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THE IMPORTANCE OF RELIABILITY AND‘MAl NTAINABILITY OF

ELECTRONIC DEVICES

by S. R.

Your RADIO CLUB has anteaziable a
i u. should be tr roud.

%gg%gagg %gcggégh gﬁ hgve contribute pso
much to the economic, scientific, cultural
and social development of our great nation
by helping bring to it the miracle of what
we once called YRadio" but is now the
broader field of electronics. As we all
realize, 1its benefits have permeated every
field of endeavor, be it medical, defense,
educational, industrial, etc. =you name
it ! - and electronics is there to serve
all. :

Although I cannot boast of being one of you
in membership, I can honestly say that I
have been your associate in spirit, since
as a boy, I felt the impelling urge and the
intense pleasure to build a wireless set.
When I completed my first crystal set, the
feeling of accomplishment was overwhelming
and exhilarating. From the winding of the
coils, the assembly of the detector and
the playing with the catwhisker to receive
the stations, I became an early radio add-
ict. My interest continued until I received
my EE degree, a career which I do not bel-
ieve I would have chosen had it not been for
my early interest in Radio. This small
facet of my life created in me an affinity
of belonging here among you. .

My subject tonight is the science of RELI=-
ABILITY and MAINTAINABILITY. *

"Reliability is the probability of a device performing its
purpose adequately for the period of time intended under
the operating conditions encounfered,"]

. Maintainability is defined as:

"Maintainability is the probability that a device will be

restored to operational effectiveness within a given period

CALABRO

of time when the maintenance action is performed in ac-

cordance with prescribed pro<‘:edures,"2

From these definitions, 1t is obvious that
Reliability is concerned with the probability
of survival of a device for a given period of
time; while maintainability is a measure of
the time it takes to maintain or repair a
device which has either failed or is in the
process of a preventative maintainance action.

As of this date, reliability has received
most of the attention, but because of the
high maintenance cost of our complex military
system, maintainability is now coming into
its own. Various costs of maintaining our
military equipment have been quoted in the
past.s One most prevalent figure: is that some
of our military equipment costs more than -
ten times its original procurement price to
maintain during its useful life. Another,
and most illuminating figure, is that it
costs the govermment about ten billions of .
dollars a year (i.e. in excess of 25 mill-
ion per day) for maintenance. Therefore

it should be obvious that the ideal situation
is to design devices that are less suscept-
ible to failure, but having once failed can
be repaired in a minimum of time and cost.

Those of us who have studied engineering

under past curricula, will agree, I beli-
eve that most of the stress was placed on
the pure engineering sciences, i.e. - mathe

ematics, physics, chemistry, laboratory
work and basic electrical theory, and some
electronics.

T Very little, if any thought
was given to statisties ané its application.
Therefore, when it was realized that Relia-
bility and Maintainability were parameters
that had to be considered in the design of
complex equipment, many of our best circuit
designers found %hemselves 111 equipped to
tackle the new problems which confronted them,

ABOUT THE SPEAKER

Mr. Se. Re Calabro, President of the
Aerospace Technology Corp.,
of the Unive. : of the City of New York,

He is the author of  the
" Reliability

jonal Engineer.
recognized textbook on the

is a graduate
" ;. Engineering at ITT-
( BSEE - 1939) and is a licensed Profess-.

Principles and Practices" McGraw-Hill,
1962, Previously to founding ATC, he has
held positions of Director of Product Ass- -
urance at International Electric Corp.,
and Manager of Quality Control and Test
Federal Division.

ATC is engaged in providing all fields of
-gervice to industry and government in the
- matters discussed in- this paper. o
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Most of us realized our shortcomings and In addition to the human engineering aspects
decided to do somephing to improve the sit- the design must consider all technical and,
uation. This culminated in the development environmental factors involved in the initial
of the science of reliability, which will design concept. There must be a considerat-
reach its fruition as soon as Maintainabil- ion of the limitations of weight, complexity
ity has reached the same level. Some argue and size on accessibility and replaceabil-
that there is nothing new about the prineci- 1ty of subassemblies., The advantage of using

ples involved in these parameters and that . replaceable modules in lieu of unit construc=-
they have long recognized the essentials, tion must also be evaluated. The design

and therefore the disecussion is "old hat". should also consider the effects of heat
This may be true - but it is equally true dissipation, vibration, shock, and the

that unless the factors involved are recog-  mounting of parts, as well as to specify the
nized and tabulated in an orderly and auth- proper mechanical structures which should be
orative manner they will not receive the att- used.

eption they dgserve . Some of these factors The engineer should also weigh the practical-
will now b? discussed. . ity ofgthe design with regarg to stgndard fac=
For example, the design objectives ment- tory production techniques, as well as welgh
ioned can be realized only if several fact-  the probable effects of varying environmental
ors are considered, which individually and con@itions on heat dissipation, and deterio-
collectively affect each of them. The init- Tation of parts and devise means overcoming

i | - these effects. In this regard, he must ev-
ii%ogezi%ﬁoﬁingzgﬁiﬁﬁgglgfs§;§§§f§i§§%§§i° aluate whether the most appropriate techniques

' are being used in the most effective manne{.
: igh th 1ative rit of manual Moreover, he must decide whether the required
:iggugeagtomagigeo;erZiigg or control, as performance will be achieved under all specif-
11 eed of operation programming ied conditions of imposed environmental stress
and other factors as they affect reliabij~  Power supply fluctuations, contaminents, tol-

?n interchangeabili laceability erance accumulation of circuit elements, as
R ere gea ty, rep ea ? well as temporary and permanent shifts in the

and maintainability. Moreover, sound ; ) iation of the
reliability engineering must consider the value of any item 1mpo:§d gg Zzg%a He should

