about a half mile from the wreck, locate it with
their echo location gear and keep the ship's bow aimed at the wreck. We
then positioned the Anton Dohnn about ¢ mile ahead of the escort, lined up
on her masts and moved forward slowly until the wreck showed up on our
echo sounder. We placed a buoy about 100 ft. to one side of the wreck as a
surface mark for us to maneuver near. With our buoy and our compass we
were agble to move around over the wreck. When our sounder indicated we
were over the wreck, we would quickly lower the camera in the "pogo stick”
mode and take a photo. By noon we had about a dozen negatives developed
which positively identified the wreck as a German submarine. We printed
pictures and delivered them to the submarine salvage vessel and returned
to Morehead City. They thanked us and sent us on our way. We later heard
that with our buoy as a guide they had been able to anchor and get divers
down to the wreck. Whether they obtained the papers they wanted or not, we
never found out we had no "need to know"..

With this success the Fifth Naval District, headquartered in New
York, requested us to locate and identify the wrecks sunk off the egst
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coast between Montauk Point and Cape Hatteras. The Germans had sunk so
many vessels, and they had three or four positions marked on the chart for
each sinking, that it had become nearly impossible to sarl vessels 1n the
area inside the 3@ fin. curve. It was too dangerous to send them into the
waters deeper than the 3@ fms curve, because of submarine activity. There
were a number of positions for each wreck because survivors of the wreck
would give g couple of positions, aircraft which had been sent to the area
to help locate survivors, would give a different one, and vessels picking
up survivors might give another one or two. Partially this was the result
of inaccuracy in the navigational methods extant, partially to the
confusion associated from the sinking and attempts to recover survivors.

Since wrecks were tall enough to present a danger to surface ship,
traffic had to be routed to avoid each wreck position. The Sth N.D. felt
that 1f the wrecks could be located and identified, the false positions
could be eliminated, and that a depth drag could ascertain whether
anything on the wreck was tall enough to present a danger. If this could
be achieved, they could again route coastal shipping into the safer areas.
An escort was provided to us and we set to work. From 1942 to 1944
sometimes Ewing and sometimes I was sent as chief scientist and Rusty
Tirey and Jochn Ewing, one or the other or both as photographic assistants.
In that period we were able to photograph and identify 33 wrecks and to
eliminate at least three times that number of “"false postitions™. The
escort vessel made depth drags of those locations we identified and was
alsoc able to remove about half of the existing wrecks as presenting no
danger.

One of the things that amazed us, was that we would lower our
tethered camera to a wreck which usually was a jumble of equipment and
wire ropes in total disarray and only a couple of times find ourselves
entangled in the wreckage. With careful manipulation we always were able
to free ourselves and continue.

In this program two other wreck surveys provided noteworthy
situations. The first was off Manasguan, N.J. A blimp with a new MAD, a
magnetic anomaly detector, was believed to have detected a submarine and
sunk 1t 1in about fifteen fathoms of water. I was sent in Anton Dohnn to
investigate. When we got there we found our escort vessel to protect us
from submarine assault was g Coast Guard motorized open lifebogt, about
4¢ ft. long with a Chief with a pistol as its sole armament. While we
searched for and photographed the wreck, they would anchor nearby and so
far as we could tell, all on board would go to sleep. We obtained only
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photographs of o carge vessel in total disarray and with so much marine
growth that 1t had to have been sunk more than ten years earlier. We could
not find any other wreck in the vicinity.

That night I went 1nto a local bar and found out from local
fishermen that they had been fishing near that "wreck reef’ for years and
that 1t was the wreck of the Mohawk which had been 1n a colitsion in the
early thirties and had sunk there. I sent the Anton Dohnn back to Woods
Hole and 1 went overland to New York City and found the newspaper accounts
of the wreck of the Mcohawk, which included a position very close to where
we had found the wreck os the place where 1t had sunk. We reported this
and 1'm sure the people on the blimp and the people who developed the MAD
were not happy with the result.

The second case resulted from a phone call on a Saturday afternoon.
Most of the vessels' crews and staff had already left for the weekend. The
call was taken by Ewing and relayed to Iselin, at home on Martha's
Vineyard. It seems the General Green, a Coast Guard cutter, had detected a
"submarine” and depth charged it near Nantucket Shoals. They wanted us to
come photograph and 1dentify t1t. It was decided that we would do 1t. We
found the Captain and Chief Engineer of the Anton Dohnn, who agreed to
come immediately. The first mate, cook, and crew could not be found. Ewing
decided that he, and John Ewing and' Rusy Tirey and I could substitute for
the missing crew and do the photographic work too. Doc became the interim
cook, I became the interim first mate and John and Rusty became interim
crew. We took off about 3 P.M. from Woods Hole. We arrived near the
General Green early Sunday morning. Dr. Ewing went aboard the Ceneral
Green and learned about the situation and indoctrinated them on our mode
of working, On his return, we maneuvered over the "wreck” and took
plctures.

They showed a wreck which had been sunk a long time that we
1dentitied as the wreck of the Nantucket Shoals Lightship which had been
sunk 1n the early thirties. It seems a trans Atlantic steamer being guided
by the underwater bell (lightships had underwater bells as sound sources
to help ships when fog conditions prevented their light to serve) had
sliced the Lightship in half sinking 1t. The people on General Green were
not happy with this result and decided to drop their remaining ten depth
charges on 1t to make sure, that if it were reaglly a German sub it would
never sail again. These were added to the 40 depth charges they had
previously showered on the wreck. This last salvo, knocked out their
magnetic compass, Joining the non functioning gyrocompass that previous
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depth charging had knocked out. Without any functioning compass, they
radiced us and asked if we would ltead them back to Woods Hole. Their base
was in Little Harbor in Woods Hole. We of course ogreed, and set off
Sunday night for Wocds Hole.

Eddie Atheam, our Captain, had sailed with us despite having a bad
case of the flu. He decided, that he couldn't manage any longer and turned
over the Captain's chores to me. I had been satiling with him for a number
of months and I guess he figured I had learned enough to serve. We made 1t
back to Woods Hole late Monday morning completing another “wreck survey"”.

There was so little space for people on Anton Dohnn, so that Rusty,
John and 1 had had to serve as sailors on our trips along the East Coast
from Portland, Maine to Beaufort, N.C. as well as underwater
photographers. On one occasion, Capt. Atheam had decided to go outstide
from Cape May to the entrance of Chesapeake Bay to save the time necessary
to go up the Delaware River to cross the canal, just south of
Philadelphia, to the headwaters of Chesapeake Bay, and back down to the
Norfolk area. As we neared the mouth of the Chesapeake Bay, we noticed d
picket ship trying to get our attention. We finally decided we werre in
the middle of a mine field. Not knowing where the mines were, Captain
Atheam decided we might as well continue as to turn around and traverse
back through the part of the mine field that we had already negotiated. We
made 1t without setting off any mines. It was probably because Anton
Dohnn's draft was less than eight feet and she was constructed of wood. If
any of the mines were magnetic, our engine was apparently too smatl a
chunk of iron to trigger them.

This was typical. We were asked to move back and forth along the
east coast but we could not get charts of “"war dangers” because we had no
"need to know". Somehow we felt we did have g "need to know" but that
changed nothing. In early 1943 the Bureau of Ordnance contacted us and
advised that they had developed a device called a hydrofoil. It was a
section shaped like an airplane wing. It was designed to be towed by a
wire rope, with the "lift" area facing down so that some of the drag on
the device from towing would be counteracted by a downward force reducing
the wire angle needed to tow it. They wanted us to fit it with a camera so
they could take up to twenty pictures on each tow and to demonstrate its
capabilities. We were gdvised towing instructions would be included. Ve
received the equipment but no instructions.

We cut out a central section and mounted the camera behind a
plexiglass cover so the water flow was not interrupted. In an adjoining
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compartment we initially mounted a switch and an arrangement of 20
flashbulbs. Later on we replaced this by a Kodatron electronic flash. When
we were ready to try 1t out we called to get the missing towlng
instructions, only to find there were none. It had never been towed. We
made a wire bridle with a towing fixture that could be adjusted back and
forth on the bridie on each side, After some experiences such as broaching
too or heading rapidly for the bottom, we found a towing arrangement that
wouid keep the wire angle at 45° and the hydrofoil would tow stably. We
soch found out that even though the wire angle was quite stable, and our
sounder gave us accurate depth information 1t was nearly impossible to tow
the device at a known distance from the bottom so the pictures could be
properly focussed. I built a small hydrophene from four Rochelle salt
crystals and we mounted it alongside the camera. By using the sound from
our sounder that went directly to the hydrofoil and its reflection from
the bottom, and the wire angle, we were oble to determine the distance
from the bottom accurately. Displaying the signals on an oscilloscope,
adjusted to an appropriate sweep spread, we could make @.1 inch on the
osciliograph screen represent 1 foot off bottom. The operator could then
advise the winch man to pull in or let out wire rope until the proper
distance from bottom could be achieved. We towed it at about four knots
and found the water depth did not change so rapidly we could not keep up
with 1t. We had a bundle of three two wire cables connected between the
hydrofoil and the ship's laboratory. One pair for the hydrophone, one pair
to fire the camera and one pair for the Kodatron flash. We took g number
of pictures in Vineyard Sound and Buzzards Bay. We wrote a report
explaining the system including how to tow the hydrofoil and sent it to
the Bureau of Ordnance. When we had no reply, we parked the hydrofoil and
went on with our other work.

About six months later our contracting officer called and asked when
we would have any results to report. Columbus replied that we had sent
them @ report about 6 months previcusly and gave them the date it had been
sent to them. About a day later they called and apologized since they
found our report in their files. They requested that WHOI send someone to
Fort Lauderdale to help them outfit their ship to tow the hydrofoil and
teach their staff how to use it. I was chosen to go, so I packed a camera
and hydrophone and left. We called them in Fort Lauderdale and advised
them to obtain a Kodatron Flash unit and some two wire rubber covered
cable,

I went to Boston and with suitable priority established by Bureau of
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Ordnance got a berth on the train for Fort Lauderdale. The train left an
about 8 P.M. and I went into the men's room to smoke a pipe before
settling down for the night. Other smokers joined me so that we had g
couple of other civilians and a GI there. Some conversation started and
one fan, about fifty years old began to talk about slackers that avolded
the draft refusing to serve their country. Since I was the only civilian
aged 24 in the group, 1t was obvious this talk was aimed at me. I decided
I would 1gnore him. This seemed to infuriate him and he became more and
more pointed and critical. Finally the G.I. asked him what he did. He
repiied that he was a salesman for ladies lingerie. The G.I. then told him
to mind his own business and to shut up. He knew, as that man should have,
that I would not be there unless I was there in some capacity for the
government. I shortly finished my pipe and went to my berth.

I spent about 1@ days at Fort Lauderdale outfitting and adjusting
their hydrofoil and teaching them how to use it. We never learned whether
they used it or if so, what for. "Need to know" you know. After the
hydrofoil we were asked to see 1f we could use the new television as a
means to hunt mines. We had to build a small pressure case for g small
camera, and one for a much bigger camera. The latter was about 12" X 18"
and about 18" tall! The small one was so grainy we couldn't identify
anything on the bottom with the opacity of the water added to 1ts
discrimination problems. The large one we could see the bottom only from a
distance of five feet, in water that we could take photographs from a
distance of 18 to 12 feet. We found the results unsatisfactory even while
we were drifting, because something would come into view and before we
could get a good lock at 1t, it was gone, We wrote the report of our
results and heard no more about television.

In the fall of 1943 we received a task that we were to call our
"fine print job™ in a renewal of our contract. It sald that we were
required to find out the transmission characteristics at all frequencies
for sounds in water depths of 10 and 2@ fathoms over an array of bottoms
made up of all ranges of geological conditions. Since this was impossible
as 1t was a request to understand all there was to know about underwater
sound in those water depths, Doc Ewing went down tc the people who wanted
to know the information to see if he could get at what they really wanted
to know. After talking to them a while, he gave them the answer to their
problem. Apparently they didn't believe him, since they insisted we make
meagsurements to show them.

Apparently the Germans were blowing up whole mine fields of acoustic
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mines by setting a charge off in the water at a distance from the field.
The low freguency ground wave which would set each mine off, since they
were similar frequencies to be found in ship's sounds before the higher
frequencies of the water waves could trip the safety device that was in
each mine to activate a device to shut the firing source off when
subjected to a nearby explosion. It was decided that we would make records
of explosions at various distances in water depths of 1@ and 29 fathoms at
locations representing five different geological situations. Stituations
were chosen, near Solomon's Island in Maryland, in Chesapeake Bay for a
thick mud bottom, near Jacksonville, Florida for a thick sandy bottom, the
Virgin Island, for a volcanic rock bottom, near Barbados for a coral
bottom over g thick sandy section, and near Trinidad which was an
extremely thick section of mixed sandy and mud layers. The Saludo from
Miami, Fla, a former yacht made availeble for the use of the Navy, was
made availaple for a recording vessel and a Cost Guard Cutter was made
available as a shooting vessel as well as g protection from enemy
submarines.

Ben Snavely, a former Lehigh Professor when I was a student, and
Gail White were made available from the Naval Ordnance Laboratory to help
us acquire and set up the instruments on the recelving vessel. Gail White
and John £. Cwen, who Doc recruited from an oil company went to seg to
help Doc on the receiving vessel, and I was assigned to fire the charges
from the other vessel. I helped as much as I could to set up the raceiving
vessel. Besides systems of timing 1t was also being set up to acquire
amplitude and energy data. One set of equipment for this latter purpose
recorded on 35 mm film. The film lengths were 1002 ft, so we had to store
it so it could be developed on our return. This was difficult because it
was hard to set the gain so that it did not overmodulate. Since space was
limited on Saluda, Doc set me to building a buoy to connect a seismic
receptor to the receiving ship by radic. I had very little to work with as
this had not been part of the planned instrumentation.

