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ESTIMATING MICROWAVE S/N RATIO

An easy method of predicting the performance of microwave

T I$ INTERESTING to demonstrate how the
I performance of microwave communication
circuits can be predicted without going through
laborious calculations of field strengths, an-
tenna currents, microvolt sensitivities and
other factors usually considered by radio engi-
neers when working with circuits operating at

lower frequencies.

Assume, for instance, that there is a non-
directional radiator sending energy uniformly
in all directions. Let the total power of the

transmitter be Py.

At a distance of 1 unit (a foot, or a meter,
or a mile) a surface around this antenna would

have 4= square units, so the power per square

P
unit must be Iz By this reasoning it is ap-

T
parent that at any distance, R, in feet, the
power per square foot is,
P,
4R’
If a directional antenna is used, the power is
effectively increased by the gain of the antenna.

communication circuits.

By A. C. OMBERG
Section Chief
Research and Development

If the gain of the transmitting antenna is Gy
the power density at any distance, R, becomes,
Py G
-l (1)

4xR?
A receiving antenna placed in this field will
intercept some of the power. The amount it
will intercept depends on its effective pickup

arca or aperturc. A microwave receiving

antenna can be thought of as a funnel which

scoops in power. The effective arca of this

-9

A . . .
funnel is4 for a nondirectional or isotropic
antenna. Thus, for a wave length of 1 foot a
cffective

nondirectional antenna has an

1
pickup area of 7 square feet.

™

If the receiving antenna has an area larger

a2
it beeomes directional: that is, it
=

receives better from certain directions.

than about

This
“gain.”
‘The gain of a receiving antenna can be seen

directional property is often called

to be 4xA, where A is the area cxpressed in
square wavelengths.

Thercfore, with a receiving antenna whose
arca is Ay and which is located a distance R
(Ap and R in the same units) from the trans-
mitter, the power intercepted is,

Pi Ga Ag
4zR?
Substituting,
Gyr = 47AR
s
hence, power reccived is, Py Gr G 12 (2)
16%* R?

Figure 1 shows a nondirectional radiator.
From this illustration it is easy to see how the
transmitted power is ‘“thinned out” as it is
The
simple fundamental formulas are given and

spread over larger and larger spheres.

FORMULAS

(/) TRANSMITTER
POWER = Pr

(2) RAROIUS OF
SPHERE
R

QB) AREA OF
SPHERE
4 77 R2

@) POWER PER
UNIT ARERA

pr

477 RZ

(5) ARERA OF
RECEIVING
PNTENNA =Ag

(6) RECE/IVED

POWER
P - prﬁR
R-arrR2

Figure 1—Free spoce radiation pattern of nondirectionol microwave transmitter.
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and frequencies.
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Figure 3—An ideal condition for microwave communication with directional antennas,
and an example of power calculations.
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Figure 4—A and B: Radiation striking
ground combines with direct rays to
increase or cancel strength of free
space field, thus dividing energy into
lobes. C and D: Number of lobes and
height above ground of first lobe de-
pend on transmitter height in wave-
lengths.

an example computed. In this example, the
power per square foot at a distance of 10 miles
from a one watt isotropic radiator is shown to
be 2.85 X 10~ ' watts. Since there are 3.5 X 10'°
square feet on the entire surface of the sphere
the total power is 2.85 X 1011 X 3.5 X 101

or 1 watt total radiated power.

Signal-To-Noise Ratio

The usefulness of this received power is
limited by the ever-present thermal noise. The
thermal noise in a perfect receiver is known to
be KTB watts, where,

K is Boltzman’s constant,
T is absolute temperature,
B is the bandwidth in cycles.

Unfortunately, we do not have perfect re-
ceivers. Every receiver adds some noise to the
rock bottom KTB. The amount of this added
noise can be measured, and is expressed in
terms of a multiplicative factor Nt called the
noise figure of the recciver. The noisc power
present in a recciver is,

NF X KTB
A perfect receiver can thus be seen to have
an NF of 1. A poorer receiver will have a
correspondingly higher noise figure.
With the signal power and the noise power

derived, it is a simple matter to write the
signal-to-noise ratio:

Py Gy Gy &2
S Signal Power 162 R?
l\'<= Noise Power - . 3)
Ni© KTB
or, S A \?
S I)l- (11 (’R (m) o
N NF KTB (

In order to facilitate the rapid estimation of
circuit performance, formula 3 can he re-
arranged as follows:

(S/N).lh = + 204 by + (;Tm, + (;"-lh + Prdh;

— NFa, ~ Ban, — Ay

db

where,
2044, = db below 1 watt for noise power in
1 cycle,
}1«'“) = transmitting antenna gain in db,

2

Gy, = receiving antenna gain in db,

PT-lhu = power of transmitter expressed in
db above 1 watt,

NF4, = noise figure in db,

Ba = 10 logs B, where B = bandwidth
in cycles,

Aqry, = 20 log ey

The last factor is the attenuation between
two isotropic antennas scparated by distance
R. The value of 20 log 2/4xR has been plotted
as a function of R in miles and f in megacycles
and is shown in figure 2.