: operation conditions : houl
iggig?g?iigg é?dizigggég’asigeéid2§ ggeans- also evaluate whether the desired functioning

. ed in the most effective manner
ure the greatest over-all Tellability of  $5,aC¢RrPiisied, i ¢ reliability, with a
the combination. Thus, as human engineer-  ,injmuym of "series" elements and proper and

ing takes its place besides design engin- s s v hniques.
cering, the machine pecomes an int- adequate application of redundancy tec ques
egral part of system reliability. Another consideration is to determine if the

' interaction between electrical and mechanical

Therefore,  the en inéer must consider whe- o
ther by virtue of Eia design, the mumen §s functions is optimum, This involves all mech

' : anical aspects necessary for proper structural
SPhne 0 Jenfpmins the tiings demandod  Suppors,  control of elsstromgnotic pioap by
to exceed his limits of physical strength, physical or1$2tation gr isolation, heat

. perform too many functions simultaneously, source proximity, and lead dress.
or perceive and handle information at faster
rates than his capabilities will permit ?

- Is he going to be asked to maintain monit-

" and contractural requirements. It should

The designer should also weigh the possible
effects of heat and heat transfer on the oper-
) ation of the equipment. Therefore he should
-oring vigils without adequate informational study methods gf 2onduction, ingulation, rad=

feedback, or to perform meticulous tasks i :
under difficult environmental conditions é?ﬁé@%;roﬁgnggggéﬁﬁz and cooling to overcome

and for longer periods than he can function
at a reliable level of performance ? In order to cope with the design factors, the
! electronics engineer must be a capable, mature
Or is he going to be required to perform at individual of wide experience and a thorough
peak performance, yet make judgements that gsound technical training. He must be capabile
are beyond the range of human capability of balancing cost items, manufacture, and
without adequate illumination ? Is he going jinstallation versus his desires for incorpor-
to be required to perform visual motor funce ating pet experiments or circuits which are
ctions as efficigntly as any other person or gtill in an experimental stage. A good eng-
work with tools in surroundings which are ineer who is interested in achieving reliabi-
not compatible with his physical dimensions, 71ity will select basic circuits which have been
or is he expected to have the same physical provenand tried. He will resist pressures of
stature, motivational level, training, exp- his own or of subordinates to experiment with

erience and intellectual background. and be  the untried or purel theti oncepts
of the same size and have same physical char- ° P ¥ hypotheticel c‘n phse
acteristics as any other person ?




PROCEEDINGS OF THE RADIO CLUB OF AMERICA 3

This does not mean that engineers should not
be encouraged to be creative. There is much
room for creativity in any field. It 1is
certain that nobody would be guilty of stag-
nation of progress in electronics, which is
so crucial to the defense and development of
the country. ‘

However, we are suggesting that new circuit
types be fully developed and tested in less
eritical or in commercial devices before
being considered for incorporation in highly
reliable gear, particularly if it is dest~
ined for military service. To sum it uwp -

a good designer should use simple circuits
of proven reliability in his designs. These
circuits are usually available as a result
of his own experiences, or, in some inst-
ances they may be offered to industry as
pre-packaged modules of proven characterist-
ics and reliability, by reputable vendors.

The designer should also be assured that the
circuits he selects are stable without the
necessity for excessive shielding or voltage
regulation, or that they are not critical
or marginal to the extent that special parts
mist be selected to assure the proper funct-
ioning. Such a condition is undesirable, .
‘because the replacement of a random spare
part is not feasible unless the eircuit in
which it is to be used is retuned. It is
not always possible to perform this retun-
ing under field conditions, and therefore
this type of unstable circuit should be
strictly avoided. The foregoing is a good
argument for designing or using circuits
that will accomodate parts of wlde tolerance
without imparing their operation.

Moreover, as in the case of individuals who
specialize in specific fields in order to
attain a high degree of proficiency, so must
we expect circuits to specialize. Dual-pur-
pose circuits, although generally more
economical because they use less parts, are
usually less reliable. This is one of the
major reasons why parts manufacturers' comp-
laints that the alleged lack of reliability
of their parts is not due to the parts at
all but rather due to misapplication of the
parts in the circultry. Dual circuits _are
usually blamed for such a situation. In
summary, as a general rule it is a good
principle to avoid the use of dual-purpose
circuits when high reliability is desired.

Another argument in favor of standard cire-
uits is that they are usually familiar to
maintenance men, who have seen them before
in other equipments. Therefore, this type
‘of circuit can be packaged in a module that
d's interchangeable and easily replaced,
resulting in a high degree of maintainability

A reminder for the electronics engineer vith
respect to tolerances is that he must cons-

ider the products of all manufacturérs for
the same type of approved part if he is to
gchieVQ a high degree of interchangeability.

1t i1s not unusual for a part of a particular
manufacturer not to function in some circuit
while a part from another manufacturer does,
even though each of them complies with the
applicable specifications. It is apparent

“that in this case the interaction between

part and circuit is different for each manu-
facturer.. '

A good desipner will try a cross-section of
parts from various approved manufacturers in
his circuits and check their response by
simulating tolerances through marginal che-
cking techniques. This means that specific
or critical voltages will be varied and the
outputs for specified inputs are studied, in
order that all possible effects can be asses-
sed. If this study reveals that the only
method which will permit the use of parts
from all manufacturers is to specify tight
tolerances, (such as plus or minus 1% val-
ues) then the circuit should be:redesigned,

~because ~any part cannot be expected to main-
“tain such tight tolerances: over extended

neriods, even though they have been so adv-
ertised.