I got a five gallon can, cut an eight inch hole in the top and
soldered g brass ring around the hole to make a fastening for the
instrument head. I munaged to get g small FM radio transmitter and o
geophone together. With Gail White's help Che was our primary electronics
man) we designed an amplifier and modulation system to transmit the
acoustic waves by radio, Before I could get 1t all put together the rest
of the gear was ready so we had to sail. I never had time enough to get
back to my acoustic buoy, so 1t was hever finished.
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We fired seismic refraction stations at up to 36 to 40 miles length
at Sotomon’s Island and Jacksonville without any difficulties, after
overcoming start up glitches which are inevitable when setting up complex
equipment on shipboard for the first time. Only one noteworthy incident
occurred at Jacksonville. While gt the 20 fm station while we were firing
our explosive charges, the sonar picked up a target nearby that was
moving. Since there were no visible vessels except the ones belonging to
our party 1t was concluded that a German submcrine had been attracted by
our shots. ¥e terminated our work and made an attack on the target. The
Captain sent a radio message to the shore base alerting them to our
detection and attack. The base obviously did not believe us. We made
several more attack runs setting patterns of depth charges. The Captain
kept sending messages to the base suggesting assistance with the target
with no success. As nightfall was approaching, our attacks on the target
was taking us farther and farther away from Saluda.

Finally, the Captain broke off the attacks to return close to Saluda
since his primary mission was to provide protection for her. The next day
g submarine sank a fretghter about thirty miles north of us. Then when it
was too late, the base began to believe we indeed had o submarine target.
I guess the submarine figured we weren't worth a torpedo.

At Jacksonville, 1t was decided, by the powers that be, to send
Saluda to the Virgin Islands without escort. So I was moved on board
Saluda for the trip. Saluda could not carry enough fuel for the trip, but
since it was expected to be mostly downwind and Saluda was o good sailor,
a two masted schooner of 120 ft, it was expected to use sails without much
toss of time. The weather did not cooperate and we had head winds for
almost the first week., As a result the Captain had to use the engines more
than expected and we ran low on fuel before we got to Saint Thomas. So we
sailed about half of the way and took longer than expected.

The crew on Saluda had all sailed for many years and many of them
had been fishermen. One afternoon while sailing along at about 6 knots,
some of them convinced Doc to use the BT winch to troll for Sailfish as we
passed a few along the way. A hook was attached to the 5/32 BT wire,
breaking stream 1009 pounds, and @ flying fish that had sailed onto our
deck was used as bait. Within an hour, a Sailfish had taken the bait. Doc
put the BT winch in gear and pulled it alongside. It was brought on board.
Then the fisherman on board advised Sailfish were inedible that it was
only good for a good tussie. There was no tussle with the BT winch, the
fish never had a chance. The fish was unhooked and to Doc's disgust
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released. He had expected a good fish dinner. That was the end of fishing
on the way.

Finally, we approached St. Thomas and the wind chose to die. The
Captain had saved some fuel to motor into harbor, so he started the
engine. We were agpproaching the island from the north and the harbor was
on the south side of the island. Before we got in sight of the island we
saw @ mirage of the island up in the sky. This was the only time in my 42
years of going to sea that I had such an experience. We ron out of fuel
before we had made 1t around the island. We measured the fuel tanks and
found there was about a foot of fuel left. The intake had been raised
above the bottom to avoid any possibility of encountering any water that
might get into the tanks by leakage or condensation. The chief engineer
and I pumped some fuel from the tanks into buckets. We then unhooked the
fuel line from the fuel tanks and placed the end into one of our buckets.
Diesels do not use all the fuel pumped to them so they have a fuel return
line that returns unused fuel to the tanks. We also unhooked this line and
arranged for 1t to flow back into our bucket. Then I held the bucket and
made sure the fuel lines remained in it while the engineer babied the
engire to run. We finally made it into the St. Thomas fuel dock and
refueled. We replaced the fuel lines and were thankful we did not have to
use our bucket technique as a regular thing. Another Coaost Guard Cutter
was waiting for us there and I transferred my equipment and myself to 1t.
The next day Saluda went about revictualling and getting ready for sea.
The second day was Christmas and all shoreside operations ceased. Doc and
I spent Christmas eve at the bar of the Officers Club as our celebration.
On Christmas day we worked on the seismic records we had already taken.

The second day after Christmas we were cble to commence work on the
observations near the Virgin Islands. One day, after just firing a depth
charge, I went to the Officer's mess where dinner was being served. The
Captoin's seat at the table was under the cover of the ladder from the
deck which prevented seawater from coming below decks. As I entered, I
noticed the Captain's soup plaote was splintered and soup was splashed all
over him. He, angrily, asked me why I was blowing up his ship holding a
3/4 inch bolt that had been broken off in his hand to show me. I replied,
that the explosion could not possibly have done that. It turned out that
in the last overhaul, the hatch companionway had been removed by shearing
the bolts off so some equipment could be brought below decks. It had been
replaced and somehow a sheared bolt got left sitting on the ledge on the
inside of the companionway. The explosion dislodged it and of course 1t
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had to land in the Captain's soup. It soon transpired that the Captain’s
anger had been feigned and I was again perscona grota on board. We all had
a good laugh about the incident, the Captatn went and changed and we
completed our dinner.

From the Virgin Islands we went to Barbados. There was a lot of
coral on the bottom and our instruments on Saluda became tangled in the
coral and they could not be recovered. Since there were nc spares 1t
locked like we would have to await new geophones, hydrophones and cables .
It turned out there was a group of divers in Trinidad and 1t was decided
to fly them to Barbados to see if they could free our equipment from the
coral. They successfully followed our cables to the bottom and cleared
everything from the coral. Consequently, we lost only two days instead of
ot least two weeks.

The Coast Guard Cutter I was on developed engine trouble and limped
into Port of Spain in Trinidad. My gecr and 1 were transferred to a 100 ft
subchaser. It had pancoke diesel engines with side exhausts on either side
so the exhaust could be directed to the leeward side. Our work in the Gulf
of Paria, an area between Trinidad and some other islands and the South
American continent, went without incident. Our last location was to be off
the meuth of the Orinoco River in the Atlantic Ocean,where the sediments
were expected to be especially thick. We satled to our station and
commenced our work. When I needed to fire some of the depth charges the
ship carried, they would not explode. After three attempts I {nquired
about their history. I found out that they had been reworked by the
Ordnance Department in Trinidad. I decided that they must have been
assembled improperly since they would not fire, so I asked if they had any
engineering drawings of them on board. They did, but the Ammunition
Officer became offended that I would possibly think the Ordnance
Department could make any mistoke, or even more, that I would possibly
think I could determine the problem from the drawings. I pointed out to
the Captain, that if we could not make the charges work we would have to
return to Trinidad, have the problem corrected and return to finish our
work and that this would mean at least an extra two weeks or possibly even
three weeks. The Captain overruled the Ammunition Officer and I received
the engineering drawings. |

After studying them for about an hour one of the sailors and I took
one of the depth charges apart to examine its works. We did find a problem
that prevented the charge from arming. We fixed it and made o test run
which was successful. The Captain then had all (about 3@) of his charges
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disassembled and properly assembled. We had no more failures.
Nevertheless, the Ammunition Officer refused to speak to me again for the
rest of the cruise.

While we were working, a storm developed in our area which became
worse and worse. Because of our work we would often have to reverse course
frequently and the engineers didn’'t keep up with the changes of the
exhaust. The result was the exhaust frequently crossed our deck where I
was working and the saltwater in the exhaust would end up on the deck.
This made the deck very slippery and my clothes became thoroughly scaked
in saltwater. When I would get out of them at night to sleep, they were
stiff. They would stand up on the deck as i1f they were still filled with
my body. Since I saw no reason to get another set of clothes similarly
afflicted, I wore those clothes for the three days needed to complete our
work ,

The storm got worse and worse. I finally had to lash myself te the
deck, with the various explosive components within arm reach to continue
to fire the necessary shots. The Captain finally come to me and asked if I
didn't think we should quit and seek shelter. I replied that as long as
Doc could operate the recelving gear in the storm, I could shoot the
explosives. On his ship, Doc told me later, he was replying to his Captain
that as long as I could shoot, he could record the shots. Since nc one
wanted to extend the work another three weeks, the time to return to
Trinidad to refuel and revictual and return to finish the work, we were
allowed to continue. We finally finished after three days working in the
storm, as Doc later used to say in the leg of the land, Africa, we headed
back to Trinidad with all our data in hand. The storm abated and we had a
beautiful day ocur last day at sea.

The subchaser had a gun on the afterdeck which they had used on a
training exercise before I came on board. Due to repair work, the safety
switch that prevented the barrel from lowering too far had not been
installed properly and they had shot awgy a piece of the ratl. In the same
practice, one of the hand fired Thompson Machine Guns had o bullet lodge
1n the barrel, and the next shot caused an explosion and the end of the
barrel was split and splayed out in jagged pieces. The officers asked if I
would put on my disreputable salt stiffened clothes so that when we came
into base they could claim I was a German prisoner under guard and that
the machine gun and rail damage had resulted from a fight with a
submarine. They thought 1t would be a good joke, so I went along with it.
Shortly after we arrived ot the Section Base, where the ship was based,
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the Captain was called to the Commandant's Office. He received a thorough
dressing down for this "joke". I threw my salt crusted clothes away, never
even attempting to save them.

When we returned to Woods Hole Doc and I went to work immediately to
interpret the data we had acquired. I was sent to the Naval Ordnance
Laboratory to analyze the sound level films that had been recorded on
Saluda and returned for photo processing. fhen I had completed their
processing, I took the processed back to Woods Hole to work with Doc on
their interpretation. We soon found the early records had been over
modulated and had to be discarded. Farther study showed none of these
tapes could be used so we had to rely on the calibrations of our records
made on shipboard for amplitude and energy measurements. The work we had
done on shipboard and ports along the way showed us that the water waves
showed sound dispersion. The highest frequencies travelled through the
water fastest and were received first on the records. Lower frequencies
travelled stower and the waterborne waves were recorded with the highest
frequencies we could record first progressing to lower frequencies
terminating in a frequency similar to those transrnitted in the ocean
bottom. Thus an impulsive signal became stretched out to several tenths of
seconds. The duration appeared to relate to the total distance of the
shot. Close shots had a short duration and long ornes had a longer
duration.

We reported this result to a group working on underwater sound
theory at Columbia University, sending a couple of records as an
1llustration. We soon received a letter from Chaim L. Pekeris stating that
he had written a theory about this phenomenon about a year earlier, but
since he could not find any data to test it he filed it. He asked us to
send him copies of records at all of our stations so he could make a
thorough test. We did and he showed the dispersion was a function of the
ocean bottom geology, the water depth and the distance between the shot
and the receiver. These results later led Ewing and Press and later a
number of associates to explain the dispersion of earthquake surface
waves.

When our report was completed it was clear that the ground waves
from an explosion at some distance could cause acoustic mines to fire
before the water waves could arrive to enable the preventive mechanism to
work., Despite the fact we did not "need to know" we later found out that
they redesigned the acoustic mines to avoid this difficulty.

Khile we were in Barbados refueling and revictualling, we had been
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invited to go to the USO Club for an evening. When we got there we found
out that they were having o dance. One of the young ladies persuaded me to
dance with her. At the end of our dance they announced that they were
about to have a waltz contest. The contestants were to waltz and a
committee would retire contestants one by one who were poorer at waltzing.
The girl I was with insisted I should participate with her since she did
not wish to miss 1t. We survived the those cuts, but the other couple won.
All I can say is that the girl I was with must have been a wonderful
dancer.

In Sound Transmission in Sea Water, Doc Ewing had mentioned the
existence of sound channels in the ocean. These were places where negative
velocity gradients overlay positive velocity gradients, Negative velocity
gradients usually occur where the temperature decreases as depth
increases. Positive velocity gradients usually occur where the temperature
decreases only slightly or not at all as depth increases. In these latter
cases the effect of increasing pressure increases the sound velocity. A
sound channel therefore occurs when a region of decreasing sound velocity
with increasing depth overlies a region of increasing sound velocity with
increasing depth. The axis is the depth where the change from the former
changes to the latter. Sound channels occur in the ocean because of the
normal temperature depth relationships. The main sound channel occurs
because of the heated near surface waters that have absorbed the sun’s
heat which overlies the normal cold ocean waters at depths greater than
the sun's heat penetrates. Near surface sound channels occur because of
elther seasonal heating of the surface waters or diurnal heating of

surficial waters.

In July, 1943 Ewing wrote a memorandum to the Bureau of Ships, U.S.
Navy Department proposing the main sound channel as a long distance sound
transmitter which could be used to locate airplanes downed in the ocean.
Any survivors could drop a small bomb to the sound channel axis and three
widely separated receiving stations could triangulate the received signals
to locate the source. During WNII a number of planes went down over the
deep ocean due to engine failure or enemy action. Many times passengers
and crew would survive for periods up to a month. Often, they would not be
found in time. A bomb located in the aircraft would even fire
automatically when the aircraft sank. Aviators mixed the idea since they
did not want a bomb on their aircraft because of passenger safety. This
was ridiculous since the aircraft of those times carried thousands of
gallons of high octane gasoline, which was much more hazardous. Navy
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Laboratories responded that the greatest distance that the largest bomb (I
believe 5000 pounds of TNT) could be heard was about 3@ miles.

Nevertheless, Roger Revelle, then in the Bureau of Ships, authorized
the investigation of the main sound channel as a sound transmission
experiment. A Navy Destroyer as a firing vessel, the Saluda as a listening
vessel, and an escort vessel to protect Saluda were authorized.

Ke built fifteen "infernal machines” to fire charges at a depth of
4800 feet, the Sound Channel axis. We called them "infernal machines™
because they were fired electrically from batteries using a boundon tube
as a pressure elememnt to close the switch. With such a device it was
always conceivable that an accidental closure of the switch could cause an
unintentional firing. Such an event might endanger personnel. To prevent
this we brought two leads through the bomb case. A 100 ft electric cable
would allow the bomb to be lowered 18@ ft into the ocean before the
circuit to the batteries was connected.

Not knowing how efficient the sound channel was, we decided
arbitrarily to make the charges four pounds of TNT. We later found by
extrapolation that this size charge could be heard halfway around the
world. Nevertheless this was the size charge we used in all of our sound
channel work to be described below. Later, after WNII, because of the
extensive sound channel data in existence, when the Navy decided that they
needed a standard charge for all sound intensity measurements in the
oceadn, this charge size was chosen as a standard. Such is the nature of
things, that standards are sometimes chosen arbitrarily.

