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FOREWORD

by Sal J. Nuzzo
President and Chief Executive Officer.

Hazeltine Corporation is today a high technology company serving a
diversified spectrum of markets through the design and manufacture of
products and systems springing from technologies whose origins go back to
the beginning of the electronics industry. The story of Hazeltine is remarkable
for its continuity of both its name, since 1924, and its engineering in the fields
of radio, television, communications and data processing. The story of
Hazeltine is also unique in that it parallels the history of the radio industry,
beginning with its “Neutrodyne Circuit” patent which contributed to the
“commercialization” of AM radio.

We are fortunate that Dr. Harold A. Wheeler, who is Chairman Emeritus of
Hazeltine Corporation’s Board of Directors and actively serves as its Chief
Scientist, has elected to record for us the history of those early days. Harold
Wheeler started work at Hazeltine in 1924 and has served as an engineering
leader and technological innovator for the Corporation since that time. He is
uniquely qualified to report on the early days of Hazeltine and some of the
major factors which helped mold the electronics industry.

This book is the history of the early days (pre-World War 1l) of Hazeltine
Corporation and of the early career of Harold A. Wheeler. As the story is
developed, it becomes obvious that these two subjects are so intertwined that
there is really a common theme. Harold Wheeler was Hazeltine Corporation’s
first employee and was a contemporary inventor, with Professor Hazeltine, of
radio circuits such as the Neutrodyne—the patent on the Neutrodyne being
the first corporate asset.

The first part of this book gives a personal account of Harold Wheeler,
which when combined with the story of Professor Hazeltine*, provides insight
into two of the individuals critical to the development of Hazeltine. This is
followed by 24 short sketches of persons important during the pre-World War
Il era. These vignettes give an interesting understanding of the personalities
involved in the early life of Wheeler and Hazeltine Corporation. Of particular
note is the story of William A. MacDonald, the first Chief Engineer of the
Company, the man who pulled Hazeltine Corporation through the Great
Depression and who eventually became Chairman and Chief Executive of the
Corporation.

It should be noted that while the book covers history, its organization is
somewhat like a reference book, with groupings of subjects, generally
chronological within each group. The next group of subjects covered are
technical area topics, the first five being ordered according to the time of each
major engineering effort. The first technical area of interest was TRF (Tuned
Radio Frequency) Receivers, starting with Professor Hazeltine's original
Neutrodynein 1922. Then came Diode AVC, which encompasses a set of ideas

*“Hazeltine the Professor,” by Harold A. Wheeler



developed by Wheeler while still a college student and reduced to practice in
his home basement laboratory. The Superheterodyne Receiver follows
starting in 1930, and it, in conjunction with the screen grid tube, threatened the
very existence of Hazeltine Corporation. The next areas treated are the early
TV work and the work on FM.

The major technical area of test equipment is then covered. Hazeltine
Corporation developed new technology for making quantitative measure-
ments on receivers in order both to evaluate overall performance, and to
analyze operation of specific individual circuits. This required development of
precision test equipment, frequently specialized for each technical area
addressed. The corporate capabilities and services in measurement and
improvement of licensee receivers were critical items in both developing a
corporate reputation for engineering excellence and survival through the
Great Depression.

Most of these special test equipments have outlived their days, buttwo are
worthy of special mention because of their unigueness and legacy. One, the
Piston Attenuator, permitted a signal generator with direct reading of
attenuation in decibels; the other, the Direct Reading RF Inductance Meter, is
still in use in updated form in Hazeltine’s Research Laboratories.

In all of the technical areas discussed, including test equipment, Dr.
Wheeler was a major technical driving force, whose many innovations
contributed significantly to Hazeltine’s technical strength and lasting tech-
nology base.

Since the days recalled in this book, Dr. Wheeler has continued his prolific
stream of innovative ideas. He has been, and still is, acting both as a teacher, so
others may contribute, and as an individual contributor to the electronic
engineering world. His works are generally tutorial in nature, starting with a
basic understanding of engineering fundamentals. Some of the technical
areas in which Dr. Wheeler has made such basic and fundamental contribu-
tions since the days recalled in this book include: small antennas, stripline RF
techniques, VLF (very low frequency) antennas and propagation, phased
array impedance, Microwave Landing Systems, and remote sensing energy
management systems, plus a proliferation of charts for a wide range of
engineering subjects and parameters.

| am very appreciative of this monumental reference book by Dr. Wheeler
on the common theme of early days of Wheeler and Hazeltine Corporation. A
study of the details of history and why things happenisimportant background
for the future. We are very fortunate for the gift of this background in writing,
first by Dr. Wheeler's book, “Hazeltine the Professor,” and now by this book.
All of us at Hazeltine are indebted to Dr. Wheeler for his many continuing
technical contributions, literary contributions, and guidance through the
Board of Directors.
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Section 0. Introduction

0.0 Introduction.

The central theme of this account is “Opportunity”. In my home life and
then also in my profession, | have been presented with much more than one
man's share. | have not made the most of my opportunities, but | have derived
much pleasure and much satisfaction from what | have been able to
accomplish. In reporting some memories of the first half of my life, it is my
pleasant obligation to give credit to the many people and circumstances that
contributed to my own growth.

Outside my families, my life has been inseparable from the history of
Hazeltine Corporation. That Company’s story and mine were sorich in events
that it has been a challenge to present a fair sampling in such a relation as to
form an adequate picture. The course of events followed remarkable conti-
nuity until the beginning of World War Il, so | have chosen the time before that
date as the period of this account.

That period in history started before World War | and continued through
the Great Depression. It saw the rapid growth of radio communication from
the turn of the Century, which reached an explosive transition with the advent
of radio broadcasting from 1920. My chosen field of radio engineering
experienced an evolution which was timed, as if by plan, to my individual
program. Television was “just around the corner” when the war changed
everything.

To my parents and later to my partner for life, | owe a debt of gratitude
beyond what can ever be repaid. In my professional development, in a very
different sense, the same is true of Professor Hazeltine, William A. MacDonald
and Daniel E. Harnett. It is my intention to place in perspective my indebted-
ness to them and to many others, and my gratitude they deserve.

The predecessor to this volume was my small book entitled, “Hazeltine the
Professor"”. Itis a prerequisite for full appreciation of this story. Itis duplicated
herein, only to the extent needed for continuity. It was my debut in the field of
historical writing. The generous enthusiasm of its reception was a spur to the
present story of much greater scope. That writing was my first experience in
recording personal accomplishments in my field of technology.
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0.1 Scope.

For this account, | have chosen the period of my life before World War |1.
The story is based on my memories, supplemented by other available
information. This period is introduced by my background before Hazeltine
Corporation (1903-23), followed by my close affiliation with the Companyina
time of continuity (1924-42). While this overlaps our early work related to the
war, that will be mentioned only incidentally. These years in the Company are
related to current U.S. history as the years just before the Great Depression,
then during the depression, then just after.

Thisaccounthas so many facets that | have not perceived any onescale of
continuity on which all could be presented in a readable form. Therefore | am
using the monograph style wherever it appears to be most helpful. The various
facets relate to chronology and logistics, Company activities, technical topics,
and my personal observations.

It may be helpful to think of this account in terms of these four phases,
each about one decade:

1907-16 My early education in Mitchell, S.D.

1916-25 My later education in Washington, D.C.

1923-30 My early work with Professor Hazeltine and Hazeltine Corpo-
ration in the Hoboken and New York laboratories.

1931-41 My later work with the Company in the Bayside and Little Neck
laboratories, before the war.

There follows a brief overview in just enough detail to establish continuity.




0.2 Overview 1903-23

0.2 Overview 1903-23.

| was born near the University of Minnesota, where my father was teaching
in the School of Agriculture. Shortly we moved to Brookings, S.D., where he
continued teaching in the S.D. State College. In 1907, we moved to Mitchell,
S.D., where he became manager of anewly organized seed company. My clear
memories date from that year, at age 4. !

In Mitchell, | was privileged to have a happy childhood and excellent
schooling through Grade 7. My natural bent was clearand | chose radio as my
profession.

Then we moved in 1916 to Washington, D.C., where my father was called
to the Department of Agriculture. This opportunity grew to fill his remaining
years until retirement.

In Washington, | graduated from the new Central High Schoolin 1921. On
a scholarship from there to George Washington University, { continued while
living at home, and graduated in 1925. The next 3 years | attended graduate
courses in the Physics Department of Johns Hopkins University in nearby
Baltimore. | was near my home in Washington, where | married Ruth Gregory
in 1926. Then we lived in an apartment near Johns Hopkins where our first
child was born.

in the summers of 1921-22, | was employed as laboratory assistant in the
Radio Laboratory of the Bureau of Standards in the Department of Commerce.
At the same time, | was doing laboratory work at home. In an accidental
meeting with Professor Hazeltine in 1922, we found a common interest. He
shared with me his royalties on an invention which led to the formation of
Hazeltine Corporation. Also he employed me as one of his assistants in the
summer of 1923 at Stevens Institute of Technology in Hoboken, N.J.
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0.3 Overview 1924-42,

Professor Hazeltine's invention came to be known as the Neutrodyne type
of radio broadcast receiver. First marketed in 1923 by a small group of
licensees, its success in terms of royalties required a base of management.
This was provided by the formation of Hazeltine Corporation in 1924. | was the
one original employee, though only part-time on a retainer until | finished
college in 1928.