Marginal checking may also be used on major
subassemblies to determine their degradation
characteristics and to pin-point the reason
for the effect. This includes the use of
programming techniques and automatic readout
to plot subassembly degradation and thereby
establish proper preventative maintenance
cycles.

Another variation of the marginal checking
idea is called "testing to destruction". In
this case various loads are imposed on a part
or device and the outputs are monitored. The
loads are veried by gradusl increments until
failure occurs. After sufficient data are
accumulated, a statistical analysis will

‘determine the safe loads, and limits can

be imposed. A deficlency of this method is
that the data are not obtained under the
conditions of actual usage. In other words,

the immediate part environment for each
‘application is not the same as that under
~which the part was tested,

nor are the
electrical applications the same.

The only advantage, therefore, of the test-
to-destruction technique is that it provides
a "ball park" estimate of what stresses the
part will withstand, and as long as the
results are regarded in this light, they
are useful to the designer. Another techni-
que that is useful in improving reliability

is called derating. In this application

‘stresses are applied to the part which are

less than those specified vwhen reliab-




 mount importance in current designs.

ility limits by the manufacturer. Various
publishec derating data and curves are ava-
ilable to the designer who is interested in
derating. : - : ‘

In those instances where the required degree
. of reliability is considered in excess of
~-what 1s conceivably practical after study
. of all the techniques we have been discuss~
- ing, the designer invariably resorts to -

‘ redundancy. This is a technique that util-
“izes one or more additional parts, compon-
ents or equipments which are intended to
- sustain the functions if the original fails.

Most of the time the use of redundaney is
~-not justified, because of the additional
‘costand space, but it is more than worth-
-while if the advantages which accerue from
- the increased reliability are considered.
- However it ‘should be used only when there

- are no other more-economical avproaches poOsS~

“sible, because it is'usuglly the most

. costly method.

- From the foregoing, it should be obvious
~that the man-machine interface is of para-
No
longer can we neglect this important aspect.
. Our aireraft travel too fast, and our

- equipment is too complex to neglect the .
effect of operators, not only from the reli-

- * . PROCEEDINGS OF THE RADIO CLUB OF AMERICA

ability standpoint but also from the security
and life considerations. An error in Jjudge~
ment by a fatigued operator could cost -the
lives of many, or could spell the difference
between success and failure of a military
engagement, :

The techniques used to assure good reliable
and maintainable designs are highly special-
ized in their technical aspects, but it was
not my intention to get into these technical
specifics.. For example technical subjects
of "interest would have been considerations
of various redundancy configurations, and
an explanation of mission, time and equip-
ment availability, new time sampling tech-
niques, and the principle of the time cong-
traint as applied to maintainable designs.,

I have attempted to acquaint those of you who
have not been exposed to the reliability and
maintainability concepts with some of the
underlying thoughts which compose this new
sclence. If I have succeeded in doing this

I have more than.fulfilled my objective.

*.1,2, ,
adsze
.- References see "Reliability, Principles
and Practice” by S. R. Calabro, Publ. 1962
by MeGraw-Hill Company. Chapters 1 and 9.
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STUDENTS SCIENCE AWARD

The 1963 recepient of the STUDENT SCIENCE
HONOR AWARD given by the Radio Club, is
Joseph Goodbread, a senior of the Jamaica
(L. I.) High School. This award is given
annually for out standing work in the Sci-
ence Honors Program conducted by the Colum-
bia University School of Engineering and
Applied Science,

The AWARD, a cash gift, was delivered by
club president Batcher, at a ceremony at
the S. W. Mudd Engineering Building of the
University, on_ April 22. The Columbia
Science Honors Program was selected as the
best media for selecting the most qualified
student who shows unusual talents in sci-
entific matters. It is granted each year
by the Club to encourage research of the
type that requires original thinking as well
as individual efforts and ingenuity. Club
Directors Bowes and Houck were also in
attendance at these ceremonies.

The Science Honors Program, guided by Asst.
Dean Donald Barr of Columbia,. has the sup-
port of the National Science Foundation.
Bach year around 350 students are selected
by competetive examinations from .about 1800
nominees made by the science staffs in some
two hundred and fifty junior and senior high
schools in and around New York City. Thus
the very privilege of participating in this
program is quite an honor.

Left -
Ralph R. Batcher, (Radio
(Jamaica, N. Y.) winner

Honors Award for 1963.
Paul Tukey, Hillside N.

Dean Donald Barr

program is quite an honor. The 350 stud-
ents so selected spend 30 Saturdays a year
in lectures, discussions and laboratory
research programs in one of. several fields
of science, vhich range from anthropology
and biology to astrophysics and advanced
mathematics. )

Joseph previously had completed several quite
sophisticated projects of his own, at his own
home, and was assigned to a group developing
an electron microscope, under the direction
of" Professor L. D. Peachey and Mr. Joseph
Thomas-Hazell. He soon thereafter became the
group leader on this project. He will enter
Princeton this fall and expects to specialize
in bio-engineering.

The Club has made this Award for the second
year. It may be of interest to report on a
{ol%OWHug on the_youth who received the honor
ast yeary Mr, Paul Tukey of Hillside, N. J.
It happened that about the same time that he
received the Radlo Club Award, he was also
selected by the American Field Service as an
exchange student to represent the U.S.A. in
Italy and spent a year at the .scientific

High School in Naples. Paul will also enter
Princeton this fall.

Your directors who attended the ceremony this
year were greatly impressed with the scope of

the work at the Columbia Science Honors Pro-
gram and the talents and ingenuity shown by
all of these budding

sclentists.

