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(a) (b)

(c) Courtesy of Evans, Introduction to Color

Demonstration that low-definition color added to a high-definition black-and-
white picture gives good color reproduction. Note high-detail black-and-white
view (a), to which addition of low-detail color (b) gives high-grade color view (¢).
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INTRODUCTION

This story centers around that colorful period of 1949 through 1955 during which
Hazeltine Corporation was a leader in color television systems development. Hazeltine
became known throughout the engineering world not only for its technical contributions
to color television but also for its outstanding teaching demonstrations of color television
principles. I was right in the middle of those COLORFUL DAYS, working hard on both
the demonstrations and in making technical contributions. It was a most exhilarating
period; we had an excellent leader, Arthur V. Loughren, and an outstanding supporting
staff including such members as William F. Bailey, Charles J. Hirsch, R. Page Burr, just
to name a few in these introductory remarks. Many patents came out of that period and
a number are still used in all color television receivers and transmitters. Of course, most

of these patents have expired many years ago.

During the major part of my career at Hazeltine, I have been involved with the
consumer-electronics activities (i.e., radio and television) in which the pay-off was by
royalties on patents. Important and strong patents were essential, and I contributed
significantly to Hazeltine's group of color television patents. In many ways the story
about Hazeltine's efforts in color television is related to my personal career; so I plan to
discuss those parts of my career that have some bearing, either direct or indirect, upon

this color TV story.

Hazeltine started as a small engineering/patent company in the radio field (now
called the consumer-electronics field). Except for a brief hiatus during World War II,
Hazeltine has had a continuing activity in this consumer-electronics field with patent
royalty income, This activity is now again very small. But there was a great pinnacle of
effort and accomplishment - those COLORFUL DAYS - when Hazeltine was a leader
(second only to RCA) in contributing to the development of compatible color television.
Although that period was over 35 years ago, we are still collecting some small patent
royalties on that color TV effort. That income is expected to continue until the turn of

the century.

I will try to treat both the pre-pinnacle days leading up to those COLORFUL
DAYS, and the post-pinnacle days with its many varied facets. These include such items
as: projection color TV, color film analyzer, antitrust suit, technical papers, and

awards. But I will start with my story prior to arrival at Hazeltine's door.



For convenience, in this treatise, I will use the name Hazeltine to refer to Hazel-

tine Corporation and its subsidiaries, except where further description is needed for

clarity.

SPECIAL ACKNOWLEDGMENT

Hazeltine's Colorful Days would not have happened except for the foresight and
leadership of Arthur V. (Art) Loughren. He convinced Hazeltine management to invest in
Color TV R&D at the right time. Then Art provided excellent leadership to Hazeltine's
color television activities. After we had accomplished some really worthwhile results, he
then broadcast the technical news to the television industry and to the governmental
agencies. As a crowning step, Art provided leadership within the Second (Color) NTSC
(National Television Systems Committee); particularly through leadership of NTSC's
Panel 13, which recommended the standards for the complete video signal which the FCC
(Federal Communications Commission) finally accepted as the Color Television System

of USA.
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2.1 Some Family Background Before BDL

In the late 1700's, a Bernard Loughlin came from Ireland; I have reason to believe
from the County of Donnegall. He came through the port of Philadelphia. The sketchy
information we have indicates that the family line stayed in the Philadelphia and South-
ern New Jersey area. My grandfather, Dunlevy Loughlin, raised his family in the general
area of Williamstown, New Jersey, and environs. Dunlevy had two sons, Bernard (my
father), and Stanley (my uncle). My grandfather was a hard working and happy carpenter
and gardener. My father was a very methodical railway mail clerk and my Uncle Stanley
was a printer, having a complete printing press and accessories in my grandfather’s

basement.

My father left Williamstown, New Jersey, and went to New York City for a railway
mail clerk job in 1914. Somewhere before May 1916 he met a sweet young girl, Hazel
Hawley, at a church affair. He eventually persuaded her to marry him. Now enters
another family member who had a very profound effect upon my career development.
Hazel Hawley had a sister, Edna, who had married Charles A. Wingardner. This com-
pletes the close-knit "family circle," into which I was born on May 19, 1917, in Harlem,
New York City. My parents named me Bernard Dunlevy Loughlin in honor of both my
father and grandfather.