My family moved to an apartment in Jackson Heights, N.Y., where our
othertwo children were born. Then we builta house in Great Neck, further out
on Long Island, where we resided for 40 years until 1970.

Hazeltine Corporation started in 1924 on Feb. 1, a public company listed
on the Curb Exchange. It was incorporated in Delaware, with headquarters in
Jersey City, N.J., near Hoboken and New York City. The executives had an
office at 120 Broadway.

The Company was formed by Professor Hazeltine's patent attorney, Willis
H. Taylor, Jr. He engaged William A. MacDonald as Chief Engineer. They
started a laboratory in the attic of the building which housed the Stevens E.E.
Department, headed by the Professor. This Hoboken laboratory was the scene
of the Company’s engineering activities in the formative period of the first 5
years. | spent the summers working there.

MacDonald provided the leadership for building the engineering activities
of the Company. As time went on, his leadership grew to include patent
licensing, then managementduring World War Il. He was Chairman and Chief
Executive Officer when he died suddenly in 1961. Before the war, patent
royalties were the support of the Company. They covered engineering
services to licensee manufacturers, as well as new developments for their use.

In 1928, the Neutrodyne was superseded by the screen-grid tube from
General Electric Co. However, the Hazeltine laboratory continued with other
improvements in broadcast receivers. In 1929, it moved to larger quarters on
333 W. 52 St. in New York City. A New York subsidiary, Hazeltine Service
Corporation, was formed for the laboratory work.

The New York laboratory, under the direction of Daniel E. Harnett, was
devoted mainly to assisting our licensee manufacturers. In 1930, another
laboratory was started in Bayside on Long Island. Under my direction, its
mission was research and advanced developments for radio receivers. Here
the Company'’s television activities were started by Harold M. Lewis. They
grew to place the Company in a position of engineering leadership before the
war. Television broadcasting on a large scale was delayed until after the war.

With the growth of television engineering, the Bayside laboratory was
superseded in 1939 by a larger laboratory in a new building in Little Neck.
Harnett was designated Chief Engineer, and | was designated Chief Con-




0.3 Overview 1924-42.

sulting Engineer. This was in full operation when needed for war work from
1941,

Taylor and his firm, Pennie, Davis, Marvin & Edmonds, conducted
litigation to validate the Neutrodyne patents and to collect back royalties from
unlicensed manufacturers. This was completed in 1934,

When the Neutrodyne became obsolete, various other improvements
were under development. The one destined to become most important was
automatic volume control in the form decribed as “diode AVC and peak
detector”. It dated from my work in 1925 and was first marketed by Philco in
1929. It found universal use by 1932 when the first patents issued. Most
manufacturers, including RCA, were licensed by 1937. In 1941, after favorable
decisions in the lower courts, the U.S. Supreme Court refused to validate my
patent. This decision became moot, as the war was upon us.
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0.4 Chronological Outline.

1903 | was born in St. Paul, Minn.

1907 We moved to Mitchell, S.D.

1916 We moved to Washington, D.C.

1917-21 | attended Central High School.

1919 | attended National Radio Institute (evening course).

1920-22 | operated Amateur Radio Station 3QK (at home).

1920 My father initiated the Radio Market News Service in the Dept. of
Agriculture, after which he was appointed a member of the National
Radio Conferences (1922-25).

1921-22 | worked two summersin the Radio Lab of the Bu. of Standards (Lab
Assistant).

1921-25 | attended George Washington University, the Engineering School
(B.S. in Physics).

1922 Working athome, | independently invented neutralization fora TRF
amplifier, then accidentally met Prof. Hazeltine who had earlier
made this invention. He designed the Neutrodyne receiver and
licensed the member companies of IRM.

1923 | accepted Hazeltine's offer of a share of his royalties in return for
assignment to him of any related patent rights | might have. He
employed me to spend the summer working in his lab in Hoboken.
The Neutrodyne receiver achieved market success in the growing
field of radio broadcasting.

1924 Hazeltine Corporation was formed by Taylor to manage the
royalties on the Hazeltine inventions. | was the first employee,
part-time on retainer while continuing in college. MacDonald was
employed as Chief Engineer to start a laboratory in Hoboken.

1924-28 | worked summers at the Hoboken lab.

1925-26 |invented the diode AVC and peak detector, and demonstrated it at
my home in Washington.

1925-28 | attended Johns Hopkins University, for post-graduate studies in
the Physics Dept.

1926 | married Ruth Gregory and we occupied an apartment near JHU.

1927 | spent much of the summer at Howard Radio Co. in Chicago,
working on my AVC.

1927 The IRMdisbanded and RCA licensed the IRM member companies,
who continued also as Hazeltine licensees.

1928 At the end of my studies at JHU, | went to work full-time in the
Hazeltine lab and we moved to Jackson Hts. in nearby L.I.




0.4 Chronological Outline.

1928

1929

1929

1930

1930

1930

1932-41

1932-41
1936
1939
1939

1940
1941

The Hazeltine neutralization was superseded by the screen-grid
tube. Our lab continued with other improvements for broadcast
receivers.

The Hazeltine lab moved from Hoboken to N. Y. City.

| designed the Philco 95 receiver, the first to use my AVC. It was an
immediate success.

RCA added to its license agreements, the superheterodyne, which
had previously been excluded. We concentrated on improvements
for new models from 1931 on.

We started another lab in Bayside for research and advanced
developments, under my direction.

My family moved to a new house we had builtin Great Neck. We had
three children. We lived there the next 40 years.

My AVC patents were the subject of litigation, which progressed
favorably until the Supreme Court finally ruled that there was no
invention.

We engaged in a program of television studies and developments,
which established our group as among the leaders in the field.
At the Bayside lab, we made a TV picture tube comparable with the
RCA iconoscope which was not available to us.

The Bayside lab was superseded by the Little Neck lab. Harnett and
| were named Chief Engineer and Chief Consulting Engineer.
| was elected a Director of IRE. (I served 1940-45.)

| received from IRE the Liebmann Prize.

We converted to war work.



0.5 Chronological Charts 1922-40.

Chart |. Engineering Leaders and Their Locations.
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0.6 Editorial Practices

0.6 Editorial Practices.

In this account, | am using some practices of presentation for reasons |
wish to be understood.

Shortly after World War |1, I realized that the prevalent forms of writing the
date were illogical and were not standardized. | recalled a form | had seen in
somerecords of Ralph H. Langley, which | perceived as an example of the one
logical form. Therefore | adopted this form and some variations which
conform to the same logic. These are used herein. Here are the principal
variants that are found instructive or useful:

AD 1934 DEC 23

1934 DEC 23
1934 12 23 (19)341223
34 12 283 341223

H.A.W_, “A logical date code for communications or records', Jour.
Industrial Engg., vol. 18, no. 4, pp. ix-x; Apr. 1968.

Another area of editorial practice is abbreviations. Before World War |1,
the IRE had enlightened editorial direction under the leadership of the Editor,
Dr. Alfred N. Goldsmith, who was one of the three founders in 1912. One result
was an orderly and logical set of practices in abbreviations. The subsequent
technology explosion brought in many members who were ignorant or
unappreciative of those practices.

With respect to the abbreviations of word groups, there was a period of
confusion. | finally influenced the IEEE to adopt the simple and tolerable
practice of the nontechnical press, namely, a set of capital letters. These are
examples of this form, which | use:

IF intermediate-frequency (noun)

IF intermediate-frequency (adjective)

AM amplitude modulation

RMS root-mean-square

SSG standard-signal generator

TRF  tuned-radio-frequency

With respect to the abbreviations for units of measure, the confusion was

compounded by international regulation, later routinely mandated by IEEE. |
reject such counterproductive abridgment of freedom of expression and
progress by natural selection. | choose to use herein the time-honored
practices of IRE wherever I regard the changes therefrom as a step backward.
Here are some examples:

IRE (1 use) IEEE (Mandatory)
db dB
Kv kV
uf uF
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| have retained the contemporary usage of frequency in “cycles” (per
second) because it was the IRE standard and hence prevalentin the references
from the subject period in time. This does not reflect any personal objection to
the present term “hertz”, which was used in Germany long before.

For the natural unit of attenuation, | use the spelling “napier”, which |
regard as correct. It was established when it was first needed. [A][C] | adopted
it as soon as | had a need. The descendents of John Napier adopted this
spelling when English literacy progressed to the point of requiring con-
sistency. [D] Itis the base of the accepted adjective “napierian”. The change to
“neper” as the IRE Standard and eventually the International Standard was a
step backward, in my opinion. [B] Fortunately there is no confusion caused by
either spelling.