(Columbia TUniversity),
Club) and Joseph Goodbread-
of the Club's Science
Right - Dpean Barr with
J. who won the award 1962.
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Newsbriefs '

WIRELESS ANTIQUES

After an editorial that appeared in these
pages last year, regarding the best method of
disposing of interesting specimens of early
types of wireless apparatus, we have received
a number of comments. It seems that there is
a growing interest in: collecting "wireless"
antiques, and that this hobby might become as
important a hobby as that of old cars. )

‘We have heard of many such pleces now at hand
in the laboratories of some of our members,
and that there are other interesting specimens
‘among the effects of others now deceased. As
an example the laboratory of the late Robert
Se. Kruse has a number of early General Radio
and Grebe, etce., items. We are still looking
for answers that we can pass on to anyone who
has more equipment pieces on hand than they
have storage space. It seems that good items
of early gear often get thrown out when such
collections are disposed of. It seems that
most of our younger engineers generally look
-at all such items as junk
vagible transistors in them!

To bring things to a head, we decided to try
out an experiment for just one issue of these

Proceedings. In our Fall issue we will include

a page of HAVE AND WANT ITEMS, 1listing only

apparatus available or wanted, dating before the

year 1925, To prevent this becoming a chore

to the volunteers on our Publication Board, we
ask that you just type out your own copy using
a line length of about 65

This fee for each four

7 lines will about cover
handling costs.

Mark the copy APPARATUS.

We cant take time to handle these small billing

accounts, hence the‘advance payment. :

Whether this experiment will be repeated will
depend on the results of the response, but we
will try anything once. Incidentally, Harry
Houck,
in charge of long range plans involving the
CLUB's participation in preserving early radio
apparatus items,
manuscripts,y and other good historical items.
‘He will have comments about these plans

in these columns later.

- Incldentally, the Archives Committee ,
-would be interested in collecting current
‘data on equipment mmseums of appreciable
sizes, and on any values that are being
placeé on early equipment examples, that
result from sales and transfers. :

- not having any sal-

e i characters per line
%3u¥°ffns§p%?g&ou§33§p§h%3 YhER #8500, +f9E  each

Chairman of our ARCHIVES COMMITTEE, is

and maybe interesting photos,

MEMBERS HEAR TALK

OF BIO~-MEDICAL ELECTRCHICS

The last meeting of the 1963 Spring season
was devoted to the ever-increasing need for
improved measuring equipment and technical
devices in the medical field. The paper
was presented by Carl Berkeley, #ditor of
the magazine IMEDICAL ELECTRONICS. It
seems there 1s need for a diversity of elec~
tronic '"gadgets" having serious import.

Carl, formerly Director of the Application
Research studies at Du Mont, has had long
experience in the uses of electrogics_ip a
Bg¥2g%ogfo§l% gsFouﬁga%%gg ?8¥ %gégggi:%gch~
nology. He 1s presently attending the Inter-
national Federation for Medical Electronics
Conference in Liege, which is concerned in
the evaluation of blo~medical transducers
this year, so his paper will not be ready
for these pages for a while.

He mentioned a number of projects that could
use the experience of electronic experts, so
any Club mnembers desiring specific inform-
ation as to where he can do valuable service
(as a volunteer) can drop a line to the Club
and it will be forwarded.

Roster changes

A number of additions and deletions ecan .
be made to the membership listing contained
in the Golden Yearbook. It has been our
decision to publish a supplement to that
section this Fall. The Yearbook Committee
will contact all new members taken in after
that Yearbook appeared, for personal data.
By means of this notice we ask that all
the others whose names do appear therein,
to send us any information to up-date that
information - changes in addresses, or in
employment status, and any other personal
information that should be included. The
listings of members who have resigned, and
those who have passed on since will be
drncluded.

A complete revision of the Yearbook will be
considered at a later date. Therefore
will all active members whose listing now
aovpears in the Golden Yearbook please =

DROP US A POSTCARD INDICATING ALL

CHANGES DESIRED IN THE INFORMATION

CONTAINED THEREIN. IF WE DO NOT

HEAR FROM YOU BEFORE OCTOBER 15th

WE WILL ASSUME THAT NO CHANGES ARE
. NECESSARY.
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EXPANDED COVERAGE

The pages of these Proceedings have always
been open to all those having information
of interest to our readers. 1In an effort
to increase the total number of issues in
a year, and the number of pages per issue
we wish to emphasize a couple of features
that were popular a few years back - a NEWS
COLUMN with items of personal interest to
;ndEabout members, and a CORRESPONDENCE
AGE.

The Club has always glven special emphasis
to developments resulting from individual
efforts and personal initiative. Many of
our most-read papers in past issues have
been the contributions of individualists,
like Armstrong and others, who carried out
some basiec research to an ultimate coneclu-
slon on thelr own initiative.

Contrary to much current opinions expressed
in some quarters, not all useful research
comes 1;glui: oftw eqt&pped ]%boratories,
m‘fe u gtg%fes's’or’gisno%%ge%eizgjﬁ}jégjéest%na%
one can go to for help when he is stuck,

We are thus gquite eager to get reports on
interesting projects from our readers who
are using thelr own facilities and talents
( and Yaenkee ingenuity) on experiments of
interest, whether just hobbies or of some
commercial value. If the report 1s final
and runs to a couple of pages in an issue
it will be printed as a distinct artiecle
even 1f not delivered at a meeting.