The experimental group moved into the Atlantic to the Northeast of
the Bahamas. Because of the excellent advice Gail White had provided for
our electronics work previously, despite the fact he was chronically
seasick, Ewing persuaded him to sail on Saluda in this same capacity.
After hydrophones at 1000 ft and 4000 ft were deployed and working, the
destroyer was requested to sail to the northeast firing bombs at fifty
mile intervals. Before the first firing occurred the electric generator
failed on the destroyer and she had to be detached to return to base for
repairs.

In order not to waste all of the effort, Ewing arranged for the
escort to set off for a distance of about 5@ miles firing a surface
charge, a hand grenade at the surface and a four pound charge at a depth
of 600 ft. at five mile intervals. Ewing and I analyzed the results of
this work and wrote a report about this work that concluded that low
frequency sounds could be transmitted very long distances. The Bureau of
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Ships refused to allow us to distribute this report because it would upset
their sound doctrine that they had had so much trouble to set up. This
work, nevertheless, was a major part of the basis of my later work with
Sub Dev Grp 2 which evolved into the SOSUS system well after WWII.

After a while, the aborted experiment was reinstated and got
underway in the same area. This time the firing ship made its way to 1000
miles firing charges at 50 mile intervals. The incoming sounds were put on
o loud speaker as well as being recorded on a photographic oscillograph.
The sounds were still so loud at 1000 miles that the cook in the galley
towards the bow of the ship could identify the sound channel sounds coming
from the loud speaker near the stem of Saluda. These sounds were unique.
Although started as a single abrupt sound, they arrived in groups of four.
Many groups arrived, each group having a shorter interval from the
previous group until the intervals became so short the groups were coming
in on top of another. Each succeeding group was louder than the preceding
one making a crescendo at the end when the sound quit abruptly (later
found to be within less than .0@3 seconds). The number of groups and the
duration of time of arrival of groups increased as the separation distance
between the ships increased.

The signals being received were unique and loud so when the last
shot at 1022 miles had been fired, Ewing requested that the range be
farther expanded. The Captain of the subchaser refused because his orders
only authorized 1009 miles, which had previously been thought farther than
the sounds could be heard. Qur later analysis indicoted by extrapolation
we could have had heard this size bomb at 12,000 miles, halfway around the
world, if deep ocean path existed between source and receiver.

Because of the outstanding results of these tests we were authorized
to establish a deep water receiver connected by cable to a land receiver.
We also recommended that submarines carry a Sofar bomb, which could be
released from their signal tube if they were under attack by the enemy.
Planes could then be sent to the attack location to drive off planes or
vessels pressing the attack. This was in response to the news that
Japanese were attacking our -submarines trying to interdict their
merchant marine support.

The operational response was that since an impulsive signal was
drawn out to about 1@ sec.s in length for each 1009 miles of path, a coded
signal would take too long a time to send to be of any use. This was of
course nonsense, since a single signal was so distinctive that it could
not be confused with any other signal in the ocean. Furthermore, the
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abrupt cutoff would allow location from three suitably located listening
stations to determine the location of the source to better than one mile,

Nevertheless, 1t was decided to set up a land based station. we
chose Eleuthera Island in the Bahamas to be close enough to deep water to
establish a sound channel hydrophone cable connected to shore. Since
Eleuthera was surrounded by coral, we had a 1,00¢ ft. armored cable and
20,000 ft. of demolition cable suitable for such an installation be made
available. McCurdy was set to work to construct suitable amptifiers,
recording equipment, and obtain loud speakers for a permanent land base.
We requested the Bureau of Ordnance, of the U.S. Navy to develop bombs
suitable to equip Navy ships and airplanes to carry and drop for planned
tests. Jim Peoples was selected to be supervisor of the Eleuthera Station
ond to go there and arrange for a suitable land based station and living
quarters for the expected station staff.

I was sent to Nassau, Bahamas, to connect the 1,000 ft. lengths of
demolition cord together to make a 20,000 ft. connecting cable for the
hydrophone. Nassau was the only nearby harbor suitable for Valour, the
former yacht turned over to the Navy for various duties, thus relieving
fighting ships to fight. Valour was about a 100 ft. two masted schooner
with an auxiliary diesel engine which could drive her at about 8 knots.

Demolition cable was made up of two stramds. Each strand consisted
of thirty or so wires about half steel and half copper individual wires
twisted togetheer which were about one eighth of an inch in diameter.
These were rubber covered and then covered with a woven fabric cover to
provide some protection to the rubber from chafing and cutting. These two
strands were twisted together and a filler of cotton fibers were added to
make the package into a circular section. The outside was then covered
with a tough neoprene jacket so that the whole cable formed a circular
section about 5/16 inch in diameter.

The connections of these 1,000 ft. lengths of cable into a 20,800
ft. length was difficult. Each end had to have the neoprene jacket cut
back about three inches, and all of the insulation cleaned off the strands
for about two inches. This was all such tough material that this was a
severe chore. Then the going got tough. The wires had to be connected and
soldered to make a strong mechanical and electrical connection. This
meant separating the copper conductors from the steel strength members,
lirking the steel wires by doubling them back on themselves with each one
linked to the other. Then the copper wires from each side had to be wound
around the linked steel members and the whole connection soldered together
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for good electrical connection. Each joint then was coated with rubber
cement and at least a double layer of rubber tape. The two joints were
then pressed together and covered from one neoprene jacket to the other
with a double layer of rubber tape to make the whole joint watertight.
Finally, a covering of friction tape was wound on to give mechanical
protection.

As each cable union was completed, it was put over the side into the
saltwater to assure that the joint was watertight. In the end we had a
1,000 ft. pile of demolition cable, the end fed over the side so the joint
could be tested in saltwater and another pile of demolition cable and so
on. With 12 unions in the water on each side. The ship appeared to be
pretty much a derelict much to the Captain's dismay.

After "soaking” all unions for a least 24 hours with no leaks
detected, I had to repile all 20,000 feet of the cable on deck in one pile
with the hydrophone attached to the bottom end .

Then I was flown to Eleuthera to lay the armored cable from shore to
the 30 fm. water depth. Since I had no previous experience with armored
cable, I studied carefully the brochure included that described and
pictured the technique for connecting two armored cables. Since I was
connecting demolition cable to an armored cable I had to devise a
modification of their technique.

When I felt I understood how to proceed we coiled the armored cable
in the well deck of the Coast Guard Buoy Boat which had been provided by
the Navy for our station use. The Buoy Boat, normally kept at Half Sound,
was moved to Quarter Sound which was near to our station location on the
Atlantic side of Eleuthera. Then we waited for the weather. While waiting
I decided that a good 1ook at the bottom near where we were bringing the
cable ashore would be helpful. We took the Buoy Boat offshore and launched
the skiff, where with a water glass I could view the cable in water depths
up to about 2@ fins. One of the locals sculled the boat while I scanned
the bottom. About 5@ feet from where the waves were breaking, he declined
to enter the wave break zone. I felt I needed to see that area so I told
him to return to the Buoy Boat. I lashed the water glass alongside the
dinghy. I started to scull to the area myself This amazed our local, who
had thought we had no skill in handling small boats. I scanned the cable
through the breaker zone to a water depth of five feet, where we had dug
a trench that would allow us to bring the cable ashore underground,
avoiding the zone of waves breaking against the shore. Finally, the
weather became calmer and we brought the Buoy Boat offshore from Quarter
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Sound and anchored near enough to shore that we could carry the cable end
in the skiff to where a heaving line could reach the shore. A heaving line
was attached to the armored cable and with a number of locals adding their
Norwegian Steam to that of our shore staff, they pulled enough armored
cable ashore to reach our recording shack. The armored cable was about 1
1/2" in diameter and the outside was completely encased in steel wires
about one eighth inch in diameter wound around the core of 1" 2 conductors
and cord stuffing.

¥hen this was completed most of our Norwegian Steam engines (about
six of us) moved onto the Buoy Boat and paid out the armored cable as the
Buoy Boat moved offshore to gbout the 3@ fathom curve. The end of the
armored cable was attached to a buoy which we moored there. On our return
to shore we radiced to Valour to move from Half Sound on the eastern side
of Eleuthera to the offshore region in the Atlantic within a few miles of
our buoyed armored cable.

When the weather cooperated, Valour came near to the buoyed armored
cable and anchored. We came out in the Buoy Boat and obtained the top end
of our 20,000 ft demolition cable and picked up the armored cable, again
with Norwegian Steam until there was enough on board to make the
connection. We didn't have to moor the Buoy Boat as the armored cable
provided all the mooring we needed. In the well deck of the Buoy Boat I
made the connection between the armored cable and the demolition cable.
This took several hours to make the mechanical and insulated cable
connections. When finished we threw the end of the armored cable over the
side in the appropriate direction.

Several of us moved onto the Valour. The Captain wanted to move
slowly to sea paying out the cable onto bottom as we went. I insisted
instead that he go to sea along our route at full speed, with us paying
out the cable as we went. The cable settling laterally through the water
didn’t pull the cable out faster than we were progressing over the bottom,
I had three people supervising the cable coming off the pile near the bow
to make sure it did not tangle. Two people were stationed along the deck
to keep it from hanging up on any of the deck fixtures and I paid out the
cable off the stem making sure it cleared the rail. When we reached the
hydrophone, T tossed it into the water and let it sink. On shore, McCurdy
and Peoples monitored the speakers. About a half hour after the
hydrophone was put into the water the shore party radiced it had reached
bottom and had become suitably quiet, i.e. no more "water noise". Valour
returned us to the Buoy Boat. When we reached shore we asked Valour to
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sall to the northeast firing 4 pound charges at 20 miles, 5@ miles, and
each 50 miles until we lost our signal or our radio contact failed. We
were jubilant that all was going well. About 24 hours after Valour left,
the signal failed and a short ctircuit was evident between our signal
leads. Valour was recalled from about 18@ miles away.

Since that day was well advanced, we waited for the next day . The
next day we went out in the buoy boat and grappled the end of the armored
cable. We buoyed it, and started to underrun the demolition cable. When
we got to about the 5@ fathom curve, we found all of the insulation off
the demolition cable, the copper wires all gone, and the steel wires
polished clean. We continued to under run the cable until we found the
cable intact. At this point, we cut the cable and tested it beyond the
break. It tested ok, so we insulated the end and buoyed it. Then we
returned to the shore end, and cut the demolition cable off the armored
cable. The shore then reported that the armored cable tested o.k., so we
buoyed 1t and went ashore to decide what to do.

The group got together to discuss the situation. We decided there
must be an outcrop at about the 5@ fm. depth, or coral from shallow water
had piled up on this area of the slope and provided enough sharp edges to
do the damage we had found. This meant of course that the cable must not
have been unsupported for o ways, and the current moving the cable back
and forth did the damage. We therefore decide to run the armored cable
farther offshore until we could connect to the remaining demolition cable.
That meant that I would have to go back to the manual and refresh my mind
on how to splice two armored cables together. I did that after dinner.

The next day I had to build a device, described in the manual to
allow me to protect the splice of the two armored cables. This took only
about an hour. Meanwhile others loaded the buoy boat with a length of
armored cable . When we had fintshed that, the day was too far gone and we
decided to wait for the next day. We turned too early to make the splice

of the armored cables. This took most of the morning. We then laid the
armored cable out till we could get the demolition cable on board with
sufficient slack to make the splice. We cut the armored cable off. This
was a hard job because of the armored wires and we had no way to
immobitize the cable except by holding it. Occasionally the hack saw stuck
on one of the armor wires and the holders could not hold it still. When
this happened we had to increase the number of holders until we could get
started again with our hack saw. . The cut off was guite ragged, but it
sufficed, I immedictely turned too to make the splice. This took guite a

80



long time and it was well after dark when we finished. The radio to shor
told us that all was well, so we eased the armored cable over the side
supported by a doubled up rope until it reached bottom. Again the shore
reported that all was well, and we went ashore.

Dr Ewing arrived and I was sent home with instructions to get some
of the bombs from the Bureau of Ordnance and send them down so that
experiments could get underway. When I called the Bureau, I found they
hadn't even started yet! I passed the news to Eleuthera. I was instructed
to get Ed Douglass to build some more bombs with the improvements he had
made since we used them earlier. He made about ten in a hurry and I
shipped them to Eleuthera. Meanwhile Ed started another group of ten. None
of them would fire! Dr Ewing returned, bringing one of the bombs with him.

I was sent to find out why they wouldn't fire. Since they could not
go off unless they were under pressure, and we couldn't attempt to fire
one in the pressure vessel, we had installed in the basement of WHOI
because of the explosion possibility, I had to build a small pressure
vessel capable of pressures of 3@@@ pounds. It had to be large enough that
a bomb could be placed in it. I found out that 1/8th inch copper tube
would stand those pressure, so I got a hydraulic jack and attached 100
feet of the copper tube to it. When I was ready, I was transported to
Elizabeth Island across the harbor to put the bomb under pressure. We
deemed the 100 feet of copper tube enough for me to safely put the bomb
under pressure, and since I was on a lonely part of the Island, no one
else would be bothered if it went off. I ran the pressure up to 3000 psi
and the bomb did not fire., although it was supposed to fire at 2400 psi.

Then I had to open the pressure vessel and extract the bomb. Of
course I waited one half hour hopefully to protect me from a hang fire.
When I had extracted the bomb, I took it apart and confirmed that it could
not possibly go off, so I called WHOI on the radio and asked to be picked
up. This was probably the most dangerous thing I did in WNII. Meanwhile a
fairly dense fog had come in so they advised me that they could not pick
me up. They said they would try to arrange with a farm on the Island to
feed me and for a bed for the night, so they would call me back soon. When
they called back, they said they had made arrangements and gave me
directions how to get there. It was difficult because of the fog, but I
finally found the farm. I had left all my equipment back in the field I
was using.

In the morning the boat from WHOI came over to pick me up. I thanked
my hosts for their hospitality and left. We stopped and picked up the
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equipment I had left 1n the field the night before. After off-loading the
equipment I went to Doc’s office and reported what I had found out. He
called Ed Douglas and discussed the results with him. They decided that Ed
should stop work on the bombs he was building and redesign the arming
mechanism. When he had finished that he would resume his building. They
estimated that would take at least a month!