2.2 The Move To Philadelphia

In 1919, my father took on a new railway mail clerk job in Philadelphia, and we
moved to 6038 Regent Street, a row house in West Philadelphia. Now we meet a young
girl eventually to become the most important person in my life: Dorothy Turner. There
were two Turner brothers, immigrants from Britain, who lived at the end of the block and

1. Unfortunately, early documented data on arrivals at the port of Philadelphia were de-
stroyed in a fire early in the 1800'%. But the fact that it was a Bernard Loughlin who
emigrated to Philadelphia was verbally passed down through the family. Also the
family recollections seemed unclear as to whether an "O" or a "Mc™ prefix was on
the Loughlin name. Additionally, the family story was that he came from Cork, but
this may merely have been the port of embarkation.

In September 1977, Dorothy and I vacationed in Ireland. We were ona planned tour
without time for "family-tracing". But I did have an opportunity to look through the
telephone directory for all of Ireland (about 3/8" thick!) and found: 1) no Bernard
Loughlins; 2) no Bernard O'Loughlins; 3) many Bernard McLoughlins (with differing
middle initials), up in County Donnegal. Also our tour took us through the town of
Donnegal - there was a store by the name of Dunlevy's. In addition, a Family Name
map has McLoughlin and McDunlevy near each other in County Donnegal.
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across the street from each other. Alf Turner and his wife, Emma, had two daughters,
Ethel and Edith. Bill Turner and Laura had one daughter, Dorothy, somewhat late in life.

The two Turner families and the Loughlin family remained friends for the rest of
their lives, and all of us kids referring to the other parents as aunts or uncles. We have
two classic pictures taken on the small front lawn on June 25, 1922, one with all three
girls and me, and one of just Dorothy and me. I was obviously very disturbed: the girls
were in bare feet, but my mother would not let me take off my shoes!

Dorothy and I were of the same age and when school started, Hazel and Laura took
turns in walking the two of us to school, across those dangerous trolley tracks.

Before leaving Philadelphia, I must recall the Gallagher sisters, two maiden teach-
ers who lived between us and the Alfred Turners, They spent a lot of time with me,
teaching me to both read and to use a typewriter, before I started Kindergarten, The

reading was important but the typewriter was not of much value in Kindergarten.

Some time in 1923 my father took a "real" railway mail clerk job, that is, sorting
mail in a traveling train (all his other jobs were "terminal" jobs). This new position was
on a train between Camden, New Jersey, (which is just across the Delaware River from
Philadelphia) and, as I recall, Millville, New Jersey. He decided to settle in a little town
between Camden and Millville; a town called Woodbury Heights. My grandfather built
the house for us, finishing it in 4 months.

2.3 Woodbury Heights and Some Foreshadowings

We stayed in Woodbury Heights from 1923 until 1928 and more foreshadowings of
the future showed up. On one Christmas, my father gave me a Lionel train set mounted
on a board setting on the floor. It had two home-made train stations. One was made by
my father and the other by my grandfather. The larger station had the name
"Barneyville" on it which pleased me no end. I believe the train set was my starting

experience with electricity.

One birthday, my father bought (in Philadelphia) two small books which I read many
times. One was on astronomy and the other on electricity, including X-rays. Astronomy
is now one of my hobbies; electricity and electronics became a hobby and then my busi-
ness.,

My father bought a radio and put up a long high outside antenna. Of all things, the
receiver was a Neutrodyne. 1 often puzzled about those two big coils in the inside back



of the cabinet. I recall the unusual situations when I was allowed to stay up late and we
(my father and 1) occasionally heard KDKA in Pittsburgh and KOA in Denver (real DX).

My father played the organ at the little church down the street, and he also played
the piano that we had at home. Frequently, when my Uncle Charlie and my father got
together, they played duets, my uncle on the violin and my father on the piano. My

mother tried to send me for piano lessons, but 1 preferred to play with my erector set!

This seems like a good place to make it known that my Uncle Charlie was an elec-
trical engineer by profession, working at Bell Telephone Laboratories on at 463 West
Street in New York City. He graduated from Cooper Union in 1919 from night school.
This was quite a long grind for him to pull himself into a profession; taking six years at

night school; having a family and a daytime job with the Edison Power Company.