However most of these communications will
we assume, relate to notes of projects

- under way, or where agsistancee of other
like=minded individuals is desired,  who
might like to participate in some out-of-
the-ordinary hobbys new processes or an
application for an old gne; % fie%df?n of

n e

3 °§ggﬂg Fatase sgg‘ezﬁ%is%s’, develgpgen
of electro-medleal items, and the like.
Elsevhere in this issue the matter of the
collecting of wireless antiques is under
discussion. Such matters will also get
into the proposed CORRESPONDENCE PAGE,

As a result of a previous editorial, that
appeared two years ago, we have heard of
several hobbles being worked on by some
of our retired members. To encourage the
publication of such items we are working
out detalls of a plan to give citations
for the most interesting accomplishments
sent In. Full detalls soon, so start
your planning. ' _

STYLES AND FORMAT

Editorial work preparing these issues is
quite a chore, and always is just a labor
of love on the part of a very few members.
To save time for ye Editor and his staff
we ask that all manuscripts be carefully
studied by the authors, bearing in mind-
completeness, clarity and accuracy. We
will not ?ake reﬁgionsb anddintonlyt:lclgre

: wi U, on, 6 ma o author
SaEP8nY 1h: MEAREESRRE Do nene o suthorns
we believe essential data is missing.

All photographs should be clear and sharp
and on glossy paper. Sketches should be
neat and clear, Lettering size should
be consistent with the total size of the
drawing, so than when reduced to a size
suitable for our pages will remain large
enough to be clearly understood., We will
handle all retyping necessary to get more
conformity between pages, but do not have
any facilities for reworking any art work,
or for handling complex formulas. However
this should not discourage the use of any
mathematical approaches, if they are of
importance in the handling of the subject.

You all know what constitutes a good tech-
nical article, and if authors will analyze
the material he is ready to submit, in the
light of providing a text that he would
enjoy reading if it were prepared by some=
one else, every one will be happy. We do
not want to make the mechanics of submite~
ting a paper just as easy as we can.

As for presented papers, arrangements are
usually made with each speaker at the time
of the meeting or before. We prefer to get
a written copy of a lecture in hand three
weks ahead of the meeting, so that we can
have copies of the issue containing it at
hand for distribution at the meeting, This
permits the speaker to cover many additional
items during his discussion. ’ '

CORRESPONDENCE NOTES, as discussed above
follow the same rules where applicable, A
major paper may contain from say ten to a
couple of dozen typewritten, double=-spa-
ced pages. All symbols and mathematical
signs should be clearly indicated. It may
take about three typewritten pages to make
one printed pagee

Manuserlipts may be malled into the office
of the CLUB, or given to a member of the
Publication Board, as you prefer. The -
augmented Publication Board thls year will
expedite publication matters more rapidly
than in the past. } :




8 PROCEEDINGS OF THE RADIO CLUB OF AMERICA

E{TRA COPIES TO AUTHORS

It may be of interest to writers who are in
the mood for writing an article for these
pages, to know of a recent Board action
which upped the number of " Author's Copies"
from 25 to 50 copies,  so that the
author, or speaker, can supply their asso-
ciates with copies. :

If still more copies, in addition to these

fifty, are wanted for commercial uses, they
can be obtained at our publication cost, if

the order is placed at the time the copy is

sent in. This offer of free coples, however
applies only for printed papers that are at
least a couple of magazine pages long.

MEMBERSHIP APPLICATIONS

The Radio Club of America is one of the few

membership organizations in the country that
has not increased its membership dues during
its career. While costs have increased many
fold during this period of fifty five years
membership dues are still only 3. You may
know of several associates who might like to
consider joining. The application blank in

this igsue is a step you can start.
want a sample copy of Proceedings for him
drop a line to Club office.

FELIX BECOMES EDITOR

Edgar H. Felix has consented to £il1l1
that most-important job - the Editor of
these PROCEEDINGS, starting with the
next issue. Ed, a long-time member

of the CLUB recently retired as the
Manager - Pianning Co-ordination, of
the Defense Electronics Products, at RCA
in Camden. After service in WW-1 in
the Signal Corps, EA4 was instrumental in
helping establish that first Broadcasting
Station in New York City, at Ft. Wood
on Bedloe's Island.

As head of an augmented Publication Board
recruited from our members, these pagas
will be more newsy and their appearance
more frequent - IF all members remember
to forward news items, comments and any
other interesting paragraphs.

HISTORICAL EQUIPMENT CONCLAVE

We note that an amateur historical exhibit
is scheduled on August 17th at Holcomb
New York (in Rochester area). Here many
equipment classics will be displayed and
an -interesting program will take place,
including a dinner, that evening. Reser-
vations ($4.25 per person) can be made
with Lincoln Cundall, 69 Boulevard Pkwy.
Rochester

(12) New York.

If you

" Benjamin F.

ROBERT S. KRUSE DIES.

We regret to report the passing, on April 17
of Bob Kruse, an early pioneer in that 'mew'
art of "wireless", operating station &K in
Kansas for many years before calls were syst-
ematized by Department of Commerce activities,
During WW-1 Bob was a designer at the West-
ern Electric Compamy on radio equipment, and
later was an instruector at a Signal Corps radio
training school. He later was associated
with the National Bureau of Standards on radio
communication matters, and then joined the
staff at ARRL as Editor of QST, and for
his work on the first editions of the ARRL
Handbook. The author of several books and
hundreds of techniecal articles, usually not
signed, mainly dealing with that newly-open-
ed field "below five meters" - that range
of frequencies discarded by most of the comm-
ercial interests in the late-twenties.

For many years he has been a Consultant in
many projects, and with many companies. He
rejoined the Radio Club shortly before his
death.