After he hung up the phone, Doc turned to me and said that was too
long and that we would have to make some guicker. The ones we had made
praviously we decided also would take too long. We decided we would have
to make another design that would not take so long to build. Doc then said
-that we should start with the firing mechanism, and that we should aim to
make 1t about the diameter of a pencil. I thought he was crazy, but said
nothing. We talked about the demolition blocks that 1 had been firing in
the explosive reflection tests. These were 2 inches by 2 inches and
about 4 1inches tall, and were 1/2 pound of TNT.. They had a well inside
with a booster charge. With these we had been able to fire larger charges.
One could put either an electrically fired, or a fused detonator in this
well to make the demolition block to fire. Fused detonators had a burning
fuse that caused the detonator to fire. Detonators were a little less
than 1/4 inch in diameter and about 2 inches long. While we were talking,
one of us recalled our colliapsed tube which had caused a second order
explosion in our pressure vessel at Lehigh. If we could make a tube
collapse, have the collapse ignite a flame, we could use a fuse type
detonator and have the flame set it off. I was set to work to find tubing
about 4 inches long that would collapse at 240@ psi, the pressure at the
sound channel axis.,

I had o book that gave the formulas for the collapse of bodies under
pressure. Taking the strength figures of brass I calculated how thick the
wall would have to be to collapse at the desired pressure. We didn’t have
this size in the shop, so I had Chuck Bodman, the machine shop foreman to
make an emergency order for some. We had to take 10@ feet of tubing to
have the supplier fill our order. When it arrived the next day, WE cut off
a plece about 4 inches long. Chuck had ends machined to be .282 inches
bigger than the tube diameter with the leading edge chamfered.. The back
end was made equal to the outside diameter of the tubing and about 1/8
inch long. These ends were pressed into each end of our 4 inch piece of
tube, and Harry Robinson, my assistant, and I put it in the pressure
vessel and tested the collapse pressure. The calculations proved to be
correct, and the tube collapsed very near to the desired 2400 psi.
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Now we had our collapse tube, we put an engineers spectal
detonator in it. This was the most powerful non-electric detonator that
you could get. Then we had to find something that would initiate fire
when the tube collapsed. The first thing that came into my head was
matches. Since we couldn’t put a whole match in I decided to cut off the
head of a match and use it. I further decided that one match head might
not be in the proper place, so we should use five match heads. To keep
them from all falling into one place, where they might not be hit by the
collapsing tube, I placed them on a piece of cellophane tape. We would cut
off the excess tape and insert them into the tube. For safety reasons we
built a device that surrounded all but the very tip of the tube with about
an inch of brass, with a lever arm to press the head into the tube to seal
it . This arm was made almost all of metal, but to the end we attached a
short piece of wood. This made a hand grip that would break easily if
somehow we set off the detonator while sealing the end.

Harry and 1 made twenty separate tests of this device and they all
worked fine in the pressure vessel. It looked as if we had our desired
firing device. However would they fire a demolition block? WE made up a
number of detonators and sent them to Eleuthera with instructions of how
to insert them into a demolition block. The tests were made by attaching
a weight to the block to make it sink fast from the buoy boat. After
twenty tests the answer came back that only half fired. Since the
detonators had worked 100% in our pressure vessel, we decided that the
extra thickness of our collapse tube reduced the power of the detonator
explosion so that the firing of the demolition block was uncertain. The
obvious answer was to increase the power. Since we were using the most
powerful detonator made, we obtained a pellet of PETN, another explosive
and put 1t in our tube beneath the detonator. Testing proved that we had a
winner,

We got our further work with the sound channel under way. Because
1t was somewhat dangerous installing the match heads on their piece of
tape, I called a match company and asked to buy the material that match
heads were made up of, so we could paint it on the inside of our tube
instead of inserting our tape unit. The match makers refused to sell us
any, because they said it was too dangerous. Doc knew some of the people
in DuPont explosives plant from our use of explosives in our prewar
setsmic work, He called them and asked if they could load our tubes
directly, inserting something to moke fire in the top for us. They said
they probably could, but we had to visit them and show them exactly what
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we wanted.

Doc arranged for me to go down and talk with them. I went home and
changed my clothes, and walked down to the train station to catch the
evening train. On the way a young kid aimed his cap pistol at me and shot
1t saying “mister you’re dead”, I grabbed him, and I guess scared him
badly, but when I could calm him down, I asked him where he bought his cap
pistol ammunition, He named the store in Falmouth. At the station I called
Harry at the office and told him to buy some and test them while I
continued on my visit to DuPont. At DuPont’s I explained what we wanted
and they said it didn’t sound too hard.

On my return to WHOI I found that Harry had successfully tested the
cap pistol ammunition, and that he thought it was safer than our match
heads. There was only one thing, it was hard to get a strip of cap pistol
ammo 1n our tube. We solved that by bending a strip in half lengthwise and
trimming the excess off each side. Now we had our firing device and we
could make tt easily and comparatively safely. Our work progressed.

About two months later, DuPont called us and said they had some
detonators to try out. They had packed the explosive charge directly into
our collapse tubes and had instailed a coil of wire which contained a
material that would make fire when struck hard enough. They sent them to
us and we tested them in our pressure vessel. Some would fire and some
would not. We called them and told them the results and told them of our
success with cap pistol ammunition. After some discussion, they agreed to
make some following our pattern, since this was war time, but they refused
to prepare the cap pistol ammo. I don’t know, but I think 1t hurt their
pride that caps were better that the material they had come up with. Of
course we prepared caps for them and sent them to them for all of our
orders, usually one hundred at a time.

WE named these “Woods Hole Detonators”.

We used these detonators on a trip from Eleuthera to Dakar.When a
bomb was dropped near Dakar on one occasion, 1t was 23@@ miles away. The
bomb was dropped, and the explosion signal was received at our recording
station by radio. We then shut down our gear and went to have our suppers.
When we returned an hour later, after supper, we turned on the gear in
time to receive the Sofar signal! We had the services of a naval ship for
this experiment, with our Naval Liaison Lt. Newhouse firing the charges.
We pianned to have other cruises, but the Navy protested having their
personnel to fire our bombs. Probably because they were eight demolition
block lashed together with a sash weight to sink them rapidly.
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Newhouse went to Bu Ord to try to get our bombs approved. He was
stymied until we could tell them what chemicals were included in our
firing system-- cap pistol ammunition. He called me and asked me to find
out. I called the fireworks manufacturer and asked them. They stated that
the chemicals they used were the most dangerous they had to handie. I
asked then how come they could make cap pistol ammunition out of it and
sell 1t to kids. Their answer was that in the guantities they used in cap
pistol ammo it had negligible danger. 1 reported all this to Newhouse.

Newhouse went back to Bu Ord and gave them this information. While
he sat there, the Bu Ord guy called the Bureau of Mine Safety and asked
about the safety of this material, since the Dep’t of Defense had no
experience, The Bureau of Mine Safety had responsibility for the civilian
explosives safety. Newhouse could overhear the man at the Bureau of Mine
Safety laugh and say, “that stuff is so safe, explosive manufacturers make
cap pistol ammunition out of it.” Actually in large quantities it is awful
stuff. It is made of fulminate of mercury, potassium permangonate,
phosphorous, and carborundum amongst other things. To make cap pistol ammo
they dip a device made of a line of 1/4 inch rods into a slurry of the
material, then touch the paper backing, leaving a drop where each rod
touches. After it dries a thin paper covering is added, sealing the
explosive dot in.

The end result was that we received permission to use it on an
experimental basis. To use them we had to insert the detonator into the
demo block. This constitutes an armed charge. We were given a year before
we had to use charges that would arm the explosive after it was well away
from the ship or plane. Newhouse got an order for Bu Ord to provide us
with such a device.

Although it is out of time context, I’l1 finish the explosive story
here.

One year later I was sent to Bu Ord to arrange for a shipment of
bombs so our work could continue. When I arrived I found out that they
hadn’t even started to design them yet. I asked how long a design would
take. They said probably six months, with another four months to
manufacture some, and several months for safety testing. I protested
that this was outrageous, that we could do all but the safety testing in
less than a month. They responded that why didn’t we do it then, send ten
specimens to them for safety testing which they would do immediately. We
were given a three month extension to use our present system. In total
disgust I took the train from Washington to Woods Hole.
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On the train, I had the demolition manual. This listed atl of the
explosive devices, explosives, and auxiliary equipment available for Navy
demolition use. I leafed through it and found a small bomb used to make
smoke signals. The body was about two inches long, contained about a
pound of smoke materials, and had a metal case including tail fins so
they could be dropped from planes. On the back of an envelope, the only
paper I had with me, I designed a bomb arming mechanism which could be
fitted in the tail fin region. The bomb would have to be cut 1in the
middle of the body and have the body extended to hold the four pound
charge, but this was no problem. At woods Hole, I had Chuck Bodman start
the construction of one arming mechanism. I called Newhouse and he had 100
empty bomb case sent to me, arriving within the week. We fitted the arming
mechanism to the bomb and tested it in our pressure vessel. It worked
well. I had Chuck build ten more immediately and we sent them to BuOrd for
testing. We of course provided ten detonators, 1in which we did not
tnclude any charge. They tested them promptly and gave us our 0.K. to use
them with Navy personnel firing them from Navy ships and planes. This was
achieved one month after my trip to Bu Ord. Our work progressed without
further explosive hitches.

After WNII, Woods Hole had a number of Woods Hole detonators made up
to fire at at least four other depths than the sound channel axis. They
were used on other underwater sound experiments

As soon as we had our new model bombs made and filled with
explosives, the Underwater Sound Lab. at New London (USNUSL) agreed to
send a ship out to fire some shots to be received by Eleuthera. They sent
a truck from New London to pick up the bombs. It arrived on a Saturday
afterncon. I brought out the bombs, expecting to load the truck. The truck
driver refused to take them until they were solidly crated. This did not
moke much sense, since only a bad fire, or external pressure of 2400 psi
could set them off. Nelther could be encountered by the truck. In war time
there was no traffic on the road because of gas rationing. Nevertheless
the driver was adamant and a whole lot of people deployed for the
experiment would be held up if the shipment wasn’t made. I called Stan
Eldredge, the wood worker to ask for help. He must have been out somewhere
since his phone didn’t answer, I decided I'd have to make a crate. There
was only one problem. All the tools were locked in a cupboard in Stan’s
wood shop. I took a fire axe and chopped the lock out of the door, so I
could get the tools I needed. I made the crate and sent the bombs on their
way .
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The following Monday, I made sure I was there when Stan arrived. I
told him what had happened, apologized as some of the tools were his own
tools. Nevertheless he was angry. I was surprised since Stan and I had
been very good friends. I had been careful in my chopping to make it as
easy as possible to repair. As soon as Columbus, the director arrived,
Stan went to him and complained. Columbus asked him why he didn’t take an
axe and chop my door down? Stan averred that he would do that, and left.
Later he realized he would have to repair my door too, 1f he chopped it
down. Stan wasn’t my friend for the next week, but he got over it. We had
many good laughs over the incident subsequently.

On another occasion we agreed to truck bombs to USNUSL for another
experiment. When they were ready there was no one to drive the truck to
New London. I had some other commitments for the experiment so I couldn't
do it. In desperation I asked Beverly Steele, my secretary 1if she would
do it. She replied that she would be glad to, but she didn’t know how to
drive the truck. It had a five speed gear shift, I told her I would show
her how. I explained the system to her, then drove around the Eel Pond
showing her the proper way to use the clutch and gear shift. She then got
in the driver’s seat, and drove around the Eel Pond. She did a fine job,
so I loaded the bombs and sent her on her way. How do you women’s lubbers
like that? Shortly afterward Columbus called me into his office and asked
me 1f I had done that. I told him I had and the reasons. He was aghast,
and he made me promise not to do it again. Beverly got a big kick out of
1t when I told her. She was about 5’ 10” tall and very thin. She was about
twenty five, married to an army officer who was serving tn the Pacific.
She thought it was a great lark.

At about that time, Commander Knight, who had been put in overall
charge of the project for the Navy asked for a report about the bombs. I
wrote the report stating that most of the bombs used so far had cost in
excess of $10@ while the Woods Hole bomb cost $00.75. Commander Knight
was incensed about the use of the double zero. It was in fact due to a
misstrike on the typewriter. I did not hear of his attitude till much
later. He would probably not have believed it was due to a misstrike
anyway. He approved the use of Woods Hole detonators to make bombs, until
the self arming bomb could be approved.

With the receiving station working, and bombs available the station
was set to record bombs fired in a wide selection of locations in the
Atlantic which were not behind continents or islands. This was
accomplished by Newhouse flying on various routes of the Naval Air
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Transport Services (NATS). Each hour Newhouse would enter the head and
drop a bomb through the commode. At that time the commode dumped
overboard. I don’t think Newhouse always obtained proper authorization for
this activity, but it worked. Since NATS routes did not cover all areas of
interest, several cruises were arranged to cover them.

One cruise was sent out to delineate the shadow of Bermuda to our
Eleuthera installation. Bombs were fired at one hour intervals as the
ship passed at right angles to the line through Bermuda from Eleuthera,
first 300 miles beyond Bermuda, and then 1200 miles beyond. At three
hundred miles, the three bombs in the shadow of Bermuda were not heard. At
1290 miles, all the bombs were heard, but the ones in the shadow of
Bermuda were reduced in intensity. This showed that diffraction occurred
around Bermuda and that these sounds in sea water acted similarly to light
in air.