‘To demonstrate how the preceding formula
is used to estimate performance, let us con-
sider #n example in which we wish to find the
signal-to-noise ratio for a 4000 mc circuit of
50 miles. Assume that the following conditions
exist: 1) transmitting and receiving antenna
gains are 25 db, 2) transmitted power is 10
watts, 3) the recciver has a bandwidth of
100,000 cycles, and 4) the receiver NF is
<25 db. Then,




(S/N)au = 204 + 25 + 25 + 10 — 25
— 50 — 142 = 47 db

The value of 142 db is found from figure 2 as
corresponding to 50 miles and 4000 1nc.

Propagation Factors

Since the foregoing considerations all have
been based on free space propagation, they
hold only as long as the gain of the transmit-
ting antenna is sufficient to produce a beam
which can be tilted so as not to strike the
ground. This procedure is often practical at
microwave frequencies, especially when hilltop
to hilltop links arc employed. Figure 3 shows
a somewhat idealized example of such an

installation. Using this illustration,
Received Power (Py) = Power per sq. ft. X

Reeciving Antenna Area, or

p, =1 bt X A
R 41:R2 TR
- P Gy .,‘\"
4zR?
Since,
47/
Gy =—
76
Gya?
Ap = .

Substituting A in the equation for Py,
P, = Py Gy Gy #?
4zR? X 4z
P Gy Gy #7,

(4=R)?

Considering a numerical example where,
P, = 1 watt,
Gy = 100,
Gy = 100,
R = 52,800 feet,
» = 500 mc = 0.6 meter,
»? = 4 square feet:

b _ (D0100)(100)(4)
YT 3 %100

= 1.1 X 10 % watt.

When the radiation strikes the ground, the
direct and reflected ravs combine cither to
increase or cancel the strength of the free space
ficld, thereby dividing the energy into lobes.
The received power then might be anywhere
between zero and 6 db above the value indi-
cated by the foregoing procedure. Figures 44
and 44 illustrate this process. Figures 4c and 44
show how the height of the first lobe and the
distance between lobes depend on the height
above the carth in wavelengths.  Thus, at
micro-wavelengths a relatively small increase
or decrease in the height of either the trans-
mitting or receiving antenna will serve to place
the operation in or near the maximum of a
lobe, so long as the line-of-sight condition

cxists.

It is then possible to estimate the per-
formance, that is the signal-to-noise ratio, of
a circuit to a fair degree of accuracy. To make
this estimate it has been shown that only sim-

ple, fundamental methods are required.

Arthur C. Omberg

As CHikF of the Engineering Re-
scarch  and Development  Section,
quict, soft-spoken Arthur . Omberg
directs all Bendix Radio long term
product development and electronie
rescarch. A native of Memphis,
Tennessee, and a tvpical southerner,
he is a graduate of Vanderbilt Uni-
versity, receiving his B, S. in 1932,
his M. A. in 1934 and his E. E. degree
in 1935, During 1928 and 1929 he
was at sca as radio operator for
Radiomarine Corporation. As trans-
mitter engincer with WSM at Nash-
ville, Tennessce, between 1932 and
1942, he became widely known in the
entirc arca as a consulting cngincer
on broadcast station problems and
survevs. For a large portion of this
time he was also consulting physicist
to Vanderbilt Hospital. In July, 1942,
he transferred to the Signal Corps as
Assistant Chief of the Operational
Research Branch.

"Speak Softly—"?

AFTER SOME INSPIRED CON]JURING bv the United States

Government, three short-wave transmitters near Cincin-
nati are busy producing the loudest voice in the world
for the amazement and edification of South America,
Europe, Africa, and cyen more remote points. These 200-

kilowatt transmitters Yost $1,500,000 and were built
the Crosley (Qorporatipn tof help our govern

pete with cnenyy propfgantfa. 9
democracy sound Swyet W t ]

but we keep thinking of our casv chair and its shirt-
sleeved occupant, with a pipe and magazine rack on one
side, the radio on the other. We tune the radio, per-
chance listen to it—ave, there’s a rub! For in that post-
war world, what programs fill the air!
casts of contention over oil, land, and air routes, fade
beside the awful possibility: of competitive nations trving
to outshout cach other.

Present fore-




BENDIX

ENGINEERING ORGANIZATION

W. L. Webb

THERF, ARE A5 MANY wavs of organizing
an Engineering Department as there are
persons in it; but regardless of the form of
the organization, it must accomplish certain
pritne objectives. This discussion will be
confined to the requirements at Bendix
Radio, where the following basic objectives
have been established for the Engineering
group:

1) By continuous observation and investi-
gation, it must keep abreast of the field in
which the products of the Company are used,
in order to develop new products which will
be ahead of those of competitors.

2) It must continuously develop and de-
sign a complete line of products for the
market or markets in which the Company
:s nterested.