De FOREST AUDION AWARD

Miessner has been awarded the
De Forest Audion Award medal granted by the
V. We O. A, at its meeting in Florida. As
our members know, Ben has always been a
prolific inventor since his introduction to
wireless while in the Navy in 1908. After
this stint he served with John Hays Hamm-
ond (after 1911) and with E. J. Simon
during WW 1. His early inventions incl-
uded the cat-whisker detector, guidance
control systems, single control receivers,
He has been long known for his pioneer work
in the field of electronic music. He has
long been a strong advocate of the importance
of original thinking in stimulating progress.
and has been foremost in searching for ways
vhereby inventors can be adequately compens-
ated. The Club expects to hear him discuss
these matters in a forthcoming meeting.

Notes: regarding the Science safari comments
in an editorial last year, would anyone be
interested in exchanging ideas about setting
up and using lasers? or in certain medical
equipment items that might prove of interest?
We will help similarly-minded amateurs in
some of these non~communication fields to get
together if you drop us a line.
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FOUNDED
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APPLICATION FOR MEMBERSHIP

TO THE BOARD OF DIRECTORS: 19

I hereby make application for membership in THE RADIO CLUB OF AMERICA, and agree,
if elected, that I will be governed by the Constitution as long as I continue a member and refer to
the sponsors named who are personally known to me.

_ (Please type or letter all informaticn and read extracts from the Constitution on the back of this blank.)‘

FULL NAME (Family Name First) (Given Names)

BIRTHPLACE (State or Country) DATE OF BIRTH AGE YEARS

NATIONALITY (Of what country is applicant a citizen?)

Address—
*Home [J

* Business []
* Indicate by X address to which notices should be sent.

, NAMES
EDUCATION : o OF SPONSORS
SECONDARY SCHOOL : DATES
, ' 1
to
COLLEGE OR UNIVERSITY (1) ATTENDED 5
DEGREES RECEIVED DATE
3
to.
COLLEGE OR UNIVERSITY (2) ATTENDED
DEGREES RECEIVED : DATE
OTHER SCHOOLS (Names and Dates)

MEMBERSHIP IN OTHER CLUBS OR SOCIETIES
(Techmcalor Radio)

SIGN FULL NAME WITH PEN
Do siot ﬁll n below thu Ime (see ather side) »

: Recelpt acknowledged ‘ _' i Letters to SPonsors 1 .. Sponsors Letters 1.
Deferred.,.., .............. Elected .............. . A*“ R S . . o ' :
Advised of election a. L S

. “ .




What particular branch of the radio art are you most interested in?

DETAILS OF PRESENT OCCUPATION

(Gcneral Nature of Work Done by Your Firm [or Department] and Nature of Your Own Duties)

DATES
From
To
Present
Date
PREVIOUS EXPERIENCE
(Prior to Present Occupation—Most Recent First)
DATE TYPE OF WORK

EXTRACTS FROM THE CONSTITUTION

ART. T Sec. 2. Tts object shall be the promotion of co-
operation among those interested in scientific investigation and
amateur operation in the art of radio communication.

ART. II Sec. 1. The membership shall consist of :
(a) Members
(b) Fellows
(c) Honorary Members

Members, Fellows, or Honorary Members shall be entitled
to all privilges of the Club except that Fellows only may hold
office or be elected to the Board of Directors.

Sec. 2. A Member shall be a male or female person, not
iess than seventeen years of age, who has been interested in the
investigation of the principles of radio- communication and in
radio operation, either in its commercial or amateur aspects, for
a period of at least one year.

Skc. 3. An Honorary Member shall be a person of high
r():rofessional standing who is interested in the activities of the
lub.

Sec. 4. A Fellow shall have been a member in the Club for
five years or one whose contributions to the Radio Art are of
such a nature as to qualify him.

ART. III ADMISSIONS, EXPULSIONS AND RESIGNATIONS

Sec. 1. An applicant for admission to membership shall
present the prescribed application, properly filled out, to the
Corresponding Secretary. The application shall contain the
names of three Fellows or Members to whom the applicant
is personally known.

SEc. 2: Applications for membership shall be acted upon
at the discretion of the Board of Directors.

Skc. 3. The Corresponding Secretary shall notify an elected
candidate of his election and forward to him a statement of
entrance fee and initial dues.

Sec. 4. Members found delinquent in their duties may be
tried by the Board of Directors, and upon decision of the
Board their names shall be submitted to. the Club to deter-
mine their suspension or expulsion. A three-quarters vote of
the Club will be necessary to ratify such action of the Board.

Sec. 5. A member may resign his membership by a written
communication to the Corresponding Secretary, whoe shall pre-
sent the same to the Board i hen, if all his dues
have been paid, . his:resigiatio épted.

ART. IV ENTRANCE FEE AND DUES

Sec. 1. The annual dues payable by Members shall be
Three Dollars; for Fellows, Five Dollars. The entrance fee pay-
able by Members on election to membership shall be One Dol-
lar. Honorary Members shall be exempt from payment of any
dues or fees.

Sec. 2. The annual dues shall be payable on the first day
of each calendar year, in advance of the ensuing year. It shall
be the duty of the Treasurer to notify each Member or
Fellow of the amount due.

Sec. 3. Every Member or Fellow, upon payment of his an-
nual dues, shall be furnished with a membership card bearing
the signature of the Treasurer.

SEc. 4. Persons elected to membership after July st of any
year shall pay only one-half of the dues for that year.

Sec. 5. Any Member or Fellow whose dues become two
months in arrears shall be notified by the Treasurer. Should -
his dues then become four months in arrears, he shall again
be notified by the Treasurer. Should his dues then become six
months in arrears he shall forfeit his connection with the Club.
The Board of Directors may, however, for sufficient cause
temporarily excuse from payment of annual dues any Member
or Fellow or extend the time for payment.