The next interesting foreshadowing while we lived at Woodbury Heights was during
a trip to the Sesquicentennial Exhibition in Philadelphia. One popular and crowded
exhibit was TV. I can recall my father lifting me up to see over the crowd, and at the
other end of the room was a neon colored image about two inches by two inches. This
was 1926 and the TV set used a whirling disk with a spiral set of holes, in front of the flat
neon tube, to produce the scanning (probably 60 lines). The transmission was probably
from the Jenkins experimental TV station, broadcasting just above the broadcast band,

where the present 160 meter amateur band exists.

On December 4, 1926, my sister, Vivian Marie, was born. At first, she seemed
rather sickly until my parents found the correct formula and then she blossomed out.
The 9 1/2 years difference in ages almost put us in different generations. But with pro-
gressing years the significance of the age difference disappears.

An additional item before leaving Woodbury Heights. I won my first two awards
early in 1928; one was 15! prize in a manual training contest (shop); the other was 2nd
prize in a music appreciation contest. These skills were probably inherited from my

grandfather and father, respectively.

So if one were to believe in foreshadowings, while at Woodbury Heights one might
see: "Hazeltine" (the Neutrodyne); "DX Radio"; "Television"; and "Awards" as things to

come,



2.4 Back To Philadelphia

In those days, a railway mail clerk on the train was required to wear a loaded gun.
This eventually affected my father's gut, giving him stomach ulcers. He was required to

get off the train and get another job in a terminal.

My father found a terminal job at the Sears and Roebuck main catalog warehouse in
Philadelphia. In September 1928 we "swapped houses" with another family at 7028 Gil-
lespie Street, Tacony, Philadelphia. This was a "twin" house, i.e., attached to an adja-
cent house on one side only. At this time, Vivian was just under 2 years old and I was just

over 11 years old.

Soon, I had taken over my electric trains; that is, I did not need my father's help.
For a year or so, the trains consumed my interest, particularly around Christmas time
when I put them up in the living room. When my Uncle Charlie and family would visit, I
would ask him how an electric motor worked. I remember getting some puzzling an-
swers, including "back emf"! This was the start of a regular dialogue and learning session

for me whenever Uncle Charlie came.

My train set had 2 engines, a crossing and 2 switches. I had constructed a make-
shift relay system (from the electro-magnets of several electric bells) so that the two
trains could run at the same time; automatically stopping at switches and crossings;
waiting until the other train went by; and then starting up again. I recall being very
proud of that set-up and quite willing to demonstrate how long the two trains could run

around the same set of tracks without a crack-upz.

During the mid '20's, my Uncle Stanley became interested in building his own radios
(it was the thing to do then) and had collected a lot of radio parts. In the late '20's, he
gave up that hobby and sometime before 1930 he gave me a large sturdy wood box (an old
WWI ammunition box) all full of radio parts and some radio magazines. That started me

playing around with radio.

My first effort was a neat little crystal set that I built in a small box (about 5" x 2
1/2" x 1 1/2"), using a small tuning capacitor (probably intended for fine tuning or neu-
tralization use), a small inductor that I had wound on a thread spool, plus crystal and by-

2. While being quite proud of what Ihad done (with the train set-up), I was also quite
shy. 1 recall one Christmas when Dorothy and family visited us. [ gladly showed-off
the train set, but never spoke a word to her until about 2 minutes before they were to
leave. This dichotomy between pride in specifics of what I had accomplished and
general bashfulness stayed with me throughout much of my life. But age has helped
the battle! ’
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pass across headphones. It was a complete flop; I didn't hear a thing. Soon though, 1
went to the library; got a copy of Morecroft; and tried to learn about inductance, capaci-
tance and resonant frequency. It took quite a while to sink in before I realized I was not

tuned anywhere near the broadcast band.

The next experiments were with regenerative receivers using larger variable con-
densers from the ammunition box, plus various of the variometers. These were more
successful and I did much listening on the AM broadcast band.

One receiver 1 built, from parts in the ammunition box, used a unique design of
variable capacitor (made by Remler) in which both sides of the capacitor varied in such a
way as to permit a very low capacitance on the low C end. One day, while listening with
the receiver, I heard a very unusual buzzing noise at the high frequency end of the AM
broadcast band. Eventually the buzz stopped and they announced that they were broad-

casting experimental television from the Jenkins station.

The above experience suddenly made me aware that short waves existed and 1
started short-wave DX listening. Eventually, I got a QSL card made up by my Uncle
Stanley, and I was in the short-wave listening business, listening to both broadcast and
amateur short wave radio, with a simple regenerative receiver with plug-in coils to
change bands. Of course, I had to learn how many turns should go on the coils that 1

made, and I used what I now know was Harold Wheeler's short formula for inductances.