The keying of references has presented a problem of correlation between
close support and the comprehensive lists appended. Here are some rules that
| have adopted.

e The keys used in my previous book (Hazeltine the Professor) have the
same meaning where used herein:
[H1]-[H14] Articles by Hazeltine.
[P1]-[P36] U.S. Patents to Hazeltine.
[1)-[26] Other References (1 or 2 digits).
[A1]-[A12] References in Appendix 1.
e These further keys may be used in this book:
[W1] ... Articles by Wheeler.
[WP1] ... U.S. Patents to Wheeler.
[WL-1] ... Wheeler Labs. series of reprints, from 1947.
Various authors.
[WM-1] . . . Wheeler Monographs, series of 19, 1948-54.
Author, Wheeler.
[R1] ... Hazeltine lab reports in the Hoboken-NY series from
no. 1.
[R1W] ... Bayside-LN series from no. 1W.
[R1Y] ... Chicago series from No. 1Y.
[101] ... Other References (3 digits).
e References in each chapter are keyed alphabetically:
[A][B][C]
e |llustrations in each chapter are keyed numerically:
Fig. 1, etc.

Any mention of a chapter reference in another chapter requires identification
of the host chapter.

A U.S. Patent is identified by its serial number (7 digits) and its
issuing/filing dates may be stated in the form 341223/330112.

10
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[A] K.S.Johnson, “Transmission Circuits for Telephonic Communication”,
Van Nostrand; 1924. (The natural attenuation unit, napier, p. 9.)
[B] IRE, “1933 Standardization Report”, 1933. (A napierian unit called the

neper”, p. 76.)

[C] E. A Guillemin, “Communication Networks", vol. Il, Wiley; 1935. (The
napier, p. 76.)

[D] H.AW. “The Spelling of the name Napier”, IRE Trans_, vol. CT-2, p. 219;
Jun. 1955,
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Section 1. Personal Account

1.0 Personal Account.

The following 12 chapters deal with my life before Hazeltine Corporation
and with my continuing activities outside the Company. This account starts
with my place in the family of my parents, continues through my education,
and closes with the formative years of my own family. Here are the background
and events that provided the preparation and support for my participation in
the Company.

12




1.1 The Family | Joined

1.1 The Family | Joined 1903.

My father and mother were both outstanding people and made a happy
home. Each one tlived to age 92, overlapping many of their great-
grandchildren. This contrasts with their parents in more hazardous times, with
less stability and opportunity, none of whom lived past age 65. The last
survivor of my four grandparents died in the first year of my life. However, they
must have left a rich heritage of strength and talents. | and my four (younger)
sisters and all our children and grandchitdren are living and active.

It is not clear, from what line came my aptitudes in math, science and
engineering. The only traceable heritage came from my Grandfather Wheeler,
who built and operated flour mills powered by water wheels and made
mechanical inventions. His only other grandson was my cousin Leon Wheeler
(12 years older), who graduated from U. of Washington in mechanical
engineering. In World War |, he enlisted, was commissioned in engineering
work relating to munitions, and was lost by torpedo. My father had superior
talents and education in science.

My father was William Archie Wheeler, (18)760628-(19)681008. He was
called "Archie". His parents came from N.H. and were married in Minn. In the
early years of New England, Wheeler was the most common of family names.
My father's growing years were strenuous. He was the youngest of three
children, having one sister 6 years older and one brother 12 years older. He
was fortunate in parental care and good health. When he reached the new
Minn. School of Agriculture (a prep school) and then Minn. College of
Agriculture, his talents were recognized and he was offered real opportunities
toearn his way. His M.S. in Botany (and election to Sigma Xi) in 1901 were real
accomplishments in thatday. He served as instructor in the School for 2 years,
then 4 years as professor in the S.D. State College in Brookings. Then he
moved to Mitchell as one of the founders of Dakota Improved Seed Co.
(DISCO), where he served as secretary and manager, 1907-16. He was
recognized as the pioneer in the breeding of hardy alfalfa. Atage 40, he went to
the U.S. Dept. of Agriculture in Washington. He started in charge of the Hay,
Feed & Seed Division of the newly organized Office of Markets, which grew to
the Bu. of Agricultural Economics. He remained active 30 years until
retirement. His specialties were marketing, reporting, standardization, inspec-
tion and regulation. After retirement, he published four monumental volumes,
the last at age 89.

¢ Forage and Pasture Crops, Van Nostrand, 1950. A comprehensive
handbook written from his experience.

e Grassland Seeds, Van Nostrand, 1957. A compilation of articles and
information from many sources.
Wheeler-Alden Family, 1962.
Alden-Shedd Families, 1965.
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The lasttwo are geneologies of the families of my fatherand mother. They are
monumental compilations of the family tree and biographical sketches which
were his hobby after his marriage to a direct descendant of John Alden and
Priscilla. In the Wheeler-Alden book, we are fortunate in having a 26-page
autobiography of my father. (Also it contains an 8-page autobiographical
sketch | wrote about 1961.) More recently, | wrote a booklet entitled, “My
Memories of Mitchell 1907-1916". [W2]

| remember my father as tall and slender, with a kindly stoop and an
engaging smile. He had blond hair, which he retained to the end. He
worshipped my mother, and never said an unkind word to her or about her.
Everyone who knew him liked him, and did not mind some immature
mannerisms. He fell asleep at some inopportune times, a trait that | inherited.
He never drove a car. He was in good health and mentally alert, and took care
of my mother, until his brief last illness at age 92.

My mother was Harriet Maria Alden, (18)790910-(19)720428. She was
called “Hattie”. Her parents came from western N.Y. and were married in
Minneapolis. Her ancestors in the early days of New England, John Alden and
Priscilla, were later made famous by Longfellow. She was one of a large family
of children, older and younger, who were outstanding in their talents of
various kinds. Her schooling continued through High School level, and she did
very well in school. Instead of college, she worked 3 years as a secretary to
help support the family. She had five children. She gave my father her full
support without interference in his work. She was a conscientious home-
maker, perfectionist to the extent of her strength. She was a born teacher and
excelled in bringing up children. She excelled in cooking and sewing. In the
years just before and after her marriage, she sang solos and played the piano
(accompaniment). Her health was generally excellent, but required some
attention. Her thoughtful economies and hard work were a major factor in the
family’s standard of living.

| remember my mother as not very tall, trim and erect. She had a light
complexion, beautiful features, dark hair and bright eyes. She was assertive
but not aggresive. Everyone liked her and admired her talents and her natural
dignity. She never drove a car. She took care of my father until their last move
to a retirement home, when her mental capacity was slowly failing. She
worshipped her children, grandchildren, and great-grandchildren, until her
last illness at age 92.

My four younger sisters were:

(1) Helen May Wheeler 050425 Brookings, S.D.
(2) Margaret Wheeler 080213 Mitchell, S.D.

(8) Catherine Wheeler 131216 Mitchell, S.D.

(4) Harriet Wheeler 160831 Washington, D.C.

14
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They were bright girls, did well in school, and contributed much to our family
lite. Each one has 2,3 or 4 children. Helen and Margaret graduated near the top
from GWU. Helen made a career, before and after marriage, in the field of
economics and statistics. Margaret continued to a master's degree in physics
and math, then taught these subjects in Washington high schools until she was
married. When her two sons finished college, she returned to GWU as
Assistant Professor of physics. Catherine and Harriet were less motivated to
scholorship. Catherine graduated from GWU, while Harriet changed course
aftertwo years in GWU. Margaret was the most talented in music and science.
Her elder son excels in music, also his wife and children. Her younger son
excels in science (Ph.D. in organic chemistry).

My father and | were of such ages as to miss military service in World War |
and World War Il. My father did important Government work during both wars,
as | did during WW-II. Other members of our family have served in various
ways.

® Catherine's first husband, William Lines (the father of her 3 children)
was an Army Reserve Officer, advanced to Captain early in WW-II, and
lost his life in a ship explosion at Pearl Harbor in 1944,

® Harriet's second husband, Ralph Hobdey (the father of her 4
daughters) saw much active duty in the RAF of U.K., 1940-47,
advancing to Flight Lieutenant (navigator).

* Margaret's elder son, Arthur Montzka, was drafted 1957-59 and played
the violin in the Seventh Army Symphony Orchestra on its goodwill
tours in Germany and all over Europe.

* Catherine's elder son, Richard Lines, chose a Navy career. He enlisted
in 1959 and has advanced to Lieutenant Commander. On Navy
scholarships, he received the degrees of B.S. and M.S. in C.E., then
transferred to the C.E. Corps. In 1971-78, he served at Guantanamo
Bay, Okinawa, Puerto Rico and Guam.

¢ Catherine's younger son, Bill Lines, enlisted in the Air Force 1962-66.
He served as radar operator in U.S. bases (the Sage network), and at
Clark AFB in the Philippines (service in Thailand and S. Vietnam).

® Helen's son, Harold Richards, volunteered in the Air National Guard
1965. He served as aircraft mechanic in the USAF (servicing the F-100 a
year in S. Vietnam) until he left with Sergeant rank in 19609.

My parents were married in 1901, at the same time my father received his
M.S. degree from the U. of Minnesota. They lived nearby the next 2 years, while
he worked as an instructor in the School of Agriculture, a preparatory school
for the College of Agriculture. Shortly after | was born in 1903, they moved to
Brookings, S.D., where he served 4 years as professor of botany in the S.D.
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State College. Then they moved to Mitchell in 1907, with me and my first sister,
Helen. That move is my earliest memory. They were fortunatein findinga nice
frame house which served our family very well for the next 9 years. It was fairly
new, and modern by the standards of that day. My second and third sisters,
Margaret and Catherine, were born in that home.