Sec. 6. Every person admitted to the Club shall be con-
sidered as belonging thereto and liable for the payment of all
dues (except as per Sec. 7 of this Article) until he shall have
resigned, been expelled or have been rel ved therefrom by the
Board of Directors. )

Sec. 7. Any Member or Fellow not in arrears, upon pay- ‘
ment of One Hundred Dollars shall be exempt for life from
the payment of Annual Dues.




Delivered In Quantity...

MINIATURE

Narrow Band-Pass Crystal Filters

- The Midland Type FB Series is a group of hermetically
~ sealed, eight-crystal, narrow-band filters that provide band-
widths in the range of 2 KC to 30 KC @ 6 db, with a
center frequency of 10.7 MC. They are designed to operate
in the environmental temperature range of —55°C to
+90°C with an insertion loss of 4 db max. and an inband
ripple of .8 db max. The Type FB narrow-band crystal

filter is ideally suited for design in two-way communication
~ systems, telemetry systems, electronic instrumentation
equipment and other 10.7 megacycle applications where
~ small fractional bandwidth filtering plus a high degree of
~ selectivity and temperature stability is required. It can be
~used to best advantage in designing single-signal RF stages
to give greater adjacent channel separation and perform-
ance reliability, in addition to conserving space and reduc-
ing material and manufacturing costs. Midland invites in-
quiries in assisting with any engineering problem where the
use of crystals and crystal filters is proposed.

Specifications

, FB-5

CenterFreq.* . . . . ... ... ... ' 10.7+375
CcPS

BW@6dbMin. . .. ........ 13 KC
BW@60dbMax. . . . . ....... 23 KC
60db/6db BWR Max. . ....... 1.8
BW@80dbMax. . . .. ....... 26 KC
Ultimate Rejection Min. . . . . . .. 105 db
Req. Source/Load Resistance (R,) . . 1 K ohms
Inband Ripple Max. . . . . . .. ... -8db
InsertionlossMax. . . . . .. .. .. 4 db
BW@1ldbMin. . .......... 10 KC

*Center freq is the arithmetic mean of the frequencies at 6 db.

ATTENUATION IN DB

8

75 TYPICAL
70 FREQUENCY
65 RESPONSE
60 OF TYPE
55 FB-5

\ ]

=35 -30 -25 -20 -15 -10 -5 107 +5 +10 +15 +20 +25 +30 +35
KC KC KC KC KC KC KC MC KC KC KC KC KC KC KC
FREQUENCY

Operating Temp. R —55°C
Qperat 230 s p. Range: to +90°C
Vibration: lg gto2 KC

Max. Input Level: +10 dbm

MANUFACTURING COMPANY, Kansas City 15, Kansas

WORLDS LARGEST PRODUCERS OF QUARTZ CRYSTALS’

DIVISION PACIFIC INDUSTRIES INCORPORATED ?! ?—

SALES COMPANY
MANUFACTURERS P

RIDGEWOOD ‘0' nz q;nsev »




MEASUREMENTS —

1939
MODEL 54 STANDARD SIGNAL GENERATOR —
Frequency range of 100 Kc. to 20 Mc. The first
commercial signal generator with built-in:tuning
motor.
MODEL 65-B STANDARD SIGNAL GENERATOR
— This instrument replaced the Model 54 and

incorporated many new features including an .

extended frequeney. range of 75 Kc. to 30 Mc.

1940
MODEL 58 UHF RADIO NOISE AND FIELD

STRENGTH METER — With a frequency coverage .

from 15 Mc. to 150 Mec. This instrument filled
a long wanted need for a field strength meter
usable.above 20 Mec.

MODEL. 79-B PULSE GENERATOR — The first
commercnally bunlt pulse generator.

1941

MODEL 75 STANDARD SIGNAL GENERATOR —
The- first generator to meet the need for an
instrument . covering the I.F. and carrier ranges
of high frequency receivers. Frequency range,
50 Mc. to 400 Mc.

1942

SPECIALIZED TEST EQUIPMENT FOR THE
ARMED FORCES. WORLD WAR II.

1943

MODEL 84 STANDARD SIGNAL GENERATOR —
A precision instrument in the frequency range
from 300 Mc. to 1000 Mc. The first UHF signal
generator to |ncIude a self-contained pulse mod-

ulator.
1944

MODEL 80 STANDARD SIGNAL GENERATOR —
With .an output metering system that was an
innovation in the field of measuring equipment.
This signal' generator, with a frequency range
of 2 Mc. to 400 Mc. replaced the Model 75 and
has become a standard test instrument for many
manufacturers of electronic equipment.

1945

MODEL 78-FM STANDARD SIGNAL GENERATOR
— The first instrument to meet the demand for
a moderately priced frequency modulated signal
generator to cover the range of 86 Mc. to
108 Mec.

1946

MODEL 67 PEAK VOLTMETER — The first elec-
tronic peak voltmeter to be produced commer-
cially. This new voltmeter overcame the limita-
tions -of . copper oxide meters and electronic
voltmeters of the r.m.s. type.

1947

MODEL 90 TELEVISION SIGNAL.- GENERATOR
— The first commercial wide-band, wide-range
standard signal generator ever developed to meet
the .most exacting standards required for high
definition television use.

1948

MODEL 59 MEGACYCLE METER — The familiar
grid-dip meter, but its new design, wide fre-
quency coverage of 2.2 Mc. to 420 Mc. and
many other important features make it the first
commercial instrument of its type to be suitable
for laboratory use.
1949

MODEL 82 STANDARD. SIGNAL GENERATOR —
Providing the extremely wide frequency coverage
of .20 ‘cycles to 50 megacycles.” An improved
mutual inductance type attenuator used in con-
junction with the 80 Kc. t6°50 Mc. oscillator is
one of the many riew features.