Eventually, I got a friend, William A. Blum, who lived a half block away, interested
in short waves. As I remember, I helped him build a simple regenerative receiver with
plug-in coils. It wasn't long before we were practicing code, sending to each other by
keying the receiver when in an oscillating condition. In the summer of 1933 we both
obtained our Amateur Radio licenses; Bill's call was W3EAV*; mine was W3EAL. My
station license was listed as Williamstown, New Jersey, because I received the license

during a summer which I spent at my grandparents' house.

Now to backtrack a little - the first 2 years in Tacony I finished 7t and gth grade
at a school just several blocks away. Then on to high school at Frankford High, a trolley
ride away. My curriculum at Frankford High was an excellent one, intended specifically
for someone expecting to go on to an engineering college (aithough I had no idea how I
could manage college). At Frankford High, 1 participated in the Engineers Club, the
Chess Club, and the Radio Club. Ihave group pictures to prove it - but I don't remember

* Bill had a stroke in 1982 and died in 1987.
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any names except for Bill Blum in the Radio Club. I recall one time putting together a
special breadboard to illustrate certain specific types of circuits and then demonstrating
them at one of the Radio Club meetings.

Just in passing, I received another award in high school called the Stehl Memorial,
but I can't remember what it was for, nor when. There is no date on the newspaper

clipping that my mother kept.

In the meantime, over a period that I believe included 1931 through 1933, my
mother had several operations, and these were extremely painful. In early 1933, the pain
from these operations affected her mental capability and she was never the same after
this. At times during 1933, she actually had violent periods. During some of these
periods, Vivian stayed with my Aunt Edna and Uncle Charlie in Chatham, New Jersey,
and during the summer I stayed with my grandparents in Williamstown, New Jersey. My
mother insisted that she wanted to leave Philadelphia and go to live in North Jersey near
her sisters. My father finally gave in, found another railway mail clerk job in Hoboken,
New Jersey. We moved to Jersey City, New Jersey, in September 1933, In addition, this
was a period in which houses were not selling, and so my father had to "walk-away" from
the house in Tacony, losing all his equity in the house - never to own a house again.

There was a significant and lasting change in my mother's personality. She was
normally very pleasant and extremely tolerant about things that we did. However, now it

seemed as if my mother was no longer truly my father's wife3,

2.5 North Jersey

During the next 6 years we moved around 6 times, I believe mainly due to my
mother's discontent. The first place was an apartment (4th floor) in Jersey City near
Journal Square. Second was a two-family house on Highland Avenue in Jersey City, and
the remaining places were all two-family houses. Next was Davis Avenue in East
Orange, then Union Street in Jersey City, then j7th Street in East Orange, and finally on
September 1, 1939, as Hitler marched into Poland, we moved into New Street, East

3. My mother frequently developed an adversary relation against my father. Iwas 16
and thoroughly involved in radio and eventually engineering college. So the situation
was one that I "tolerated" but tried to talk over with my mother many times with no
success. The effect upon my father was obviously devastating and also very signifi-
cant upon my sister who was only 7 years old at the time things started. My mother
and father stayed together until their deaths in 1972, within 2 weeks of each other.
At my mother's casket, my father said "I guess I did the best I could for her."
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Orange. By this time, my mother was "calming down" and my parents stayed at New

Street long after my sister and I left home.

This move to North Jersey had both positive and negative effects upon my educa-
tion. When I left Frankford High, I had 3 1/2 years of credits of value toward a further
engineering education. But in Jersey City High, they had no equivalent course. I lost
credit for some of the courses I had in Frankford and had to take two sophomore courses
in my senior year. I just made enough credits to graduate in 1934, But on the positive
side, we were now near New York City, and an attempt to get into Cooper Union made
sense. If I could make it, Cooper Union was very attractive for me since tuition was

free, entrance being by competitive exam (about | out of 10 making it).

Luck was with me and I made it into Cooper Union. My parents agreed to handle
the cost of books, transportation, and my living at home. My mother was very strong
against my working to make money, even during the summer, and my parents agreed that
I should go to CU day school (instead of CU night like my Uncle Charlie had done). In
1934, many people were without a job or only working part-time. Even Bell Labs had a
part-time arrangement (in place of firing) so even my Uncle Charlie was only working
part-time. On the other hand, my father had a civil-service job and, relative to the

average public, was doing well.