Our father and mother were a wonderful team and our family relations
were as nearly ideal as could be imagined. Kindness and love, respect and
admiration, were the cornerstones. There was a spirit of cooperation and
enough discipline. Good habits and cleanliness were taken for granted, by the
example of our parents. No alcohol, no tobacco. In some other areas, their
strictness may have gone to extremes. No playing cards, which were identified
with the saloon and gambling. Sunday was a day for dressing neatly, going to
church and making friends with neighbors. The cooking for Sunday dinner
was done the day before.

My father was dedicated to his work, and his salary was adequate for a
comfortable home life. He was manager of the newly organized Dakota
improved Seed Company (DISCO) in Mitchell, which grew and prospered. His
office was near the Milwaukee station. Their warehouse and shipping dock
wereonasiding by the Omahatracks. He travelled some, but usually not far. At
home, he did most of the repairs and maintenance, also many improvements.
He was very handy with tools, after working with his father. He varnished the
floors, painted the woodwork, and papered the walls. He would have enjoyed
more work outside on the lawn and garden, but he regarded that as a pleasure
he could forego.

My mother was dedicated to the home and family. She was very brightin
school, but gave up college so she could help her family. Before her marriage
to my father, she worked 3 years as a secretary in some professional offices.
She must have been extremely skillful, but | do not recall her even owning a
typewriter afterward. Housekeeping for a growing family was a fulltime task in
those days, and she was a perfectionist. She found time to curl her hair and
dressattractively. Her cooking was wonderful. We ate our daily dinner at noon
on alinen tablecloth with linen napkins in initialed rings. She sewed much of
the clothing for herself and for us children. In the Fall, she made canned goods
(inglassjars) foratreatduring the winter. Otherwise, our menu was seasonal,
except for meat and dairy products all year.

My younger sisters looked up to me. | did not fully appreciate them until
later years. | wish | had. | envied any boy who had an older sister.

Most of the years in Mitchell, my father's sister lived with us. Aunt May
Wheeler was older than my father, and never married, so she had no other
home. She was retiring and conscientious, and was crazy about us children.
For a while she worked as housekeeper for a family of boys who had lost their
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mother. Her presence at home was an emotional strain for my mother, sharing
my father with his sister. On the other hand, Aunt May took good care of us for
a few weeks, the one time my parents took a long trip (to the East).

As our household in Mitchell grew to 6 or 7, the 3 bedrooms were hardly
adequate, so | slept on the screened back porch. It was consistent with the
fresh-air principles of that day, but rather strenuous in the winter. The screens
were covered with canvas in cold weather.

Our move to Washington, D.C., in 1916 completely altered our family
pattern but not our close relationship. From then until | married in 1926, it was
still my home, and | was very fortunate. My father had found a stucco house in
a new development in Chevy Chase, D.C., near the fashionable suburb of that
name in Maryland. It was 5 miles from my father's work in the Dept. of
Agriculture, near the White House. There was good street-car service, third-
rail in town and the Connecticut Ave. trolley out to Chevy Chase Circle. Our
house was a half-mile walk from the trolley. The address was 5503 33 St. N.W.
The phone number was Cleveland 1238.

My father's salary in his new job was much more dollars, but expenses
were much greaterin the city. My fourth sister, Harriet, was born soon after we
moved. World War | was boosting prices. The first epidemic of the flu (Spanish
influenza) was a terrible blow to Washington, wiping out whole families. We
were fortunate, taking itin two shifts, so we could care foreach other. First my
father and the school children brought it home. Then my mother, Aunt May
and the babies had their turn. Each of us was in a coma for a couple of days
with a fever around 105. Il remember reviving. My first question was, “What day
isit?”"My second was, “When do | eat?” | was recoverig rapidly, but left withone
scar, the beginning of a bald spot on top.

Surviving this period was a severe struggie for our parents, from which we
children were largely protected. Our father had regular hours and half-day on
Saturday, so he shared some of the house work. Chain stores for food were
just starting downtown, so he carried home much food, standing on the
crowded streetcar. My mother hardly left the house for a few years, and seldom
afforded any new clothes. Few people could afford a car, although our home
had a garage in back. Our life style was simplified by some meals on the
kitchen table, closer to the cooking. Our greatest economy was our mother’s
skill in preparing delicious meals from raw materials on the gas range.

That was the time when technology was reaching the home. The highlight
of our first Christmas in Washington was a wind-up phonograph with disc
records. The kitchen table was supplemented by a Kitchen Cabinet, with
electric toaster and electric mixer. The icebox was replaced by the Frigidaire.
The coalfireinthe furnace was replaced with a Quiet May oilburner controlied
by an electric thermostat. We had an electric fan for the hotsummers. (It was a
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change from Mitchell, with a dry climate and cool nights.)

My sisters were wonderful girls. They did well in school and were much
help to our mother. | did not do my share at home, because | was always
preoccupied with my projects in addition to school. Later they proved to have
been a good investment.

The church affiliations of my family had three phases:

¢ In Mitchell, the Congregational Church, which was the least ritualistic
of the several churches in town.

® In Chevy Chase, the first five years after moving, the Presbyterian
Church, which was the nearest to our home.

® In Washington, from 1921 for many years, the All Souls Church
(Unitarian), which was chosen as most hospitable to the views of my
parents.

Each of these served a purpose.

In Mitchell, we attended church and Sunday School reguiarly and
participated in social activities. The building was new, attractive and pleasant.
Itwas the nucleus of one circle of friends, the other circle being our neighbors.
Sunday School was fun and we were given some introduction to our heritage.
My father served as Superintendent for a year ortwo. The annual picnic was an
event.

In Chevy Chase, our parents were overloaded with housework, and
seldom “went to church”. Here again, it was a nice building, the Presbyterian
Church facing Chevy Chase Circle, within easy walking distance. We children
attended Sunday School and made some friends in addition to our public
school. The narrow views of the Minister and the denomination did not bother
me, because | had self confidence and no particular sensitivity. It came to
bother my sister Helen. When my parents became aware of this problem, they
decided to go to another church, though much less convenient to our home.

As a result, on 210123, our parents took the family to All Souls Church in
the city. It was a new experience we all enjoyed. The church was ostracized
from the orthodox Protestant community of churches, then and for many
years afterward. Ex-President William Howard Taft (then Chief Justice of the
Supreme Court) was its most famous member and a regular attendant. The
Minister, Dr. Ulysses G. B. Pierce, was a brilliant historian and philosopher. He
was a most engaging preacher and teacher. The pastoral organization was
active in many ways — religious, civic, social.

In 1921, that church was in transistion from an old location to a new
building to be located at Sixteenth and Harvard Streets (two miles north of the
White House). During the transition period, the Sunday morning church
services were held in a large theater. First it was the Knickerbocker Theater
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(movies), at 18 & Columbia Rd., until that building collapsed under heavy snow
on 220128. Then it was Keith's Theater (vaudeville) near the White House.
From 1924, the new building provided spacious quarters for all activities.
Social events, including dancing in the social hall, were a special feature which
gave us much pleasure. Ruth and | were married there 260825.

After moving to Washington, we found a piano teacher so we could
continue piano lessons on our old Franklin upright piano. After a leisurely
pace for a few years, we found Mrs. Elizabeth P. Prindle. an inspired teacher
with excellent training. My first lesson was 200221, and | made rapid progress.
My talent was memorizing the classics, which | enjoyed. My lessons were
crowded out after graduation a year later, but the results gave me much
enjoyment for many years. After some income from my Hazeltine affiliation, |
bought a new piano, a Steinway Model A Grand, on 240221. This occupied a
focal place in our home from that time. After 55 years, it is now being used in
the home of Margaret’'s son, Arthur Montzka, whose family is very active in
music.

Late in 1924, with my Hazeltine income, | was able to buy a car for our
family. To carry the family of seven, we needed the Buick sedan with jump-
seats. The salesman gave me a couple of driving lessons on Mass. Ave. (there
was little traffic). | taught some other members of the family, especially my
second sister Margaret who became the alternate driver. This was my last year
at GWU. | used the car a lot for transportation to school and for taking people
around, especially Ruth.

In those days, a vacation was not taken for granted. Our entire family of 7
enjoyed one short vacation 250908-10 for my mother's birthday. In 3 days, we
drove 450 miles in Virginia, visiting Luray Caverns and Monticello. On one
straight road, we drove 60 miles per hour, the only time | remember in that car.

In our Chevy Chase home, we entertained guests frequently for dinner or
an evening party. Our only relatives in Washington were my cousin Alden
Grimes from Minneapolis and his family. We had a few friends from our past in
Minnesota and S.D. We gained numerous friends from our contacts in the
neighborhood, in my father's work, the church, high school and college. Large
groups assembled in our large living room for special occasions. We had
various groups of young people for dancing to the phonograph and later to the
radio. When we were showing off my radio in the early days of broadcasting,
we had as many as 30 guests at a time to hear KDKA on the “loudspeaker” (a
Baldwin earphone attached to the phonograph horn). For some who were not
present, | held the radio earpiece against the telephone mouthpiece. We had
fun.