While that experiment was under way, 1 was set to work to write a
classified report on the work we had accomplished. We had made ray
diagrams of the paths of sound originating at the axis of the sound
channel for, Doc’s original proposal, for a distance of about 45 miles. To
do this we had taken representative velocity depth curves available from
prewar cruises of temperature and salinity versus depth curves from
different parts of the Atlantic. We took a mean curve and approximated it
by seven linear gradient velocity depth segments. These showed that rays
started at the axis with an angle of up to 12.2@ degrees above the
horizontal recurved downwards because of the increasing velocity toward
the surface. Those rays started downward with angles up to 15.19 degrees,
recurved upwards because of the increasing velocity beneath the sound
channel axis. At higher upward angles, the rays impinged on the surface.
With larger downward angles rays impinged on the bottom. Upward traveling
rays after recurving reached the axis again and became downward traveling
rays, and vice versa. Because of the stronger velocity gradients above the
axis the upper recurved ray traveled a shorter horizontal distance than
downward traveling rays. The upward traveling rays I called tops, and the
bottom traveling rays I called bottoms. Rays contain a top and bottom I
called cycles. Rays restricted to travel beneath the surface I called
sound channel rays (SC), those which traveled between 12.2@ and 15.19
degrees I called refracted and surface reflected (RSR) rays, Those with
steeper inclinations, which were reflected both at the surface and the
bottom I called reflected (R) rays. If sounds were made at depths slightly
different than the SC axis, the rays which started downwards traveled
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slightly different paths than those started upwards at the same angle and
would have slightly different times of arrival at a distant point. For
distant shots, sounds received would have traveled a number of cycles, We
had to develop a way to calculate the time of travel along rays since rays
of different inclination traveled much different distances for any
particular separation of receiver and shot. We derived such formulas and
found the eastest to use involved a function called Gudermanions, named
after Guderman who had first investigated these functions. Although
obscure, we found a set of tables of these functions. They were
tabulated in grads which I took to be the French word for degree. After
I had spent a week calculating the times of travel along different rays, I
found that in this case grads represented angles where a quadrant (99
degrees) was divided into 10@ parts. The table had been computed when the
metric system had been initiated. As part of the metric system, they had
tried to divide a quadrant in 100 parts, but it had not been accepted with
the rest of the metric system by the international community. I had to go
back and convert all my angles into grads to calculate the desired travel
times. It became apparent that three paths near one angle would have
nearly the same travel times between two points on the axis. One with a
whole number of cycles, one with the same number of cycles, but one less
bottom, and one with the same number of cycles and one less top. If
either the receiver or the shot were slightly off the axis, the path of
even cycles would separate into two different paths of slightly different
travel times. At significant separations of shot and receiver, there were
a number of whole cycle paths between these points, and a number of
different travel times.Those sound traveling closest to the axis,
traveling the shortest distance, traveled the slowest and were the loudest
since they suffered the least absorption. Since it was nigh impossible to
locate the source or the receiver precisely at the axis, the sound arrived
at a distant point in groups of four, with the weakest arriving first,
becoming louder as each successive group arrived and having shorter
intervals of time between each successive arrival, until the groups
started to overlap each other. Thus the loudest sound arrived last and
terminated abruptly. To facilitate calculations it was decided to graph
the horizontal distance for tops, bottoms and cycles against axial
angles. Then the times of lead time from the axial ray, the slowest,
versus horizontal distance were computed for SC, RSR and R rays,

We had recorded, these sounds on channels of different frequency
response which made the well known difference in absorption of socund
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apparent. The lower frequencies were absorbed less than the higher
frequencies. Because of all these calculations ond graphs 1 had made
separate binders for etch investigation which I labeled Lorasto for long
range sound transmission in the ocean. Later the Navy decided to name
this study Sofar for sonic fixing and ranging.

Finally I had all the calculations and graphs made so I wrote a
first draft of our report. When this was finished, Doc and 1 got together
and went over the draft to correct it. We worked on it all day at the
office, and then at night, I would go to Doc’s house and we would work on
1t t1ll midnight. This revision seemed to take longer than all the rest of
the work put together. Doc seemed to want to agonize over every dot of
every 1 and every cross of every t. Finally it was done, even though I
thought it would never end. The manuscript was finally typed, the
figures drawn and an inch thick Confidential report was completed . It was
distributed to the 1ist of recipients the BuShips had sent us.

While work progressed on the manuscript, we had been arranging the
assets to undertake a large triangulation experiment. We would use
Eleuthera as one station, set up a listening station near New York but on
the far side of the Gulf Stream, and set up a listening station on
Atlantis in the Sargasso Sea. Bombs would be fired along NATS routes
crossing the area within the three stations and extending westward beyond.
Because the war was over with Germany, it was decided that Atlantis could
be safely sent to sea in the Atlantic again. She had been too good a
target to risk in the Atlantic while the German submarines were active.

I was chosen to man the Atlantis in the Sargosso sea. While we were
on our way to sea, the Japanese surrender occurred and we were uncertain
whether that would cancel our experiment or whether we should proceed. The
captain asked for an answer from WHOI, meanwhile he anchored the ship on
the continental shelf. After waiting all night we received a message to
proceed with our task. We got underway again and proceeded to our position
near 25 North and 60 west. Atlantis was one of the few ships, at that
time, capable of anchoring in deep water (about 270@ fathoms).

We started the anchoring procedure and I attached a spar at right
angles to the anchor wire rope at the position we expected to remain at
the sound channel axis. We attached @ hydrophone to the end of the spar,
about twenty feet from the wire rope, and fed the hydrophore cable over
as we proceeded to finish anchoring, When we had settled down, we turned
on our listening gear and found it terribly noisy. After allowing plenty
of time for the noise to abate, we decided it never would. The anchor
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cable was just too noisy. We started to recover the hydrophone cable
only to find it had wound itself around and around the wire rope anchor
rode. This was my first experience, that because of the great weight of
the wire rope, as it was paid out 1t would rotate to unlay some of the
turns that we're made in 1ts manufacture. In order to try to save the
cable to the hydrophore we tried to push the turns of cable around the
wire rope down as the wire rope was recovered. After recovering about
100 feet of the 4800 feet of cable, this became impossible from on deck. I
then had them rig a bosun’s chair under the bow, and I got on it and tried
to push the coils down as the wire rope was recovered. It soon became
evident this would not work, so I took a pair of diagonal cutters (dikes
tn our vernacular) and started cutting the cable turns off the wire rope.
After clearing the mess within my reach, they would recover some wire rope
until I could no longer push loops down the wire rope, Hoisting was
stopped and I would spend another fifteen minutes cutting cable off the
wire rope. This was repeated until we had recovered the hydrophone and cut
the spar off the wire rope. Then we let out the wire again until we were
anchored. This process had taken about eight hours to complete,

Anchoring in deep water is quite different from the technique in
shatlow water. In shallow water one lets out about three times the water
depth on the anchor rode. This is to make sure the ship is pulling nearly
horizontally on the anchor which continues to set the anchor firmly in the
bottom. In deep water the anchor is attached to about 300 feet of heavy
chain. The other end of the chain is attached to a heavy weight, about
1002 pounds of lead which in turn is attached to the 20,000 feet or so of
wire rope on the ship’s trawl winch. Several hundred feet of wire rope,
more than required to lay the heavy weight on bottom is paid out. The
heavy weight and heavy chain assures that the anchor is pulled along the
bottom so that its flukes get a good grip on the bottom. The ship bobbing
up and down on the waves and under the influence of the waves, may 1ift
the weight a little ways off bottom occasionally, but it quickly settles
on bottom again.

Sitting on the bosun’s chair under the bow, near the wire rope is
quite a hazardous undertaking. If the wire rope should part, it is most
likely to part at the sheave over which it pays over the bow. Since it is
under great tension, from the weight of the 1800@ or so feet of wire rope
between the bottom and the ship, if it should part the wire rope wound
unlay and whip around the area of the brake. This would do great damage to
anything nearby.
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Having destroyed the cable to the hydrophore, we had to fashion a
new one of 5000 feet out of 1000 foot lengths of demolition cable. When 1t
was complete we lowered the hydrophore over the stern. It was
satisfactorily quiet. We radioced to shore that we were in position and
ready to proceed.

At an appropriate time after we had left, the Valour had left and
taken up her position near New York and lowered a hydrophore to the SC
axis. She was left to drift as she did not have a deep trawl winch and
wire rope, Being near to shore, she could get Loran fixes near to the
time that she received a Sofar signal, and we could work out our Sofar
ranges from these Loran fixes. Atlantis was too far away to receive Loran
signals. When all was ready, Newhouse started dropping bombs along NATS
routes, and from planes especially assigned to this work.

Ne soon found out that we had a noisy hydrophore for about two
hours, then a quiet one for about four hours and this pattern repeated
1tself each six hours. We could alsoc observe about a one to two knot
water current passing our anchored ship each period that our hydrophore
was noisy. For one six hour period it would be in one direction, and in
the succeeding one in the opposite direction. Nevertheless we were able
to record enough of the Sofar signals for our job. The Valour drifting,
was able to record nearly all the signals. Eleuthera recorded all of them.
After about half our month, our anchor wire rope parted at the sheave at
the bow, and we lost our ability to anchor. We notified WHOI and kept on
recording Sofar Signals until the experiment was concluded. The captain
and the mates did their best to take sights and fix our positions.

On our return to Woods Hole, about the middle of the fall, Ewing and
I went to work calculating the fixes from those bombs where we had data
from all stations.The navigator on the plane Newhouse had used provided
positions of the plane for each bomb drop. When he found out that we were
going to check them, he asked to rework his data and moved some of them as
much as much as ten miles. He claimed his positions were good to within
three miles. We sometimes found his original positions better than his
revised ones. Other times, his revised ones were better.

We found our closure on positions were not as good as we expected.
We decided this was because we had done all of our calculations on rhumb
lines and that we should have used great circle paths. We found formulas
for great circle paths, and recalculated all of our data. We found our
circle of uncertainty after this correction was only about one mile. Of
course, after the anchor on Atlantis parted this uncertainty, decreased
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the accuracy to be expected because of the degraded position data for
Atlantis

In February 1946 Doc moved to Columbia University to take up his
position as Associate Professor. He left me to complete the report on the
triangulation. In April I went down to Columbia with all the data and Doc
and I outlined the report to be written, I went back to Woods Hole and
drafted the first draft of the report. In mid May I returned to Columbia
and Doc and I revised the report. I went back to Woods Hole and
reproduced the report and sent it to the approved distribution list.

One of the serendipitous results of this experiment resulted from
the drift of the Valour. In the month she had drifted she had made a
track of nearly three quarters of a circle of nearly 6@ miles in diameter.
Columbus decided this was because of an eddy that broke off the Gulf
Stream. Several years later, he organized an experiment involving several
ships that mapped out several eddies and wrote an important paper about
the Gulf Stream from this work.

In wartime people get too wound up in their work just as they do in
peacetime. They need to unwind. We did too, at Woods Hole.

Unwinding in Woods Hole in war time was more complicated than in
most places. There was only one store with few choices where one could buy
food. Falmouth was the nearest place to shop for food. Thus, food
purchasing used up most of a household’s gasoline ration. Relaxing had to
be found without much use of a car. One way we did this was to have g
cocktail party at our homes. This moved from one home to another. None of
us had much money, so this occurred probably only about monthly.

Vine and I decided that we wanted to learn to sail. He sold his car,
and our two families used my car. This was not too hard as we all got
along well together, and the ladies coordinated their grocery shopping. We
used the proceeds to buy a cat boat called the Rip. This boat was fifty
years old. It had benches in the cabin, which comprised the front half of
the boat. 1In the after cockpit, both sides were also equipped with
benches. Woods Hole was a great place to sail from. The Elizabeth Islands
extended, mostly southerly, separating Vineyard sound from Buzzard Bay.
There were many friendly coves along both sides of the islands to explore,
and beaches on which to picnic or from which to swim. Cutty Hunk had an
interesting harbor to visit. There were several passages between the
islands to transit. Some of them had an interesting current through them.

To the westward along the south shore of Cape Cod, there were a
nunber of villages with harbors to visit. Vineyard sound turned eastward
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near Woods Hole and Martha’s Vineyard formed most of the southern margin.
Farther east, Nantucket continued the southern margin. Nantucket had an
interesting port, and Martha’s Vineyard had three. We soon found that to
explore all this territory we wanted to stay overnight, So Vine and I
built wood framed, canvas mattresses double bunks on each side. Since Rip
was twenty feet long, and about ten feet wide, there was ample room 1n the
cabin for this. We also built a small galley, really a shelf with
cupboards underneath to store foods. We got a pressure gascline single
burner stove which we could use to heat things. A five gatlon jug was our
water supply. A water pail was our head. The person using the head
segregated themselves in the cabin for privacy.

We had a lot of fun gunkholing (visiting the many coves and
intets) but soon found the wind unreliable in such places. We found a
small two horsepower gasoline engine, similar to those used on lawn
mowers, connected 1t to a model A Ford transmission to a propeller shaft
through the skeg. We had to cut out some room in the rudder for the
propeller. We made this modification on the marine railway belonging to
the MBL (Marine Biological Laboratory) which had mostly gone into
hibernation for the duration. We also used this marine railway for the
annual bottom cleaning and painting.They allowed us to use it without
charge. There was no clutch in our system, so we shifted from neutral to
first gear, or reverse gear quickly to avoid grinding the gears. This
improved our gunkholing a great deal. After we had a kid apiece, we took
them along 1n thetir carrying baskets. These were placed on the floor
between the bunks.

Later on, we wanted to improve the upwind sailing, which was poor in
a cat boat with only one gaff-rigged sail, and with the mast almost as far
forward as 1t could be located. we attached a two by six, about four
feet long to the deck at the bow, ran g stay to the mast head, and
another to the bow at the water line. Our ladies fashioned a small jib
out of canvas, using their sewing machines, and we had a jib. This
tmproved our upwind sailing, but we could not still hold our own against
the sloops that some of our friends had. We would get to sail about once
a month for a Saturday afternoon and Sunday., between about April and
November. Most of the time the Vines and Worzels sailed together,
Sometimes one or the other went alone. In the summer, we sometimes could
toke a picnic supper, and take a short sail from about five to eight .
Sometimes we would do our grocery shopping at Vineyard Haven since it was
only about an hours sail from Woods Hole and the grocery store was close
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to the dock. This used 1ittle gasoline.

In 1944 we sold Rip, which we decided was held together by water
pressure, since the nails, in excess of fifty years old, must have rusted
out. Rip we found got he name from an actor who had owned her when she was
new. He often played the role of Rip Van Winkle in a play he frequently
appeared in. Stan Poole told us of a thirty foot sloop in Chilmark Harbor,
where he lived, that he thought we could buy cheaply. We went down to look
at 1t and bought it on a Sunday. The lines were all rotted out and the
sails were not much better. Nevertheless, Vine and I undertook to sail her
back to ‘Woods Hole. We obtained some line from a lobsterman that he was
discarding and rigged Evangeline, which we soon shortened to Angie, with
the minimum necessary to sail. It was a fall day, quite chilly, and the
tide was against us going up Vineyard Sound. It took all afternoon and it
was almost dark when we got to Woods Hole. We got quite cold as the
afternoon waned, so we started a fire in the cabin in an old pail, using
some of the cabin paneling for fuel. With this we could take turns getting
warm in the cabin, and getting cold sailing on deck.

We outfitted Angie with all new rigging. Her gaff main sail and jib
were usable and with some painting and caulking we soon had her ready.