2.6 Professional Development

During the 6 mobile years mentioned above, most of my time not spent on school
work was spent on radio and eventually TV experimentation, in addition to operating my
amateur rig (mainly on CW (code)). My parents gave me a small weekly allowance which

went into radio parts, frequently from the Courtland Street area of New York City.

Most of my time on the air was in 1934, 1935, and 1936, and a lesser amount in
1937. My log for late 1936 and most of 1937 indicates 1 was very busy with school and
also did not have a good transmitting antenna, During the summer of 1937, I recall
getting my SW3 receiver to work up to 40 MHz. This permitted me to listen to both
Armstrong's experimental FM transmissions (received by side-tuning) and NBC and ABC's

experimental AM transmissions in the same general frequency band.

My log also indicates that during the periods of 1934 through 1936 I spent many

hours on the air; I also spent many hours experimenting with various transmitter arrange-

ments of tubes, power supplies, electronic keying "bugs", and the like®.



In passing, I might mention that sometime during 1938 11 year I saw a very impres-
sive demonstration at Bell Telephone Labs in New York City. They had constructed a 6
foot long CRT which permitted a very flat and very linear picture of about | foot in
size. This was a precision tool for testing TV via inter-city coax cable, The subject
matter of the demonstration was a "March of Time" including a shot of the Hindenberg
disaster (of May 1937). The resolution and grey scale were good enough to make the
subjective effect be very dramatic, and unforgettable.

By the summer of 1938, we were at i7th Street, East Orange, and my log shows
limited time spent on 5 meters and 10 meters. This was a critical summer for me. I had
failed German twice and if I did NOT pass the re-exam I would be kicked out of Cooper
Union. My father located a friend who would tutor me in German for the summer. The
German course at CU was crazy! First, it was a one-year course and required for
graduation. Second, during the year we studied kids' stories, and then the final exam was

one page of semi-technical German!

The first time through I flunked with an F and couldn't take the re-exam. I had to
take the course a second time. This time, I got a "conditional" failure which permitted
taking the re-exam. When my tutor heard the story, she went over to Barnes and Noble
and got a book of short ("one page") semi-technical stories. As we approached the end of
the summer session, I recognized two of the stories as being ones I had failed. Then, by a
pure stroke of luck, the last lesson we studied turned out to be the final re-exam given by
CU's German teacher. This time, I passed with an A!

This above situation resulted in stretching out my studies to five years instead of
four. With some foresight, I finished all of my electrical subjects in the first four years,
so during the fifth year I not only had some spare time, but I had my EE subjects behind

me.

2.7 My Entry Into TV Engineering

But backtracking a little, I celebrated my 215t birthday in 1938 by having an opera-
tion removing all four wisdom teeth. I think my parents felt sorry for me and gave me an
"extra special" birthday present - enough money to buy a 902 - a 2" cathode-ray tube,
Before this, I had been following two sets of articles that intrigued me. One was by Don

4. My favorite transmitter arrangement had a push-pull pair of 46's (Class B tubes) with
the second grid connected as a "partial" screen grid.
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Fink in "Electronics”, on how to build a TV set. The other was by (Prof.) Jesse B. Sher-
man of RCA (and later CU staff) in "QST" on circuits for TV.

Using the information in both of these articles, I first built scanning circuits for the
902 to make an oscilloscope. Then I built a so-called wide-band IF amplifier to use in a
TV set. None of the articles told me what to do for the IF transformers, so I took HAW's
simplified inductance formula and calculated what the self and mutual inductances would
be between a set of coils wound end to end - in terms of the length/diameter ratio. This,
in conjunction with the input and output capacitance of the IF amplifier tube, permitted
me to construct a reasonable wide band amplifier without test equipment to measure it.

Just before the 1938 hurricane, 1 got the TV set working and saw several transmis-
sions from NBC. Then I invited several of the CU-EE Department professors over to
take a look, but NBC did not come on - they had "pulled the switch" to make a series of
upgrades (including scanning rates) prior to the 1939 World's Fair. Incidentally, the day
of the invitation turned out to be the day of the hurricane (September 21, 1938) which

devastated much of eastern Long Istand!