My four younger sisters all did well in school. We attended the new Central
High School (or later Western High School). The GWU offered 7 scholarships,
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each for 4 years tuition, on competitive examination, to graduates of
Washington high schools. With this opportunity near home, we did not give a
thought to “going away to college”. | scored third, for 4 years tuition at $170
per year. Two years later, Helen scored second. Four years later, Margaret
scored first. My sisters are all well and active near Washington, enjoying their
families of numerous children and grandchildren near and far.

After 13 years in Washington, my parents built a new, brick colonial house
on 5616 Grove St. in nearby Chevy Chase, Md. Later, they retired to an
apartment in Tilden Gardens on Connecticut Ave. Still later, they spend their
last years in aretirement home, The Hermitage, in Alexandria, Va., justacross
from Washington.

The family built by my parents proved to be aremarkable accomplishment
in our society. It offered us children a generous ration of nurture, protection,
confidence, ambition and opportunity. With the strength of our family ties,
none of us is ever alone.

[A] W. A. Wheeler, “Wheeler-Alden Family”; 1962.
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1.2 Mitchell 1907-16.

My home was in Mitchell, South Dakota, from 1907 to 1916, age 4 through
grade 7 in school. | have vivid memories of my early yearsin that period. By the
time we left Mitchell, | had decided on radio engineering as my career, and |
never swerved from that course.

Our home was a 6-room frame house (Dutch colonial) on 518 N. Duff St.,
which connected the two railroad stations less than a mile apart. One was on
the Milwaukee through line between Chicagoand the West. The other was the
terminal of the Omaha line to Minneapolis. Mitchell is in the SE corner of the
state, 60 miles W of Sioux Falls, the largest city in the state. Mitchell had a
population around 5,000. It has been the hub of a prosperous farming area.

The distinctive feature of Mitchell was the Corn Palace. [A][B] It was a
large frame structure with several steeples or domes, housing a large
auditorium. In the Fall, it was the focal pointof a festival having the qualities of
a County Fair or a State Fair. The structure was decorated with half-ears of
seed corn of various colors, supplemented by reeds and grasses. Each year
there was a theme of murals and patterns. Corn Palace week was celebrated
with concessions the length of Main Street and high-class performancesin the
auditorium. The latter included famous bands and singers, together with a
sampling of vaudeville and circus acts. My father was Secretary of the Corn
Palace for a few years. | handed out programs so | could see the show every
day.

Mitchell was a progessive community. Many (but notall) of the homes had
electricity, telephone, central heating, running water and indoor toilet, all of
which were not taken for granted in that day. Street lights were noisy electric
arc lamps, one hanging in the middle of each intersection. Indoor lights were
dim carbon-filament bulbs, with kerosene lamps for back-up. Instead of a wall
switch, my father connected a long cord to the pull chain. The wall phone had a
crank, and we called by number. A coal furnace delivered hot air through a
couple of ducts to the firstfloor. It was manually controlled by supply (the coal
shovelled in) and demand (the air admitted past the damper). it was quiet and
independent of electricity. The running water sufficed for the toilet and
watering the lawn, but not for personal use. It was supplemented by fresh rain
water, hand-pumped out of the cistern, for washing clothes and people. It was
supplemented by the neighborhood well and pump fordrinking (my chore was
tofilla pail once a day). Cooking was done on a wood stove in the kitchen, also
independent of electricity (my chore was to refill the woodbox daily from the
woodpile). The stove included a small reservoir of hot water. In the summer,
we used an icebox for keeping perishable foods cool. The ice was delivered in
blocks daily, by horse and wagon. In the winter we relied on nature’'s icebox.

In the later years, we had about 100 chickens in our backyard (my chore
was to give them feed and water, in any weather). | enjoyed them. The only pet |
ever had was one large barred Plymouth Rock rooster, who accompanied me
all over town one summer, including rides on the switch engine.
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Some things you will not believe. The grocery clerk called at the door for
our orders, to be delivered later the same day. He had a one-horsepower
vehicle. This system recognized that not everyone had a phone or a vehicle.
(We had a phone but our only vehicle was a one-boypower four-wheeler. |
never had abike.) We had sidewalks. The roads had some ruts but no potholes.
The doctors made housecalls as a rule, not as an exception. The more
prestigious doctors were getting electric or gasoline cars. Babies were
delivered at home. For a “specialist”, we travelled 300 miles by train to
Minneapolis.

We walked to school twice a day, with midday dinner at home. it was little
more than half a mile, but the snow might be several feet deep or making a
blizzard. The temperature was seldom below -20°F, but sometimes also
windy. The school had long hours but no homework. (Imagine, no books to
carry!) We bought our books and enjoyed the pride of possession.

The public schools in Mitchell were excellent. They used the 6-2-4 system,
which is now the preferred plan. Grades 1-4 were in a neighborhood school
with a bell. Grades 5-8 were in a central school, with departmental teachers in
7-8, also cooking and carpenter shop. | did not stay for the high school, grades
9-12. The classes were orderly and not crowded. The teachers in grades 1-8
were young women, mostly not married yet, who were friendly and dedicated.
Before high school, all studying was done at school, with no homework except
a special assignment now and then (such as a relief map or a report on the
Panama Canal). The nearby Carnegie Public library had Encyclopedia Brittan-
nica. (Later we had at home the first popular-priced edition, a reprint of the
1911.) | spend much time at the library.

| had a few weeks at a private kindergarten. Then | was kept out of the first
grade for reasons of health, which | have never understood. | fear it was an
overprotective reaction by my parents. When | started in first grade a year late,
the teacher had enough in a few days and put me directly into the second
grade. My penmanship was beautiful and my spelling grade for the year was
100%. | worshiped my teachers. When we had any special performance, | was
always given the key role (such as George Washington or Uncle Sam). My
mother made the costume. On Memorial Day, all the schools marched in the
parade out to the cemetery, led by the few surviving Civil War veterans. We
were paced by the volunteer brass band of the town, which played regularly in
the bandstand in the City Hall park.

There were several churches in town. We attended the Congregational
Church and Sunday School, which was a healthy organization. | always
wanted to ring the bell, but was never allowed to.

Every home had an upright piano. My mother played the piano to
accompany singing. | took lessons from the daughter of a family who were
near neighbors. It came easy to me.
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Out of school, especially during the long summers, we were outdoors
most of the time. Sometimes it was voluntary and sometimes “directed”. My
hair was clipped at the beginning of each summer, which made for a thick
(warm) mop the next winter. The four wheels from my first “express wagon”
served seasons of soap-box racers. The tires were iron hoops, with no natural
affinity for the spoked wood wheels. My right knee and my left sole took the
most wear-and-tear. Our favorite coasting route was the sidewalk of along hill
down to the bumpety crossing of the Milwaukee tracks (main line, no
protection). (Now it is an unexciting overpass.)

My happiest hours were spent in the rail yards of the Omaha terminal, the
end of theline. | loved the steam locomotives, the roundhouse where they were
serviced, the freight cars on which we raced along the ridge, and the
passenger cars with plush seats for a siesta. It was before the days of too many
lawyers and liability suits. There were no fences. An engineer would let me ride
in the cab, pull the whistle and ring the bell. It was dangerous; there were one
or two passenger trains per day, plus the freight. The cinder bedding in the hot
sun was a handicap when | was barefoot, as | usually was.

I guess my second choice was the waterworks by the reservoir, where the
pumping was done by alarge, one-cylinder, horizontal steam engine with a big
flywheel and a beautiful centrifugal governor. It was a showpiece, with
polished brass and everything so clean. The rhythm of the pumping station
could be heard when we watered the lawn.

After dinner on a long summer evening, we usually played games until
dark. The night skies were dark with brilliant moon or stars. There were a few
daysin 1910 when we were treated to a rare sight from our front porch. Shortly
after sunset, Halley's comet was a pillar of light in the western sky. (I hope to
see itagain in 1986.) Of course, it rained sometimes, but only on the Fourth of
July or the Sunday School picnic.

My idol was the boy next door, who was one year older and the nearest |
had to a big brother. His name was Paul Reamer and his father was a dentist.
One Christmas when | was about 9, he had a new construction set, what we
would now call Erector. (His was the American Model Builder, which
competed with the higher quality Meccano from England. Soon afterward
came A. C. Gilbert's Erector, which eventually acquired both of the others.)
From the moment | sat on the floor with that set, | had no other interest, not
even dinner. Paul was less interested. From that time, my father provided me
with agenerous complement of such sets, usually whatever | wanted, because
my demands were modest. The parlor floor became my workshop. After
soapbox racers, those sets were my second experience in engineering. |
learned to do with the limited supply of parts, and | learned the meaning of
stresses and tolerances. | soon graduated from copying the pictures in the
instruction books. | made models of more sophisticated design and electric
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power, until high-school days in Washington. The experience gave me insight
into mechanical problems encountered in my later work. Also | played with
Erector again for a few years when our son reached an age that gave me an
excuse and some motivation.