“FAMOUS. FIRSTS” |

1950

MODEL 111 CRYSTAL CALIBATOR — A calibra-
ter that not only provides a test signal of crystal-
controlled® -frequency but also has a self-con-
tained receiver of 2 microwatts sensitivity.

1951

MODEL 31 INTERMODULATION METER — With
completely self-contained test signal generator,
analyzer, voltmeter.and power supply. Model 31
aids in obtaining peak performance from audio
systems, AM and FM receivers and transmitters.

1952
MODEL 84 TV STANDARD SIGNAL GENERATOR
— With a frequency range of 300-1000 Mc., this
versatile new instrument is the first of its kind
designed for the UHF television field.

1953

MODEL 59-UHF MEGACYCLE METER — With a
frequency range of 420 to 940 megacycles, the
first grid-dip meter to cover this range in a single
band and to provide laboratory instrument per-
formance.

1954
FM STANDARD SIGNAL GENERATOR. Designed
originally for Military service, the commercial
Model 95 is engineered to meet the rigid test
requirements imposed on modern, high quality
electronic instruments. It provndes frequency
coverage between 50 Mc. and 400 Mc.

1955

RADIO INTERFERENCE MEASURING SET. An
aperiodic noise meter useful to 1000 Mc.

1956

MODEL 505 STANDARD TEST SET FOR TRAN-
SISTORS. A versatile transistor test set which
facilitates the measurement of static and dy-
namic transistor parameters.

1957

RADIO FIELD STRENGTH AND INTERFERENCE'

MEASURING SET. A tuned radio interference
and field strength set covering the frequency
range- of 150 Mc. to 1000 Mc.

1958

MODEL 560 STANDARD FM SIGNAL GENERA-
TOR — First successful FM Signal Generator
using solid state modulator.

1959

MODEL 700 FREQUENCY METER—A com-

pletely new concept of frequency measurement.

An instrument capable of direct and continuous
_ reading to one cycle in-25-1000 Mc. range.

1960

MODEL 139 TEST. OSCILLATOR — A compact,
versatile, and portable instrument for rapid and

accurate alignment of I.F. circuits in all types of

radio receivers.

1961

MODEL 760 STANDARD FREQUENCY METER —

.An accurate, simple to operate, direct read-out,
portable instrument designed for servicing two-
way mobile radio equipment.

1962

MODEL 140 STANDARD DEVIATION METER —
_ A portable, self-contained instrument designed
to accurately measure the peak deviation of
F.M. transmitters. Frequency coverage from 25
to 1000 Mcs.
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Another fallicrafters FIRST - - - K
with § SB !
New kind of information center

brings you all the things
you don’'t want to get away from

If you need a portable only for an-occasional picnic, then

& frankly this one is out of the ball park. But if you are a man
of action whose interests demand important and reliable in-
formation wherever you go . . . read on.

This precision communications instrument utilizes the same type
of high performance hand-wired circuitry and features employed in
Hallicrafters’ finest professional and military receivers.

Four separate short wave bands bring you news of im-
portant world events, direct by short wave (in English)
from Moscow, Berlin, Havana, London — with as many
different viewpoints. And you can monitor radio ama-
teurs, military, aviation, government and disaster fre-
quencies at will.

The low-frequency band brings you reliable aviation data and
government weather reports from hundreds of miles around, 24 —= S
hours a day . . . plus Consolan marine navigation . . . and you'll ‘\_‘L‘ ey

hear home-town stations from hundreds of miles away on the
extreme-sensitivity AM band.

% Six bands — four short wave (foreign, amateur, government,
military, disaster frequencies) plus extended-range AM plus
long wave band for aviation weather and marine navigation,

% BFO for code, single sideband and Consolan (marine naviga-
tion system) reception.

% Weighs only 12 Ibs.; plays up to 500 hours on ordinary flash-
light batteries.

% llluminated, rotating dial shows band in use.
% Three-position tone control.
- % Vernier fine-tuning knob for far-away stations,

W"‘3000 Pnrtable

6-band . , * This is no “ordinary” portable, but a six band, precision com-
-band, l:o.mmunicatmns-type » - munication instrument utilizing the same type of high-perform-

SHORT WAVE /LONG WAVE o - ance, hand-wired circuitry and features found in Hallicrafters

finest - professional and military -receivers. Completely tran-

plus AM RECEIVER - sistorized. Priced under $200.00.-




In 1860, with war impending, need became acute for
communications between the East and California. The
Government established the Pony Express to carry the

mails. Horses were kept at*‘stages” every ten or fifteen miles

between St. Joseph (Mo.) and the Pacific.

Each rider covered some seventy-five miles. Neither snow

nor rain, mountain nor desert, nor the attacks of hostile

Indians stopped them. They traversed in eight days the

distance a stagecoach required twenty-four days to travel,
After eighteen short months, the telegraph replaced

RIDERS 70

them. But the heroic hoofbeats of their horses have
thundered down a hundred years of history.

Messages today travel at the ultimate velocity:
the speed of light. Via REL tropo scatter radio, a part of
so many wilitary and civilian systems, they also leap
lightly over obstacles. In Herculean strides of up
to 500 miles, they by-pass old barriers—vast stretches
of snow, desert, and mountain.

That’s why REL can take your communications
problem in its stride, too. Why not call or write today?

Radio Engineering Lahoratories - Inc
A subsidiary of Dynamics Corporation of America
Degt G ¢+ Long Island City 1, New York

REL

THE S FA:
Lhe

Peny
Express

Creative careers at REL await a few exceptional engineers. Address résumés to James W. Kelly, Personnel Director.