She was a Crosby sloop which had been built in the period when Crosby was
changing from building catboats to building stoops. So she was about half
catboat and half sloop. She had a semi-keel and a centerboard. In the
intervening years the centerboard had been abandoned, but the centerboard
trunk remained as an obstacle in the center of the cabin. Nevertheless,

1t was a big improvement in our fleet. She sailed much better into the
wind, she had much more room in the cabin, we could stand up in the cabin,
and she had a model A ford engine in the cockpit. We built four bunks in
the cabin, and much more of a galley. Well up in the bow we fashioned some
children’s bunks. We each now had two children to take sailing with us.
She was steered with a tiller instead of g wheel that we had used on Rip.

We soon became dissatisfied with the engine, it was nearly rusted
out, so we removed it and bought an old Swedish two cylinder engine which
we installed in its place. This made the cockpit roomier and used much
tess gas. We could now move at about four knots under power. We still only
used the engine near the docks, and for some gunkholing. About a year
tater, we heard of a sloop that had burned in Falmouth and that her mast
had burned off at the deck and had fallen into the water, thus being
saved. The remainder of the mast was about twenty five feet. We bought
this mast, fitted it to Angie and changed her from gaff rigged to jib-
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headed rigged. The main sail was easier to hoist, and she sailed much
better. We had to reposition the mast and although we had made the
calculations about the center of effort, we put the most about a foot too
far aft, bemuse we wanted to make sure she had a weather heim 1.e. 1f the
rudder were untended she would turn upwind and stall. Ke didn’t have
enough certainty of our calculations to give her a moderate weather helm.
We had the ladies, now experts, since they had made a jib for Rip, to make
a mainsail for Angie. This was quite a chore and required somewhat heavier
canvas. Their sewing machines were just able to handle the heavier canvas,
but the lodies struggled to make such a large sail. It worked well,but we
were informed that they had now retired from sail making. One time in the
approaches to Chatham harbor, a gust of wind caught us and heeled the boat
over about 70 degrees. Everything went flying including the ladies and
children below in the cabin. Noone was hurt and we kept a closer eye on
the wind afterwards. This showed, though, what a good job the ladies did
on our sails.

Another time we started sailing early in the year and put into
Yineyard Haven and tied up at the public dock behind a magnificent 45 foot
yacht. Vine and 1 were working on the boat as we hadn’t yet completed
getting her ready for the new season. Adelaide came on deck from the
cabin, followed by her daughter. Soon afterwards, Dottie and Sandy came
on deck, followed by Nubie, our dog. The man on the yacht hotlered over
and asked how many more we had on board? We answered only two babies. He
then 1nvited us on board for a drink and regaled us with stories of his
early days of sailing, and told us he envied us because he thought we
were having more fun than he was.

Another time we set sail for Nantucket and the fog settled in when
we were abreast of Vineyard Haven. In war time, you were supposed to come
to anchor tn a fog, so that traffic monitors could detect any enemy
activity on the coastal waters. This was shortly after a German U-boat had
landed three men on Long Island to set up a spy operation. They were
qutckly caught, but the fog rules resulted. We ignored them and sailed all
the way to the entrance to Nantucket harbor. We were unsure how close we
were, but the fog 1ifted when we were one mile before hitting the
breackwater for the harbor. We took evasive action, and entered the harbor
and anchored. Then the fog descended again. The Coast Guard did not bother
us, although they must have known that we had been moving in the fog. The
next day, when we left, the weather was fine and a steady wind was
blowing. We set course for the sea buoy off of Vineyard Haven and lashed
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the sall and rudder in ptace. It was about fifteen miles and about three
hours sailing to the buoy, and while we were only about 10@ yards from the
buoy, Vine and I were still uncertain which side of 1t we would pass. We
were never agble to do as well again.

Sometimes we would go to some beach as Gay Head and want to ancher
the boat and have a picnic on shore. We devised a method of doing that
without having to have someone swim ashore. We would drop the anchor at a
safe distance offshore, feeding the anchor rode through the anchor ring,
but not tying 1t. We would then pay out the anchor rode through the anchor
ring until we could beach the boat. We’d then unload the people and the
food on the beach, push the boat off and let out anchor line until the
boat was riding well off the beach in deep water. we’d then drive in a
stake in the beach and tie the anchor line to it. When we were done, we'’d
pull 1in the anchor line pulling the boat up to the anchor. By continuing
to pull on the line the anchor would be pulled off the bottom until it was
just dragging on bottom and we could pull the boat to the beach and load
up again. Stan Poole, who had taught me almost all I knew about
seamanship, chided me for anchoring our boat offshore and everybody going
ashore. When I told him how we were doing it, he allowed he had never
thought of doing it that way but he must have taught us well.

The winter seemed too long in 1942 (I think it was) so we decided to
put on the “Oceanographtc Follies” in February. This was a series of
vaudeville acts. Some of the girls sang quite well, some people danced and
so on. I read “The Shooting of Dan McGrew” and a bunch of my friends
with suitable costumes and makeup acted out the parts in pantomime behind
me on the stage. We all had a lot of fun doing it and we invited all of
the WHOI people and all the townspeople to attend. There was no fee. I
suspect the townies thought we were altl 1diots, but it helped break up
their winter too.

One August we decided to put on a regular clam-baoke. George
Woollard organized it. He got a group of us to go over in the morning and
dig a hole in the beach near Vine’s house. We then lined it with stone,
and built a fire in it. The fire was tended until 2 p.m. when it was
allowed to burn down. Then we put in corn, clams and lobsters, covered it
with large leaves and sand. At six we went to the beach en mass and had
drinks. At seven we decided to eat and opened our pit. The corn was the
only thing cooked. We were all hungry, so we got big pots and boiled the
clams and lobsters. Although too late, all the food was good. Some of the
peopte by that time could not tell whether it was or not. Then we sat
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around and tatked and sang until midnight, when it broke up. The next
morning three of us had to go over and clear up all the garbage, and
refill the hole. As a clam bake it wos a farce, but as a break in our
routine, it was a great success.

In 1945, we again felt the winter was getting too long and so we
decided we needed another “Oceanographic Follies”. Again it was a series
of vaudeville acts, mostly singing and dancing. There were about ten acts
and George Woollard, in tuxedo, acted as Master of Ceremonies introducing
the acts with a humorous introduction. While George was holding forth, 1
came on the stage and propped a door against the stage curtain and stood
behind him swinging an axe back and forth. Just before the last act I took
a crayon and drew a hook on the glass panel of the door and hung my coat
on the hook and walked off the stage. Of course I had a suction cup on the
inside of the collar to help me. This was also to remind everyone of the
incident of my chopping down Stan Eldridge’s tool cabinet door. I was also
in a skit that Chuck Bodman put on. He had a dummy on a rolling table and
operated on the dummy with shop tools all the time calling the dummy Joe
Worzel. I was on the bottom shelf of the table hidden from the audience by
a sheet. Towards the end of the skit, I opened the sheet and took picture
of the audience from my perch.

I was also in the closing chorus. It consisted of about eight
fellows singing sea shanties. Most of the fellows were dressed as
fishermen. George Woollard was dressed in a sheet, like, a man in a boock
he had recently found which made a farce of scientific expeditions to a
South Sea Island complete with dusky maidens dressed in grass skirts. Dot
Ryder had received a grass Skirt and bra for her oldest daughter, about 12
years old , from her husband who was serving in the Navy in the Pacific.
Gecrge prevailed on me to wear these, even though they were too small. We
spliced some additional material in back so I could fasten them in place.
I inserted two grapefruit in an appropriate place to make it authentic.
During our chorus, one of the grapefruit started to escape, I reached up
to replace it, and George reached over to heip me. This brought down the
house, Honest, we hadn’t rehearsed that!

1 had received the nickname of Joe at Lehigh. There was a song about
1937 that went as follows “Khat do you know Joe. Don’ know nothin” and so
on. Somehow it took the campus by storm and everybody called everybody
else Joe. Even a lot of professors were Joe. It eventually died out and
everyone returned back to their proper name but me. I guess Lamar was too
hard for most people to remember. Anyway, I continued to be called Joe,
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and I was Joe Worzel for the rest of my professional life. Only after I
retired to Boiling Spring Lakes and my sister refused to call me Joe and
called me Lamar, did I return to my own name. Friends from my professional
years still call me Joe. In several books published by colleagues I was
called Joseph Worzel, although the J. 1n my name stood for John,

In the spring of 1946, Ewing, Vine, Woolard and I wrote a proposal
to the Geological Society of America requesting a $47,75@ grant to do
shallow water seismic lines off Barnegat Bay and, and Cape May New Jersey,
to develop the deep sea seismic method which had been interrupted by the
war, and to make submarine gravity measurement along them and the Cape
Henry, and Woods Hole 1ines where the first shallow water seismic work had
been done before the war. We were granted $10,050 for shallow seismic,
$16,45@ to develop deep sea seismic refraction, and $6,000 for gravity
measurements. This was the largest grant that GSA had made up to that
date. They had the money, because they had not made any grants during the
war years. We believed that we were returning to a prewar status for doing
scientific research.

Doc came to Woods Hole in June 1946, bringing Frank Press, and
Nelson Steenland as graduate students to do summer research. They had
signed on at Columbia gs graduate students working with Doc. Frank Press
had just married Billie. Dorothy and I owned a hose we had bought on
Millfield Street. We lived in the front house and rented a room to the
Presses. Our back apartment was rented to Paul Smith and his wife.

Doc had arranged to borrow the P446 and crew from the air force. It
was an air-sea rescue boat which could make about 3@ knots. We arranged to
use the Balanus from WHOII, which made 8 knots. Balanus became our shot
boat for Shallow Seismic Refraction Work, and P 446 became our recording
boat. Frank and Doc were on P 446, and Nelson and I were on Balanuus. Doc
was tied up with Columbus when we were finally equipped to go to sea, so
we went out to the mouth of Vineyard Sound to test out our gear, recently
installed. We fired about a dozen shots at ranges of 1 to 1@ miles. Frank
radiced that we received good water waves, but no ground waves. We
rendezvoused and Nelson and I went over to the P 446 to look at the
records. I had had the most experience with sound transmission at that
time. When I saw the records, 1 convinced the others that our geophone
Just had no sensitivity for low frequency waves, because the springs were
too stiff. We returned to Woods Hole, We opened the geophone, removed the
stiff springs, and replaced them with softer ones. The next day we went
out again and were able to shoot a refraction profile, The softer springs
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recorded the ground waves well.

We returned to Woods Hole, and the next day Doc joined us and we
started for Cape May. We left one day before the others, because of their
superior speed.Throughout our campaign, we would start for our next
station, the P 446 would wait several hours and start for the station,
passing us on the way. They were always there before we were. During our
first station, the Balanus began to leak quite badly, The Captain
radioed Woods Hole saying our explosives had damoaged the vessel. We were
instructed to go to a shipyard in the New York area to determine the
trouble and fix 1t. When we were hauled out, they found a knot that had
dried out so that 1t no longer was fast in one of the bottom boards.
When it was in its proper orientation, the water pressure held it in place
enough to reduce leakage to a nominal amount. The explosion work had
caused the knot to lodge cross wise in 1ts hole. In that position it
caused a large leak. This hole was properly sealed off and we had no
more trouble with it. The captain and I had a discussion about the damage
done by explosions near a ship for the rest of the time that we shot the
Barngat bay and Cape May lines. He insisted that I make sure that we were
further away from shots thereafter. It was unnecessary, but we did it
anyway .

For part of the time Dick Edwards joined us on Balanus. We had
built racks across the width of Balanus to handle depth charges since they
weighed 450 1bs. That was 3@@ pounds of explosive, and 150 pounds of case,
arming mechanism, and firing mechanism. We could roll the depth charges
off the racks when we needed them. We, however carried about six more than
the racks could carry, and they were lashed end up to the bulwarks. When
we had exhausted our racks, we had to find a way to put the spares on the
racks. Dick, who was quite strong, said, “let’s just pick them up and set
them on the racks”. I said they were too heavy, but he convinced me we
should give it a try. Dick and I rolled the spares near the racks, and
lifted them into the racks. I just wasn’t going to let Dick best me. About
a year later, Dick joined us as a graduate student. He never finished his
graduate work. I suspect it was for financial reasons.

During the summer of 1946 we completed, the Cape May, New York. and
Woods Hole seismic profiles. These essentially extended the Cape May,
Barnegat Bay land profiles across the continental shelf and about 100
miles beyond the edge of the shelf. In addition we shot the Woods Hole
profile from the mouth of Vineyard Sound across the continental shelf and
190 miles beyond the shelf break. The explosives for this work was
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supplied by the Navy from excess war explosive supplies. With the Cape
Henry profile that Ewing and Crary had shot in 1935 this made four
profiles from the Fall Line of the coagstal plain to 100 miles beyond the
continental shelf break

The Columbia years

In mid September, we packed up all of our equipment and moved to New
York where I had registered in graduate school. My salary at Woods Hole
was terminated. That was all the help that I received. I considered that
Columbus had reneged on the promises he had made to keep my salary low,
throughout the war.

My father had bought a house called the Gingerbread House at Lake
Mohawk and I moved my family, Dorothy, Sandy, and Howard in it for the
winter. My father claimed that he got as much rent for it in summertime,
as he would if he rented it out all year long, so he made it available
rent free. I rented a room in the dormitory at Columbia where I stayed
during the week, returning to Lake Mohawk for the weekends. My savings
from the war years were now called upon. Nelson Steenland had not found
any place for his family, so Dorothy and I made room for them in the
Gingerbread house. We left one of our cars with the families, and we took
the other one to New York each week. Nelson, too acquired a dormitory room
at Caolumbia. This was a little crowded, but we got along all right.

There were many G.I.’s like Steenland having trouble finding living
arrangements while going to school in the New York area, so they arranged
the barracks at Camp Shanks, the port of New York embarkation center for
troops moving overseas during WNII, as minimal living quarters for GI’s
attending Colleges and Universities in the New York area. Steenlands
acquired one of these from the fall of 1947 until he finished his graduate
work in 1949. Somehow Doc arranged to obtain cne of these apartments for
Angelo Ludas and family also. Angelo was not a GI, but he had worked on
the Manhattan Project at Columbia during the war.