The Reamers next door had an empty stable behind their house. They
bought an early gasoline car to live in the stable. It was a two-seater with no
roof or doors. It had a windshield and acetylene headlights. My first ride in a
car was one frosty morning when Dr. Reamer called to me and said, “Get in,
we’ll go foraride”. We raced along a straight dirt road in the country, up to 35
miles per hour. Two other doctors in town had enclosed electric cars, which
their wives could enjoy driving.

When | was 10, | was invited to a daily afternoon job carrying papers. It was
the Mitchell Daily Republican. | was one of a dozen residential carriers, with
about 50 customers on a two-mile beat, $1.25 for 6 days of the week. After
school every day, | watched the papers being printed, stood in line to count my
quota as they left the press, and carried them (not very heavy) in a shoulder
bag. It was wonderful exercise and discipline (after dark in the winter). We
moved just at the end of a contest of carrier performance, and | won the first
prize,a $20 gold coin that | was allowed to keep through the FDR dynasty, and
still have. That job gave me lots of time to dream about things in one of the
catalogs | stowed in my bag (along with some candy or cookies). my
customers were my friends, including some of our close neighbors. One
played the accordion, so | sometimes rested on his steps. Another was my
piano teacher. Sometimes | even read the paper. World War | was just starting.
The news came by wire telegraph (Western Union).

My closest boy friend, in the same grade, was very different from me.
Malcolm Ronald was the son of the newspaper publisher. We often walked
home from school together. He was a literary type, who read or recited poems
to me. One sea ballad, | could still repeat. He listened intently to my plans for
making models, such as a wooden submarine. He stayed in the West for
college and returned to Mitchell to carry on with his father’s paper. He was
more liberal, so it became the Mitchell Daily Republic. | keptintouch with him
and visited him and his family in later years.

Scientific education was brought to Mitchell by itinerant lecturers. |
remember four, on the topics of the gyroscope, liquid air, ultraviolet light, and
wireless. The last was radio signaling the length of the stage, from a loud spark
transmitter to a coherer receiver. It was about this time that | was deciding on
radio engineering as career.

Just before we left Mitchell in 1916, an older boy in town afforded an
amateur station with a fairly powerful spark transmitter. He was Max |. Black,
who was to become a close friend in later years. He built a radio remote
control, which | saw him demonstrate in front of the local theater. It was
controling a Lionel electric train. On the Fourth of July, just after we left, he
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demonstrated remote control of a 5-foot model boat at the nearby picnic
grounds (Tobin's Park, on the James River, a narrow, winding stream). |
missed the show but later read about it [C] Max went to the Navel Academy in
Annapolis while we lived in Washington, so we became close friends. He went
into Naval Avaition.

From Mitchell, our contacts with the outside world were a few trips. |
remember a couple of trips to Sioux Falls, where we had friends, and to
Minneapolis, where we had numerous relatives on my mother’s side. | enjoyed
the train trips, and especially wandering around Minneapolis alone on the
trolleys. On one business trip, my father took me along to Chamberlain for a
trip up the Missouri River to the lower Brule Indian Reservation. The steamer
was a stern wheeler.

In these travels, my father noted that | retained a natural sense of
direction. Then we traveled to Minneapolis, Chicago and Washington by train.
The last lap was an overnight trip on a sleeper. Arriving in Washington the next
day, | was disoriented and never again had any sense of direction.

[W2] “My Memories of Mitchell 1907-1916"; 1978.

[A] “Mitchell —the Corn Palace City of the World”, Educator School Supply
Co.; 1912

[B] “The World’s Only Corn Palace”, The Goin Co., Mitchell, S.D.; 1978.

[C] H. C. Van Benthuysen, M. |. Black, “A radio controlled model boat”,
Electrical Experimenter; Oct. 1917.

[D] The Daily Republic, Mitchell, S.D. 57301; July 10, 1981. (Centennial
special issue.)

[E] H.A.W. Letter to Editor, The Daily Republic; Sep. 5, 1981.
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1.3 Washington 1916-26.

We moved to Washington, D.C., the middie of 1916, when | was 13 and had
completed grade 7. That was my home base until | was married in 1926, after
my first year at Hopkins. This was a momentous decade in my life, which saw
my transition from a beginner in electrical experiments to a professional in
radio engineering. | joined the IRE in 1926 as an Associate, the grade provided
for college graduates while gaining experience.

Here | shall outline the circumstances leading to my activities as a radio
amateur, my studies at George Washington U., my two summers at the Bu. of
Standards, my introduction to Prof. Hazeltine, my employment in Hazeltine
Corp., and my studies at Johns Hopkins U. All of these topics are covered
individually.

1919-23 Radio Amateur.

1921-25 GWU.

1921-22 Summers at Bu. of Standards.
1922-23 Prof. Hazeltine

1924 ... Hazeltine Corp.

1925-28 JHU.

1926 Marriage.

Our move from Mitchell to Washington was a step forward in the
opportunities for advanced education. It was a step backward in the grade
schools. Washington was not a progressive city before World War I. In grade 7
in Mitchell, | enjoyed a departmental system similar to Junior High School, 4
teachers with small classes. In grade 8, in a high-class suburb of Washington,
we had a crowded classroom with a single teacher who was also the Principal
of an 8-grade school. | was well prepared for the transfer.

However Washington was improving. The next year, | took the trolley to
the new Central High School, which was an outstanding school for grades
9-12. | elected a college-entrance curriculum with most of the available
technical courses. In some degree, these were incompatible, | took French and
Spanish. | should have had Latin, French, and German. High school, not
college, is the righttimeto learn alanguage. | took Chemistry and Physics, but
I missed Biology. | had good preparation in English and Math. In my junior
year, grade 11, | headed a debating team which did very well. | graduated near
the head of my class. Later | enjoyed the class reunions after 40 and 50 years.

The most beneficial activity | experienced in High School was the High
School Cadets. It was “compulsory”, and | had no conflicting activities. It was
mostly outdoor marching and discipline. | enjoyed the marching and the
uniform. It did wonders for my health and posture. In the annual competitive
drill, Iwas in the first-place company the first year, and the second-place in the
second and third years. In the fourth, | was disappointed not to be appointed
captain of a company. Instead, | was appointed one of two captains on the
regimental staff, the quartermaster. In retrospect, | recognize that that was a
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wise decision by the faculty and it gave me more freedom for other activities,
especially social and radio. Every cadet company had an annual dance in the
armory. Being on the staff, | had to go to every one. We marched in the
inaugural parade of President Harding.

The Cadets provided the principal social activity in the high school,
although there were athletics and various lesser activities. Any of the others
did not enjoy as wide a base, which was a majority of all boys. The Cadets
introduced me to ballroom dancing, but not until my last semester. My parents’
background and the Chevy Chase church had frowned on dancing. Then two
events changed all that. On 210123 we transferred to the Unitarian Church,
which encouraged dancing among social activities. On 210211, my mother
wasinvited as one of thetwo chaperons for the first cadet dance of the season,
in the school armory, and she saw what wholesome fun we were missing. So |
had a few lessons on the basic steps of the day (waltz, fox trot). The teacher
was not much, butl gotalong. | enjoyed the music and the rhythm. During the
rest of the semester, | never missed a dance. Consistent with the code of that
day, | invited my best girl only half the time, and others the other half. The
music was some group of high-school boys, moonlighting (no vocal, no
loudspeakers). It did wonders for social poise. | really enjoyed the dancing of
that day, and | regret that | had only marginal instruction. After our marriage,
we had Arthur Murray instruction in New York (in the days when it was still
“individual”) and dancing was our greatest pleasure for many years.

The Washington high schools held a competitive examination each year
for 7 scholarships to George Washington U., each one providing 4 years
tuition (then $170 per year). | ranked third, close behind a girl who was a
brilliant student and a boy with a photographic memory, both friends of mine.
(In our English class play, Thelma Hunt had played opposite me in Barry's
one-act play, “The Twelve Pound Look™.) (Alan Boetcher went on to the Patent
Office, for which he was particularly suited.)

Living athome while attending GWU proved to be an important advantage
in my development. In enabled parallel activities which gave me a head startin
my chosen career. Also | enjoyed social activities that contributed much to my
future. | sometimes wonder what would have happened if | had gone away to a
higher ranked college (such as MIT) and thereby had missed some of the
events which contributed so much to my progress and to the support of our
family.

In Mitchell, my exposure to engineering had been working with mechani-
cal construction sets (“Erector”) and watching steam locomotives. On moving
to Washington, | spent the first summer in the “old museum” of the
Smithsonian Institution and in the Public Library. Both were convenient by
streetcar.
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The museum contained a large collection of the working models that the
Patent Office used to require for every invention. Some were exquisite
mechanical models made of hardwood parts (including wheels and gears).
Some were electrical devices, such as telegraph. Some were early aeronau-
tical devices (gliders and flying machines).

The library had a section devoted to electrical experiments and model
aeroplanes. | read all the books on those subjects (perhaps a few dozen) and
dreamed the completion and operation of many devices. My favorite books
were a few by Thomas M. St. John. He told how to make many electrical
experiments with only the simplest tools.