During the winter of 1938-1939, I worked with Jesse Sherman, at CU, designing and
building a CRT oscilloscope for use in the EE Lab. Also during that winter, [hada TV
set (at home), switchable to be mainly an oscilloscope, but NO TV transmissions. I had
gotten the German problem out of the way and had made a little money with a night-
time, part-time job at ESSO in the RCA Building, during August 1938. The subject of

how to display swept phase characteristics on a CRT started to intrigue me.

Actually, I wanted some kind of display of both amplitude and phase vs. frequency,
so I first constructed a frequency-modulatable oscillator and drove the CRT horizontal
plates with the same sawtooth source that modulated the oscillator. I used a broadcast
AM receiver IF as a "test circuit" and drove the CRT vertical plates with the output
signal of the IF after amplification through a wide-band (i.e., flat) amplifier. This gave a
varying amplitude sine wave whose envelope showed the amplitude response of the IF vs.

frequency.

To display the effect of phase, | generated a short pulse from the sine wave input
to the Mtest circuit". The short pulse was applied to the control grid of the CRT to
brighten the trace at the time of the peak of the input sine wave - the position of the
brighter pulse along the vertical sweep representing the phase shift through the circuit.
This system I dubbed as a "Vector-Response Indicator", and its operation should be clari-

fied by the attached set of figures5 .
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I decided to present this system at the 13th annual AIEE students convention hosted
by Cooper Union and held on April 27, 1939. Photographs of the system block diagram
and of patterns on the CRT were taken with my father's "folding camera". Then we
developed the film; made lantern slides; prepared the text for the technical paper; pre-

sented the paper in the Great Hall of CU; and won first prize.

The World's Fair opened on April 30, 1939, On my 2" picture tube (902), I saw
President Roosevelt and Grover Whalen at the opening ceremonies. From then on, NBC's
W2XBS was on regularly with good live programs and demonstration periods for the

World's Fair audience with short "March of Time" films.

This was my background when I went looking for a job. First priority was Bell Labs,
following my Uncle Charlie's footsteps. But at Bell Labs I was told: "We have enough

Cooper engineers." - I was crushed!

Then 1 decided to drop in at every radio plant I could find in New York City, asking
to see the Chief Engineer., These were the days when radio engineering was done in New
York City! Of course, I stressed my interest in TV. The standard response was either,
"not interested”, or no response at all. That is, until I reached Emerson Radio, where the
Chief Engineer, Dorm Isreal, came out and talked with me. He said that the New York
City radio manufacturers were far from being interested in TV and suggested two places
around New York City that were doing TV research: one was RCA License Lab and the
other was Hazeltine, and he gave me the names of the persons to whom I should write.
Of course, I knew about RCA's interest in TV but didn't know who or where to contact.
Hazeltine, I knew practically nothing about them. Letters were sent out on May 31,
1939. Hazeltine answered right away and promptly set up an appointment. Dan Harnett,
Les Curtis and Harold Wheeler interviewed me on June 6, 1939. The first two interviews
were mainly technical questioning to see what I knew about radio and TV. Harold
Wheeler's interview was mainly a discussion of my "Vector-Response Indicator" with
strong encouragement to prepare it for publication. Wheeler reports in his writings that
all three were sufficiently impressed to hire me before I left the lab that day6.

The 8oth Annual Commencement of CU was held June 8, 1939, in the Great Hall of
Cooper Union. 1 started work at Hazeltine on June 19, 1939, just one month after my
22nd birthday, and about 2 months after the Little Neck Lab was opened. Thus entered

Hazeltine into my life.

5. See Photos 1 and 2 at end of this section.
6. See HAW's book, "The Early Days of Wheeler and Hazeltine Corporation", page 154.
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Incidentally, a letter was also sent out to the RCA License Laboratory in New York
City at the same time I sent out the inquiry to Hazeltine. But 1 was already working at

Hazeltine before I even received a response from RCA!

Historically, in June 1939, the starting salary for a new engineering graduate was
$25 per week at Hazeltine. If I had a Master's Degree, I would have received $27.50 per
week. Of course, this was the end of the depression and salaries had not "taken off" as
yet. Actually, the per hour $'s from my office boy job at ESSO in 1938 were somewhat
more than the $'s per hour from Hazeltine, In a few years, inflation during WWII soon

rectified that situation.



Photo 1. Comparison between elliptical-
trace and reference-point methods of
phase-angle measurement.