Doc had been given two rooms in Schermerhorn Extension for his work
until modifications could be made in Schermerhorn Hall for a suite of
rooms, five of them with a dark room and two storage closets across the
hall, for his permanent quarters. We got quite crowded since Rene
Brilliant, Bill Donn, Gordon Homilton, and Ivan Tolstoi had joined
Steenland, Press, and I as his graduate students.

There soon were lists of excess government equipment circulating in
the Universities. From one of these I requested a group of old Loran and
Radar sets. These were not in working order,but we had the idea that
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research would return to the prewar routine of little money available for
research. I knew that electronic gear, which had become common working
equipment, would also be a major part of our research. Since we had had
constderable difficulty getting ports before, I thought these discarded
electronics items would furnish us with many resistors, condensers, and
many other parts which we would need. These were piled into a corner of
one of our rooms. We had three Russian visitors come to visit Ewing. He
had a meeting to attend, s0 I was assigned to show them some of our work
and explain what we plonned. While in the room with the Radars and Lorans,
one of them asked what we planned to do with them. I said we had got them
so we would have a stock of spare parts. They said “Ne understand” in g
tone that made it clear they didn’t believe me. Later they again pointed
to these units and asked what we were going to do with them. I gave them
the same answer as before. Again they satd “We understand” with doubt in
their voice. I suppose they believed that we were going to attempt to use
Loran in geophysical exploration.

Our new quarters were finally ready in he early spring and we gladly
and quickly moved into them. One room was filled with desks, from
government surplus, and become the graduate student study area. One Room
was divided by a partition and became Doc’s office with the outside for
his secretary. The next room, a very large one became the laboratory where
all of our equipment was kept and where experiments could be carried out.
There was a small room that had been hollowed out of the Manhattan Schist,
that underlay this ground floor, that could be reached by a trap door in
the floor. We planned to make earthquake seismic observations in it. Two
of the rooms were set aside for a machine shop. We hod become so
accustomed to build instruments during the war, that we could not conceive
of doing research without a shop.

Soon Angelo Ludas was hired as our shop foreman (and total work
force) to equip the shop. He made good use of the lists of government
surplus and equipped our shop with a big Monarch Lathe, a small West Bend
Lathe, a large boring machine, a drill press, and a milling machine. He
also stocked up with many hand tools and accessories for the main
machines. He was even able to acquire a good supply of metal stocks. We
talked Woods Hole out of one of the 16 inch naval shells we had acquired
while we were still there. Angelo and I installed this in the floor of
one of the shop rooms, and Ange built a vertical cylinder to become an oil
separator, next to it. We bought a hydraulic pump and a sears pump jack
which we installed to pump oil into the top of the separator, pushing
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water out of the bottom of the separator into the shell. Thus, we had a
pressure vessel for testing deep sea equipment. This was a big improvement
over our earlier cnes which pumped oil directly into the shell. That made
testing a very messy business as the oll emulsified in the shell and
covered everything in tt with a slick coating of o1l and water. Cur new
one only had water in the shell, and our testing was a lot easier and
cleaner.

Our seismic vault was not a success as the traffic on Amsterdam
Avenue, and the swaying of Schermerhorn Hall in the wind, about an eight
story building, cregted too much noise on our instruments. We could do
some things in it, but not most of the sensitive things we wanted to do.

We had now acquired a couple of more grad students, and the lab
became cluttered with various equipment and experiments, both ongoing and
finished. Finally all the grad students got together and agreed to spend
Friday afterncons cleaning up the lab and dark room. One Friday we decided
to remove one of the shop doors that was getting in the way. We removed
the pins, and I put my hand under the door to hold it off the floor. It
was an all metal door and too heavy to hold. I tried to remove my hand but
was not quick enough, and the meaty end of my finger was sliced off. I
went to the dispensary for repairs and I was admonished to go back to my
dorm and rest. Instead I went back to the lab to work. About a half hour
later we were moving a rack of shelves which just touched one of the
fluorescent lights overhead. It had frosted glass light dispersers on
them. One of these broke and fell slicing a gash in my forehead just above
my eye. Again I went back to the dispensary for repairs. I also got a
lecture. The lecture didn’t do any good, as I went back to work, A few
days later all the frosted glass light dispensers were replaced with
plastic ones. I guess the accident did at least some good.

We moved all of our gear to Woods Hole as soon as classes were over
in the summer of 1947. Wuenschel had joined our group by that time. Doc
and I had arranged a cruise on the submarine USS Tusk. Doc trained
Wuenschel, Hamilton and I in the use of the pendulum apparatus on that
cruise which took place in June and early July. That summer we got a
contract with ONR (Office of Naval Research) to make gravity observations
on submarines . Doc asked me if I wanted to run it as it could give me a
salary while going to grad school. I accepted forthwith. I arranged for a
cruise on USS Conger in the early fall and Wuenschel made a number of
crossings of the Peru- Chile trench. I arranged another cruise from
Panama crossing the continental margin along the northern margin of South
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America. When we got to Panama we found the squadron commander had changed
the boat from the one that had been assigned to the USS Conger. The
skipper was not too happy with this, as he felt they had dlready missed
out on training exercises the other boats had participated in, which gave
them an edge on advancement. Nevertheless Hamilton went on Conger and made
the observations.

Doc arranged a one month cruise on Atlantis with the rest of the
students while we were engaged 1n the submarine operations. In the fall
we loaded up all of our gear and returned to Columbia. I persuaded Chuck
Drake to go on a submarine cruise with me in early 1948 assuring him
support for graduate school afterwards. After the training cruise on USS
Argonaut he went on a long cruise in the Pacific on USS Capitaine,
completing the trip in December.

During the summer of 1948 Doc took most of the rest of the grad
students to the Mid-Atlantic Ridge on a cruise funded by the National
Geographic. He planned to take extensive soundings on that cruise. The
Submarine Signal Sounder of that time had a rotary arm with a stylus that
could record either on a scale of 200 fathoms, or 200@ fathoms. Since
there would be considerable depths in excess of 2000 fathoms along the
way, he asked the electronics shop to modify the sounder to record at
least to 300@ fms. After about a month, they came back and said there was
no way to do tt. Doc called me in and asked me to give it a try. I found
that the outgoing signal was triggered by a micro-switch as the arm passed
the @ depth on the scale. I found a way to mount another micro-switch at a
position of the arm that was just 2008 fms earlier than the normal one.
With a toggle switch then you could record etther on the @ to 2000 fm.
scale, or the 2000 to 4000 fm. scale. This modification was quickly copied
within the oceanographic community. The Bureau of Ships even printed the
directions on one of their general charts for general Navy use, even
though equipment modifications were forbidden by the Bureau of Ships.

Doc planned to take ocean bottom cores adapting the Stetson Corer to
use the technique the Swedes had just developed. This used a piston inside
the corer that was maintained at the bottom surface while the corer
pressed into the bottom. Thus, if the sediment tended to stick to the
corer wall, a vacuum was created between the sediment and the piston, and
the sea pressure overcame the wall friction and moved the sediment to the
piston leaving room for more core. This made it possible to take cores
longer than the ten feet that had previously been the maximum length. With
our version of this gear we took cores, over the years, of 20 to 6@ ft. in
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length, depending on the hardness and stickiness of the sediments. To use
this technique, the core was released by a trigger about 30 feet above the
bottom, and the lowering of the winch had to be stopped immediately. Doc
was worried that it would be difficult to tell when they were nearing the
bottom, so he asked me to develop o sounding device that would gtve him
ample warning. He developed this concern just two weeks before sailing. I
got the shop at WHOI to build a pressure case, while I put together an
oscillator that used a strobotron tube to send out sound signals with a
chotce of 1 or five second intervals. The idea was to listen to my pinger
as the corer approached the bottom. On the ships sounder the signal that
started upwards would be recorded followed by the signal which had echoed
from the bottom. These signals would get closer as the bottom got closer.
By this method the approach to bottom could be controlled. I could not get
everything completed before sailing, so I explained to one of the students
how to finish it. Later I found out that it had never been used. The
student was kept too busy to complete the sounder by the time they were
ready to take a core. They found they could detect the bottom contact with
the tension meter on the winch, so my device was never completed.

On that cruise they found a trough in the crest of the ridge on
several crossings, and discovered a fault transverse to the ridge. They
took many underwater pictures.

The National Geographic[ Society was pleased with the results of the
cruise, except for one thing. They had asked Doc to taoke pictures of the
people operating the various equipment. Since most of the gear was going
over the side of the ship, most of the pictures prominently showed mostly
fannies. This was not up to the NGS standards.

Doc was pleased with the soundings, but found several features that
needed to improve. One was the distortion because the soundings were made
on the circular path of the rotating arm. These would have to be made on a
vertical rectilinear path to make a really good record. On the records
just taken, all of the soundings had to be read off the record and
replotted, since the soundings near 2000 fms would vary back and forth,
the switching of the fathometer from one scale to the other was tedious
and sometimes even difficult. He wanted this to be automatic and in some
way not to have to be repeatedly shifting when the soundings were near the
transfer depth. They also found that the echo timing was controlled by the
frequency fed to the sounder. Since this frequency was from a generator in
the engine room which wandered depending on the electrical load. The
engineers would correct the frequency from time to time. When they were
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busy, this was neglected for various periods of time. He got King Couper
at the Bureau of Ships to have a sounder made with a rectilinear recording
system designed. This qas adopted by the Navy. This system also could
record over the full range of depths of the ocean, 6020 fathoms. By having
successive depth ranges that had overlaps, the rapid switching back and
forth at the depth where the scales changed was avoided. Somehow they
decided to change to 12 kilohertz from the 20 kilohertz formerly used.

When Doc had decided to take ocean bottom cores, Columbus cautioned
him not to take tooc many as 1t was so expensive to analyze them. Doc
responded that he would quit when two cores were just alike. This never
happened and Doc started a regime of taking frequent cores in all our sea
work. We avoided the overwhelming expenses by using the cores as a
resource for particular studies, that someone was personally interested
in, rather than to try to study everything possible from each core. This
was the start of the core library we established later at lLamont, and
continues to this day. The cores have been studied repeatedly as each new
1dea or technique evolved. At least one core has been completely
used up by this repeated sampling from it. Sctentists from all over the
world have come or sent for samples from individual cores.

The Stetson corer was hard to use, The wire rope from the ship ended
at the core release. A second wire rope was attached to the core release
which went to the piston inside the corer. This wire had to be changed
each time you wonted to change the free fall of the corer, or the length
of the core pipe. Doc asked Angelo to design a way that the wire rope from
the ship could pass through the core release, attaching the core release
to it, and allowing the appropriate length of the wire rope for the core
length, and the free fall distance so that tt could be attached directly
to the piston. Attaching the release to the wire rope with a wire rope
clamp would cause a kink in the wire rope because of the 1@€@ pound weight
of the corer. Ange came to me and asked for help to design a method of
attaching the core release to the wire without causing a crimp. I
suggested using a device similar to parallel rules used in navigation. If
the wire rope were constrained within the two parallel bars, and the corer
were attached to one of the bars the weight of the corer could be
distributed over whatever length you wanted to make the parallel bars. The
more weight applied to one bar the harder the parallel bars would clamp
on the wire rope. By distributing the weight to the length of the bars
would prevent crimping the wire rope. Ange took this idea and constructed
the release to have a parallel bar arrangement through which the wire rope
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could pass.

When in use, the wire rope was passed through the gripper- relegse
directly to the piston inside the core tube. Whatever amount of wire rope
you needed to reach bottom could be teft between the release and the
piston., When it hit bottom, the release would let the corer drop, the
winch was stopped, the corer would free-fall to the bottom. If you
calculated correctly, the piston would be arrested at the bottom and the
corer would continue into the bottom. The corer would pass by the piston
as 1t took a core, until the outside friction on the core tube stopped
penetration. If the core on the inside of the core tube stuck to the wall
1t would create a vacuum, above the sediment and the sediment would be
maintained at the piston by the outside pressure, thus allowing rcom for
additional care at the bottom off the tube. When the wire rope was
recovered at the ship,a stop was made when the release reached the ship,
the release was lifted releasing its grip on the wire rope. The release
was supported from the ship, and the wire rope was pulled up through it
until the core reached the ship. This made the coring easy. The only
difficult part was to watch the tension gauge to detect when the release
freed the weight of the corer from the wire rope. After some experience we
became quite expert at that task.

In the summer of 1948, the Atlantis could not be made available to
us so we chartered the Kevin Moran and Doc took must of the grad students
back to the ridge., They had the new core rig to use and they were able to
take some explosives to attempt to take seismic reflection records. Once
an hour they took an explosive reflection record. At the end of the cruise
they could no find any way to interpret the reflection records as all the
sub-bottom reflectors were at different places. It was decided that the
bottom reflectors varied too much in the hour between records. The
National Geographic Society sent out a photographer to photograph the
operations. They were much more satisfied with the results than from the
previous year,

They made a thorough examination of the fracture zone across the
ridge, that had been discovered the previous year. There could be no doubt
that it was a fault crossing the ridge. Photographs of the valley in the
peak of the ridge showed an abundance of pillow lava. The abundance of
animal life on the bottom was evident in the photos of the ridge as well
as in the basin crossings on the trip to the ridge and back.

Sand layers were found in some cores. Some sand had been found in a
dredge on Challenger expedition, but since it was thought that sand
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could not be transported to the ocean basins, 1t was thought that it must
have been left from a previous shallow water use of the dredge, 1.e. the
dredge hadn’t been cleaned well enough. This excuse could not be used in
this case, and there was a problem. How did sand get to the bottom of an
ocean basin?

While they were gone to the ridge, I continued arranging and
staffing gravity cruises on submarines. I was also busy setting up the
computation technique for the reduction of the gravity data. This
required 84 computations and thirty readings from the records. Doc had
signed on two graduate students, Heezen and Northrop, too late to make the
ridge cruise. They were left to me to arrange cruises for them to
photograph the bottom along the continental shelf. I arranged to use the
Asterias, a thirty foot motor launch belonging to WHOI for this purpose.
They did a good job and extensive coverage of the continental shelf was
acquired.