Our house had a one-car garage in back, which we did not use until 1924.
It was designated as my workshop. The furnishings were one large packing
box (from our moving) as a workbench under the window, and a few smaller
boxes piled up for shelves. The garage had a small door toward the house, so
the large door was left closed. It faced the back alley which served as a
driveway for the houses in our block. The temperature variation was tolerable,
except in cold weather. After one or two summers, my shop moved into the
basement, which had a door at ground level in the rear.

My garage workshop attracted some of the neighborboys, who happened
to be younger. | set up elementary electrical models, such as telegraph key and
sounder, made of the most elementary materials plus a dry cell and a spool of
insulated wire. My first motor was a tribute to my mentor, St. John. It was a
bipolar armature (2 iron bolts, wound with magnet wire) a permanent-magnet
field (a crude magnet from an obsolete telephone magneto), and a commu-
tator tied onto a wood-dowel shaft with thread and glue. The bearings were
two wood screws in holes in pieces of atin can. Itturned at a terrific speed, for
fun but not for useful load. It made sparks. I still have it. The rough wood base
is painted black to resemble the hard rubber then used for high-grade
insulation.

Next I made simple galvanometers for measuring weak currents. One type
compared the acidity of potatoes and apples by inserting two wire probes, one
copper and one iron, to form an electrolytic cell.

Unfortunately, the makeshift methods of construction held a peculiar
fascination for me. It was years before | fell from grace and adopted metal-
working drills, soldering and storage batteries, all of which were available for
amateur use. Shortly | did make a coil winder with hand crank, which was
needed for thousands of turns of fine wire (as on a small spark coil).

While interested in model aeroplanes and some other things, electricity
had captured me, in transition to the radio which | read about. From my early
introduction to surveying, | made a plane table on my father’s tripod (for
camera) and an alidade (of wood). Then | surveyed our house and lot. My
construction sets occupied most of my spare time in the winter. | had a
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generous kit of parts and an electric motor, from which | made some
interesting models.

My radio work naturally centered in my bedroom, which was not
uncommon among amateurs. A high aerial was desired, and the bedroom was
closer to high points for mounting. During World War |, the Government
prohibited radio reception by anyone not authorized. That was a silly rule
which could not be enforced. Like many of my friends, | connected a crystal
detector and headphones between a metal bedspringand aradiator pipe. This
was my first experience receiving signals. The high-power Navy station (NAA)
in nearby Arlington, Va., sent time signals at noon and 10 PM. After the war, |
strung an aerial between our house and the next house, over the intervening
vacant lot. That was used for many experiments in reception, and especially
formy amateur transmitter. On 210924, it was superseded by a long wire on the
opposite side of the house, and my radio work was moved to my laboratory on
that side of the basement.

Attheend of the war, when restrictions were removed, there was arash of
amateur activity. It fell into two categories. One was reception of all kinds of
signals, especially in a struggle for long distances (socalled DX). The other
was two-way communication with an amateur license. This was before radio
telephone broadcasting, so code reception was the rule. | first made crystal
receivers, then an amateur transmitter, then many kinds of receivers for the
broadcasting which was just starting.

| have retained only two of my log books, one for 1922 and one for 1923. |
have diaries from 1920, which cover the period of my amateur station 3QK.
They begin in the middle of my junior year in high school (grade 11).

Atthattime | was using the famous Circutar 74 of the Bu. of Standards for
radio theory and computations. | was visiting the famous Frederick A. Kolster,
then head of the Radio Laboratory at the Bureau, to talk about a summer job.
(Instead, | worked one more summer in my father’s office.) | was reading the
periodicals, Electrical Experimenter, Wireless Age and Radio News. A neigh-
borofours was the famous Cdr. A. Hoyt Taylor. At his home 200229 | first saw
an advanced Navy receiver operating on aloop antenna. My station (3QK) was
licensed 200424. | was receiving the experimental phone transmissions from
the Bureau (WWV) and exchanging messages with my spark transmitter. Later
that year, | became acquainted with Mr. Kolster's successor, Dr. John Howard
Dellinger, who became a lifelong friend of mine and also of my father and
mother. | bought a used typewriter, a Corona portable.

Toward the end of 1920, my father was inaugurating the Radio Market
News Service of the Dept. of Agriculture. | received the first message 201215.
This event was a factor in my employment two summers at Bu. of Standards
and in my introduction to Prof. Hazeltine.

One of my father’'s special interests was market reporting on farm
products. He became Chief of a new Division of Marketing Information.
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Watching my amateur activities with code transmission, he perceived an
opportunity for broadcasting his market reports to agents distributed over a
farm area. They could rely on local amateurs for the code reception, then post
the reports in public places. In 1920, he planned this service, which became
common in the midwest in 1921, It used code transmission from the Post
Office network of medium-power stations. In that year came the rapid growth
of radio telephone broadcasting (the AM service, as we know it today). Then
code reception was superseded by voice, which anyone could receive.

My father had many good ideas, and he was effective in getting action. He
conceived a plan for getting me a summer job at Bu. of Standards right after
graduation from high school. It may have been regarded as arecognition of my
part in the Radio Market News Service in Dept. of Agriculture and the
cooperation of Bu. of Standards in that project. He got Dept. of Agriculture to
employ two Laboratory Assistants for assignment to the Radio Laboratory for
work helpful to the News Service. The appointments went to Herbert F.
Harmon and me, starting in the summer of 1921, He had just graduated from
Grove City College, near KDKA in Pittsburgh, so he was 4 years my seniorin
formal education. We became good friends, although we were much different
in our approach. My work during that period is the subject of another section.
It led to my independent invention of the neutralization which was Prof.
Hazeltine's earlier invention.

Radio broadcasting of sound programs goes back to 1919, with trans-
mission from Westinghouse experimental station 3XK in Pittsburgh. As KDKA,
it was the first to be licensed for broadcasting, justin time for the Harding-Cox
election returns 201102. In 1921, 30 more stations were licensed, and the next
year the number grew to hundreds. They were all nominally on two fre-
quencies (360 and 400 meters, or 833 and 750 Kc). This made a bedlam of
interference after dark, when long-distance propagation occurred.

Radio licensing was under the jurisdiction of Bu. of Navigation, Dept. of
Commerce. It was apparent that some more regulation was needed. Pres.
Harding called a National Radio Conference under chairmanship of Herbert
Hoover, then Secy. of Commerce. Each of the Departments was invited to
appoint arepresentative. Inview of my father’s Radio Market News Service, he
was designated to represent the Dept. of Agriculture. The first of four annual
sessions convened 220227, This was in the winter between my two summers at
the Bu. of Standards. My father took me the first two days as a visitor. Among
the representatives were several expert consultants from the profession. My
father and | were already acquainted with Dr. Dellinger and with Prof. Jansky
from U. of Minn. Also he introduced me to other leaders with whom | was to
become acquainted in years to follow: Dr. Goldsmith from CCNY and IRE;
Edwin H. Armstrong from Columbia U.; Prof. Hazeltine from Stevens. These
conferences initiated a pattern of broadcasting on about 100 channels (540-
1500 Kc). With little change, this is the AM service of today.
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One of the features of Washington was the close association with centers
of activity in radio. Soon after WW-1, | visited the Navy's key transmitter in the
wilderness of nearby Arlington, Va., reached by trolley. It had three towers
(heights 600, 450, 450 ft.) supporting a grid of wires. Its frequency was 2650
meters (113 Kc). The large rotary spark gap was a spectacle. A recent
improvement was the “quenched gap” we captured from Germany. It was
quiet and doubled the efficiency. (After WW-1i, the Russians took the German
“Goliath” transmitter, then the highest power of any in the world.) We were
welcome visitors there and at the Radio Laboratory of Bu. of Standards.
Washington had an active Radio Club which | joined and attended rather
regularly. | was the speaker early in 1923 to describe the Neutrodyne receiver
when it was the latest thing.

Theyear 1920 saw increasing activity in phone transmission by radio. The
year ended with KDKA in Pittsburgh setting the stage for broadcasting
programs. | was using a crystal detector until the end of the year, and did not
receive KDKA (200 mi.) with my short antenna. | was receiving phone on
experimental transmissions from nearby WWV of Bu. of Standards.

In the next year, 1921, | was beginning to use the vacuum tube in a
regenerative receiver. | started working at Bu. of Standards. | moved to my new
long antenna. My firstreception of KDKA at home was 210823. (Also | began to
receive KDKA on my simple receiver with crystal detector, 210927.) | added an
audio amplifier and made my first loudspeaker. In the manner of that day, |
attached a phone receiver to the horn of our phonograph in the living room.
The Baldwin ear phone was the first to use an armature driving a nonmagnetic
(mica) diaphragm, so it was used for this purpose. That was 211231, the end of
the year. By then, there were 30 broadcast stations.

The popular interest in broadcast reception was building rapidly, but
long-distance reception was mainly the province of the amateurs. The
loudspeaker was uncommon. | dramatized the current progress by inviting
large groups to our home for an evening of listening to KDKA on the
loudspeaker. On 220325, 28 and 31, we had 3 groups totaling 80 friends from
our neighborhood, our church, and other associations. Many others were
treated to similar programs over the telephone. | held the radio earphone to the
mouthpiece. In addition to KDKA, | heard an increasing number of other
broadcasters:

WJdZ Newark (200 mi.)
wBZ Springfield (300)
WGY Schenectady (300)
WWJ Detroit (400)

KYW Chicago (600)
wSsB Atlanta (500)
WHAS Louisville (500)
WOR Newark (200)
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Occasionally | heard KDOW, the S.S. America, in person-to-person con-
versations with New York.

Around this time, as a personal favor, | made demonstrations or installed
receivers for some of the officials in my father's organization. On 220607, |
installed a 3-tube set in Secretary Wallace's home. His interest had been
aroused by a demonstration | had given at a garden party he attended 220318
atthehome of Dr. Taylorin Falls Church, Va. On 220511 | installed a similar set
in Mr. Pugsley's apartment. My choice for these purposes was the Clapp-
Eastham regenerative receiver with audio amplifier and a horn loudspeaker. It
required an outside-wire antenna, storage “A" battery and dry-cell “B"” battery.
I made a number of crystal sets as presents to some friends and relatives. Two
years later, | made a 4-tube Neutrodyne (for dry-cell operation)for Admiral
Gregory (Ruth’s father). It was installed 2411086.

My transition from the crystal detector to the vacuum tube was not
something I planned. | had an unfortunate mindset against spending money
on some “luxuries” such as a tube (at $5 each). The result was a few years
delay in my experience with radio receivers, just at a critical time in history.
The first tube | used, | borrowed from my amateur friend and neighbor,
Leonard May, on 201118 (just after KDKA started). | connected it in a
regenerative circuit. The first tube | owned was a surplus Navy tube handed to
my father 210104 by Mr. Kolster, then chief of the Radio Section of Bu. of
Standards. (1 had talked with him a year before, aboutasummer job, which did
not materialize.) It was a Moorhead “soft” tube intended for use as a sensitive
detector. My next tubes were a few surplus Army tubes (Western Electric VT-1)
from my friend, George B. Lacy, 210818. (Then | was working at Bu. of
Standards.) With my new long antenna, | first heard KDKA on 210823. Shortly
thereafter, | was given a simple receiver for test at home (ABC set from
Wireless Equipment Co.) anditincluded a few of the latest RCA tubes (UV-200
detectorand UV-201 amplifier). | was using these tubes by 210920. On 211219,
I received 2 French tubes, which | may have obtained from a “club” order by a
group at work. If so, these were the first tubes | bought, but at a reduced price.

I had an interesting “consulting” job for Major Casey of the duPont
Company in Wilmington. He made beautiful models with the latest colorful
plastics of his company. | do not recall how he happened to come to see me
231014. He wanted to make a high-grade receiver, so | advised the Neutrodyne
with some luxuries beyond the models for sale. After another meeting 240201,
he made the set, saw me again 241008, and invited me to see the set at his home
in Wilmington 241107. It was working very well. He drove me past a store which
had the latest loudspeaker (Western Electric 540AW cone type) so | bought
one and took it home. Soon afterward, he called on John Dreyer at the
Hoboken lab, to see if he had any further suggestions. When John saw the
unusual features in the diagram, he was astounded, and asked how they
happened. Major Casey told Dreyer that he had had some advice from a
college boy in Washington, named Wheeler.
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1.3 Washington 1916-26

| received quite a few unsolicited offers of employment around the time |
graduated from GWU. Especially | remember Westinghouse (Mr. Roberts and
Capt. Semmes, patent attorney) and the Signal Corps at Camp Vail (Capt.
Edwards, Capt. Andrews).

It was typical of our Washington location that we had a generous
supplement of activities beyond our school work. We entertained many
visitors to Washington, mostly relatives and friends from the midwest
(Minneapolis, Mitchell, etc.). In 1921-25, | had a very busy social calendar. This
was the time from my last year of high school through my last year at GWU.
First | had many dates with quite a number of girlfriends. Also | took my
parents and my sisters to many functions. Then | got acquainted with Ruth
Gregory in GWU. After our firstdate (240321), | had few dates with other girls.
Transportation was by street-car (or sometimesina friend’s car) until | bought
a family car241022. After that, | devoted much time to transporting family and
friends and visitors around the city. | enjoyed it, and my efforts were
appreciated. There was seldom any problem of traffic congestion or parking
space.

Vacations were not taken for granted, but my work left some freedom. On
240802 | went for two weeks on Star Island in the Isles of Shoals off
Portsmouth, N.H. | was a guest as a delegate from our church in Washington.
Before we were married, | took a few brief vacations tovisit Ruth. From 240831,
| visited Ruth a couple of daysin Lincoln Park, N.J., where | was aguestofher
Grandmother Roome on her farm. It was my last chance to meet her mother’s
mother, while she was still in good health. From 240725, | visited Ruth a week at
Richmond, Mass., where | was a guest of her elder sister, Esther Wilson, who
lived there with her family.

Washington was my home base during several activities which are
recounted in separate sections. From my days in Central High School, my first
career award came as a happy reminder. At the annual reunion on 370101, !
was the youngest one of four to receive a Certificate of Distinction from the
Alumni Association.
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1.4 Radio Amateur (3QK) 1920-22.

| operated an amateur radio station at my home in Washington after World
War |I. My call letters were 3QK, which happens to be unusually rhythmic in
code:

|l assembled my transmitter and receiver from components, some home-made
and some purchased. | could send and receive 12 words per minute. | joined
the Radio Club in Washington, but | was never an amateur at heart. My
motivation was primarily in experiments and secondarily in communication
activities.

When we moved to Washington in 1916, World War | was in progress in
Europe. Woodrow Wilson (Democrat) barely won a second term by promising
to keep us outof war. Amonth after he wasinaugurated, we joined the war. The
Government made typical blunders. They outlawed the teaching of German in
the schools. They prohibited all radio amateur stations and even all receiving
sets.

During the war, we all violated the latter prohibition, in word though notin
spirit. Inmy case, a nearby station was NAA, the Navy's high-power key station
with three towers in nearby Arlington, Va. Its code transmission could not be
kept secret, because it could easily be heard on a covert receiver. | used a
common practice, connecting a crystal detector and headphones between a
bedspring and a radiator pipe. (I should have added a tuning coil.) | heard the
time signals transmitted daily for 5 minutes just before noon and 10 P.M. It
gave me the thrill of reception of code signals, with the broadcast preamble:

QST QST QST DE NAA NAA NAA

After the wartime restrictions were removed, | prepared to qualify for a
station license. This required an operator’s license obtained by passing a test
onsome regulations, sending and receiving 5 words per minute, and a secrecy
oath. Then it required a station registration with some description. The
licenses were issued by the Bu. of Navigation, Dept. of Commerce.

Instead of the bare qualification for an amateur operator's license, |
attended the National Radio Institute in the fall of 1919, the evening course for
commercial operators. (I wasin high school, grade 11.) The lecture class work
was elementary, mostly operation and maintenance. My grade was perfect.
The code instruction was aimed at 20 words per minute for first-grade, or 12 for
second-grade, commercial operator’s license. | passed the latter, which was
customary before professional experience. | received, “License to Radio
Operator, Commercial Second Grade”, No. 12040, Dec. 15, 1919.

Then | applied for an amateur station license, which was issued 200422
with call letters 3QK. The address was 5503 33 St. NW, Washington, D.C.

In our house, | occupied a small bedroom in the NE corner of the second
floor. To the north, this overlooked a vacant lot. then the next house. My
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1.4 Radio Amateur (3QK) 1920-22
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1.4 Fig. 1 — Transmitter circuit of Station 3QK.

antenna was 2 parallel aluminum wires 40 ft. long, between my corner and the
corner of the next house, about 25 ft. above ground. My transmitter was
located on a wood shelf on the hot-water radiator (with manual key on
extension cord for operation on a nearby table). My receiver was located
nearby in a beautiful walnut-and-pine bookcase (made by my Grandfather
Wheeler long before | was born).

Fig. 1 shows the transmitter circuit, which was typical of a low-power
amateur station. The power was rated as “1.5-inch spark coil”. Using an AC
transformer instead of a DC storage battery, | realized less than half the rated
power. The spark frequency was 120 pulses per second. From input about 20
watts, | probably radiated about 1 watt at a frequency somewhat above 1500
Kc. | exchanged messages with a few friends as far as a few miles.

Any details of the receiver are not shown in Fig. 1, because it was the
subject of many experiments. | was always interested in the possibilities of the
elementary crystal set with only tuner and headphones. Also | was experiment-
ing more and more with vacuum tubes in a regenerative detector, an AF
amplifier, and later a tuned RF amplifier. Concurrently, the motivation shifted
to sound reception at all distances, with the growth of broadcasting.

Herewith is a photo of my amateur station and its operator, taken to
represent the reception of my father's first radio news report (sent in code)
201215. This event was a milestone in my father's career in U.S. Dept. of
Agriculture. It led to a series of incidents which brought me to the attention of
Prof. Hazeltine and launched my career in Hazeltine Corp.

Up to that time, | had summer jobs in or near my father's office. The last
summer (1920) | worked with George B. Lacy, whose mother was an employee
near my father's office. He also was a radio amateur, and we became close
friends, with many radio and social contacts for years afterward. He loaned or
gave to me some postwar surplus vacuum tubes (