There 1s little about the school year that sticks out in my memory
except the annual Christmas party. All of the graduate department students
got together to set the format of the party. It was decided to make it
like a scientific society meeting with each group of students presenting a
paper, to be humorous, in their area of specialization. These were also
supposed to make gentle fun of each principal professor. At the end, there
was to be a presentation of a funny present from each group to their
principal professor. At that time, there had appeared the results of a
study showing that pigeons navigated with help from the magnetic field.
Our group of students got together and wrote a paper that purported that
Dr. Ewing obtained pigeons and trained them to fly around particular
magnetic anomalies. He was supposed to have them trained to fly round and
round each anomaly. In that way, the anomaly would be marked out by a
circle of white on the ground. A well drilling rig would be brought in and
set up to drill on the target.

For the present, we caught a pigeon, enclosed it in a shoe box, and
wrapped 1t up just before the party. Hhen Doc opened the box, the pigeon
flew out and perched on a protuberance near one top corner of the room.
Everyone in the room was startled by the pigeons flight and the wing
noise! We had anticipated this result and had tied a long piece of ribbon
to cne leg, so that we could recover the pigeon and release him. Press,
Steenland, and I had caught the pigeon on the campus where they were
numerous. Nevertheless, the pigeons were wary and it took us a number of
tries to capture one. People passing on the campus gave us our share (for
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at least a year) of dirty looks.

We had applied for and received a grant from ONR to make seismic
refraction measurements on the continental shelf, to extend our previous
work. Doc was away, I don’t remember where, but he had arranged for Press
and I to take the other graduate students out on Atlantis for our 1949
cruise. We made seismic refraction measurements off Nova Scotia, and the
Grand Banks. When we attempted to take a deep sea core, we were thwarted
by the winch wire rope. It was too short. WHOI knew we wanted to take
more cores, but had not told us about the short wire rope. Unhappily we
had to content ourselves with ocean bottom photographs.

In 1948 Doc and I were asked to set up a Sofar research station.
¥e could not use the station at Eleuthera, that we had abandoned with the
termination of war research. It had been returned to its owners who
wanted to set up a tourist operation on the grounds. Anyway, in peace-
time, getting to Eleuthera would be difficult and expensive. We decided
that Bermuda would be easy to reach.

In February we got an opportunity to use Atlantis and Caryn on a
two ship operation. We decided to attempt a deep sea refraction
measurement from the sea surface, using some of the techniques we had
learned during the war. Doc couldn't go, so I was made chief scientist on
Atlantis with Hamilton to assist. Hersey was made chief scientist on
Caryn with Press to assist. When we reached deep water, Caryn deployed a
couple of hydrophones and Atlantis started away firing charges. Things
were going quite well, when the weather changed and a storm hit us. Caryn
was blown downwind under bare poles. Her engines were not strong enough
to keep her headed into the stormy seas. We followed keeping track of
Caryn with our radar. It was tough, but we were all worried about the
safety of Caryn and extraordinary efforts to keep track of her on the
radar succeeded. The radar we had in those days was pretty rudimentary.
Eventually the storm passed, and we set up again to attempt the refraction
measurements. Caryn again set up to receive the scunds, and we on Atlantis
moved away firing various size charges as the range opened to 35 miles.,
The largest charges were depth charges, 3@@ pounds of TNT. Then Caryn
moved toward our final shot position and set up again to receive the
sounds. We, on Atlantis moved out, firing, on the reciprocal course to
the one we had followed previously.

Again, the charge size varied as the distance tncreased until we
felt the charges were not big enough for recording ground waves. This
turned out to be the first reversed deep sea refraction station completed
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in the deep ocean. At 1ts completion, Caryn returned to Woods Hole, and
Atlantis went into Bermuda to receive a new complement of scientists to

continue its research cruise. This was the prototype reversed refraction
seismic station which became our primary objective ot sea for many years.

Hom and I stoyed in Bermuda a few days looking over the various
locations that were available, near to deep water, where we might set up g
Sofar station. Dressed in our work clothes, on our last day in Bermuda,
we returned to the Bermuda Biotogical Station where we had been staying.
We found J1.W. Smith, the ONR representative who was pushing the Sofar
project and a couple of U.S. Navy Captains waiting for us. They wanted to
know what we had found. We went out on the porch, unrolled our chart of
the area and placed 1t on the table. The wind started blowing the chart,
so I placed an ashtray on one corner, and pulled out my sheath knife that
I always carried while working, and threw it on the table to keep a
second corner down. We showed them where all the locations we had looked
at were on the chart, and discussed the pros and cons of each. We
indicated the one we thought was best for our purpose.

When we returned to New York we found out that the story was being
passed around Washington that when an important ONR committee had visited
us 1n Bermuda, the chart that we were using started to billow, this man,
who looked like a pirate, pulled out a knife and pinned the chart to the
table.

Nevertheless, our choice was taken and Ham went to Bermuda to set up
the Sofar station. The former St. David's Lighthouse became the primary
building of the Sofar station. By the end of 1949, Ham had a group in
Bermuda who had set up a laboratory, established a geophone at 802 fathoms
connected to the lab at St. David's. Before setting the geophone, Ham
heard of a superior hydrophone which had been developed at the Naval
Research Laboratory (NRL). W®When he went to inquire about it he found it
required about twenty vacuum tubes right near to the hydrophone to obtain
excellent low frequency response. He told the NRL representative, that
Dr. Ewing would never allow such a device to be placed on the ocean bottom
because of the high probability of its early failure. The NRL man said,
"Oh well, all those old-fashioned guys would soon die off". The equipment
we installed was still working when the station was finally abandoned
about 1999.

Ham 1mmediately started monitoring all the ocean sounds and
started setting up various experiments at the station. Outside of whale
calls and earthquakes, the interference from natural sounds was minimat.

110



By the summer of 1948 we were getting too big for our quarters. We
still were adding graduate students and our lab space was inadequate. We
requested more space without success. We, in desperation, designed a new
building we thought could be built on the lower campus, between
Schermerhorn Extension and the power house. About then, Or. Ewing
received an inquiry from MIT (Massachusetts Institute of Technology) about
whether he would be willing to come there and establish a geophysics
operation, bringing all of his students with him. Dr. Ewing agreed to
make a trip to MIT to discuss it with them . He went to MIT and took with
him four senior graduate students. The ones he took took were Frank
Press, Nelson Steenland, Gordon Hamilton , and myself, They showed us
around the Geology Department, discussed with us how we would fit in as an
appendage of the Geology Department, and then sent us down to see the
Hetty Green Estate. A few years previously they had acquired it as a
gift. It was located near New Bedford on Buzzards Bay. They were then
only using it for the Van der Graf Generator experiments. There was plenty
of room on the estate and we were assured that necessary buildings and a
pier on Buzzards Bay could be built where we could dock vessels as
required. The only problem was that it was about 6@ miles from the Boston
Campus. It would involve lots of travel between Boston and New Bedford as
the educational part of the work would have to take place in Boston and
the research part would have to take place on the Hetty Green estate.

When we returned to Columbia, President Eisenhower, who was
President of the University and Professor Kerr, who was the Chairman of
the Department of the Geology, had a talk with Dr. Ewing. They countered
MIT's proposal by offering the Lamont Estate in Palisades, N.Y. Columbia
would accept the gift of the Lamont Estate, which would provide plenty of
space for our group, if the Geology Department would raise enough money to
operate 1t for at least three years. It was to be understood that it could
not become a financial burden to the University. It was estimated that it
would require $100,000 for those first three years. Paul Kerr persuaded
five mining companies to provide $20,000 apiece to establish the Lamont
Geological Observatory.

When we went to the Lamont Estate to look at it, we found that it
consisted of nearly 120 acres of land on the top of the Palisades
overlooking the Hudson River. Most of it was in New York, but about ten
acres extended into New Jersey. It was about 20 miles from the Columbia
Campus. At that time it was still furnished as the Lamont's had lived in
tt. It was lavishly furnished with furniture. Most of the rooms had
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fireplaces with marvelous marble facades, and the dining room had a
magnificent chandelier of crystal. The living room later became our
seminar room, the dining room our core laboratory, the kitchen complex,
our geochemistry function, and the bedrooms on the second and third floors
became offices for the scientific staff, our business office 1n the front
hall.

Dr. Ewing convened the four of us and put the question "should we
accept the offer of MIT or remain at Columbia with the Lamont Estate for
our laboratory operations?™ We debated the difficulties of operating our
research from the base 6@ miles from cur educational operations in Boston
at MIT, with the difficulties of using the Lamont Estate only 2@ miles
from the Columbia Campus. In addition the MIT offer would require to
uproot all of our activities and equipment and move to the Bostcn area.
It appeared that MIT would offer more support from the University than we
could expect at Columbia. Finally Doc put it to a vote and it was
unanimously agreed that we should stay at Columbia and use the Lamont
Estate.

The Lamont Geological Observatory years,

In December 1949 President Eisenhower received the deed of the
Lamont property from Mrs. Lamont. Shortly afterwards, Frank Press and I
set up a seismometer on the floor of the empty swimming pool which had
been carved out of the Palisades diabase. There was a crack in the pool so
that 1t would no longer hold water. On our return, a few days later we
found a notice pinned to the door stating that the place was not zoned for
work and that all work on the place must cease. This led to several town
meetings. The problem was that they expected us to bring in a number of
school age children and the local school felt they would have financial
difficulty in accommodating them, especially since the Lamont Estate had
been the major taxpayer in the town of Palisades, N.Y.

Columbia University being tax exempt would place a big burden on
this small school unit. A compromise was made for us to pay $20,000 a year
in lieu of taxes and we got our work permit. We knew we could have
prevailed in court without any payment, but it seemed reasonable to pay as
we expected to have 8 or 10 students to add to the local school. It is
Interesting that in about 1975, when Lamont-Doherty had only a couple of
students in the school the town decided this payment was no longer
adequate and 1t should be increased significantly. This time Columbia went
to court and the town not only did not get an increase, it received no
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payment !

As soon as possible Doc moved on to the grounds in the former
gardener’'s cottage. I left the dorm and started sleeping on the third
floor of Lamont Hall. The Lamont's had removed almost all of the
furniture, and the fancy fireplace facades replacing them with simple
slate facades. After my kids completed their school terms in Sparta, our
family moved into the two guest rooms adjoining the swimming pool.

Dave Ericsson moved into one of the bedrooms and Mrs. Smith, who
stayed on, gave him his breakfast. Dave turned the dining room into the
core laboratory. Larry Kulp set up the geochemistry lab, which at that
time was mostly carbon 14 dating, in the kitchen complex. Doc soon moved
his office into the former second floor sitting room with his secretary
adjacent in what had been Mrs. Lamont's bedroom, Doc set up a workroom for
his charts and overflow from his office in Mr. Lamont's bedroom. Most of
the grad students moved into the bedrooms on the second and third floor.

The grounds superintendent had stayed on, but he was drunk most of
the time, so we had to let him go. He stayed in the area awhile because
he knew we would have to shut off the water for the grounds for the
winter. He thought we would have to rehire him as he was the only one who
knew where the shutoff valves were. However we fooled him. I had found
ptans of the estate including all of the water system, which had the
shutoff valve locations on them. We were able to take care of the water
system without help. I had moved my family into the barn helpers house on
the hill east of the present machine shop before cold weather set in. This
gave us more room, but we were still cramped. The Presses moved into the
cottage that had been the barn keepers. When we got rid of the grounds
man, I was allowed to move my family into the house he had lived in,
across the courtyard from Dr. Ewing and family, and Angelo Ludas moved
into the house on the hill.

In the 194@'s SubDevGru 2 (Submarine Development Group 2) was
formed by the U.S. Navy to establish the means for our submarines to
attack enemy submarines. A similar group was also set up in the Pacific.

In February 1950, Capt. Roy Benson, ComSubGru 2, called a meeting
inviting people who had an active part in underwater sound research during
WNII to attend. About 5@ people from government laboratories, civilian
laboratories, such as Woods Hole Oceanographic Institution, and people who
had left these laboratories for the academic world, attended.

At that time, I had just received my Ph. D degree at Columbia
University. Dr. Ewing and I were invited. Dr. Ewing was unable to attend,
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but I did.

The meeting was held for two days at the New London Submarine Base.
Capt. Roy Benson started the meeting by explaining that CNO (Chief of
Naval Operations) had set up the development groups as Submarine Hunter
Killer groups. SubDevGru 2 had been operating for about g year and had
concentrated on the means to destroy the enemy submarines. Satisfied that
1f they could find an enemy submarine they could destroy it, they were now
concerned about locating enemy submarines operating at sea, mostly in deep
water. The techniques used in WKII, not by then much advanced, could only
locate a submarine at ranges of the order of 2 miles or less. This would
be unsatisfactory for a hunter killer group, and they were searching for
any way to increase these ranges signmificantly. He asked the participants
for help.

For the rest of the two days various people spoke on their ideas
on this subject. There was one interruption of about an hour to take the
group on board a fleet type submarine, attached to SubGru 2, since many in
attendance had never been aboard a submartne. This happened to be a very
chilly day in late winter. I was familiar with fleet type submarines,
since my graduate students and 1 had been using them for making gravity
measurements at sea for about 3 years. I realized what a flail 1t would
be to remove coats and store them, and later recover them. I decided to
make the 1@ minute walk outside without my overcoat. This was noted by the
staff of SubDevGru 2 and other participants, and I later learned that
there had been a number of comments about that crazy guy from Columbia
University.

As the meeting was drawing to a close, Captain Benson got up and
said that he had heard from everybody in the room but me and he wondered
what I had to say. I responded that all I had heard at the meeting seemed
to me as 1f all the suggestions together might increase the detection
ranges by 10 to 20%, but would not be enough for the desired purpose. I
then continued that Dr. Ewing and I had written a paper during WNII
pointing out that low frequency sound traveled much greater distances in
the ocean than high frequency sounds. This had been confirmed by several
experiments we had conducted and reported, but no one had made use of this
fact. I further said that passive listening ships during the war had
reported hearing the low frequency sounds from convoys at ranges of more
than 10@ miles. These reports had been dismissed as improbable by the
authorities and nothing had been done with the information. I then took a
gamble and stated that I thought that the use of low frequencies could
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expand detection ranges several 10's of miles.

I then pointed out that the background noise level in the ocean was
approximately proportional to the band width and that restricting the
sound to a very narrow band where a submarine made a loud notse would give
a much better signal to noise level and consequently extend the detection
range. I was asked if such low frequency equipment existed. I replied
that we had just established a station at Bermuda with a geophone plonted
on bottom in 80@ fathoms of water that was capable of operating down to
20 hertz. These remarks seemed to stun the audience and the meeting w