3) It must render engineering service to
the customers and, by continuous contact
with those customers, be aware of their re-
quirements, troubles, and problems.

4) It must provide complete engineering
service to the factory and associated factory
departments, by furnishing the necessary in-
formation for manufacturing, purchasing,
and testing of the equipment in accordance
with the requirements of the customer and
the quality standards of the Company.
Service on all the technical problems must
He given bv personal contact.

Although these could be elaborated on
and others added, basically they are our
pritne objectives. The writer has often
stated that an Engincering head, or project
engineer, is a slave to three masters; namely,
the customer, the factory and the personncl
under him. He must be constantly aware of
the needs and problems of all three and
xeep all of them satisfied.

By W. L. WEBB
Director of Engineering
and Research

A review of our past problems and organi-
zation is worthwhile before discussing the
changes that have occurred in our product
the necessity for engi-
neering organization changes to facilitate
design of better and more diversified prod-
ucts at less cost and in less time.

requirements, and

For any particular product, the design
must meet the customers’ requirements; it
must be manufacturable with our factory
facilities at the lowest possible cost; and
the amount of engincering time and money
cxpended must be consistent with the demand
for the product. In other words, it is not
good business to spend $25,000 and one
vear to design a product and then find that
not over 200 units per vear can be sold
for $250 cach. It must be emphasized that
“time is money” in the fast moving aviation
and radio industry: that a product which
has a good market and is profitable todayv,
mav be worthless a few months from now.

In the carly vears of Bendix Radio, the
project engineer was required to do every-
thing, with very little technical or clerical
assistance available. He designed equip-
ment, contacted customers, directed factory
personnel,  directed  draftsmen,  selected,
tested and designed components, made
decisions regarding rivets, bearings, screws,
allovs and other standard mechanical com-
ponents, prepared parts lists, and ordered
material. As the organization expanded
under wartime conditions and larger quanti-
tics of a given product were manufactured,
the equipment project engineer
more concerned with the problems of produc-
tion follow-up and routine work than with
development work.

became

Specialization With Growth

When a reasonablyv large staff of engi-
neers (100 or more) had been built up,
however, it became economically justifiable
to have specialists in certain fields, such as
transformers, standard electrical components,
standard mechanical components and spe-
cialized measurements. These specialists
assist us in achieving our objective by con-
serving the time and effort of design
cngineers, and by helping to obtain stand-
ardization. It certainly is not worthwhile
for each project engineer to make his own
tests  on sockets,
capacitors, switches, or other common com-
ponents, when a number of engineers can
and should use identical components. Neither

4

resistors, tube relays,

is it sound for ecach design engineer to make
his own investigation and selections of hard-
ware, greases, paint finishes, plating, ball
bearings, alloys, type of casting or other
standard parts; first, because he is not an
expert on these problems, and second, be-
cause he should be spending his time on the
development  of  the equipment.
Morcover, cach engineering section formerly
selected its own

over-all

particular grease or rivet,
and chaos resulted in the
factory, because separate specifications and
drawings existed for several greases or ball

or ball bearing,

bearings or other parts and each had to be
purchased and stocked separately, when
actually all are used in similar or identical
applications. The above examples actually
did exist in our plant and still do in some
cases.

Specifically our Mechanical Engineering
Section and Mechanical Standards Conuntit-
tee have reduced the number of standard
hardware drawings from 225 to 28 with no
sacrifice in design. Similar results have bheen
attained by the Electrical Components Sec-
tion working with the Electrical Standards
Ciommittee. The number of parts that have
been  standardized are too numerous to
mention, but they include capacitors, resis-
tors, rivets, screws, nuts, ball bearings, alloys
and hook-up wire. More progress in this
direction will be made, for both of these
groups have been functioning less than a
vear.

Recently our Measurements and Standards
Laboratory was organized for the purpose of
supplying design engincers with meters and
instruments of established accuracy, special-
ized measurement service, and meter and
instrument maintenance and, calibration.
Previously each design laboratory operated
and maintained its own laboratory instru-
ments, whether a 0.1% bridge or a 20%
ohmmeter. It is the intent now that each
design laboratory possess instruments that
are peculiar to its own work and which its
personnel uses regularlv. However, highly
precise standards, bridges, and meters that
are used only occasionally by a given engi-
nccriw group and are difficult to operate,
are permancntly set up and readv for use in
the measurements laboratory for the con-
venience of engineering personncel.  Quali-
fied engincers can use these set-ups them-
sclves or competent technicians are avail-
able to make the measurements, give the
answers and specify the accuracy of the

measurement.  This Section will soon be



located in larger quarters, where
precision equipment can be properly set up

and used.

new,

The Technical Publications Section also
is intended to help us accomplish our ob-
jectives by relieving the engineer of the
detail work of instruction book preparation,
and in many cases relieving him entirely of
This
section constantly strives to produce better
instruction books, and to have them ready
when the equipment is shipped. Important
to the success of a product is a well-written
and  well-illustrated instruction manual,
which contains the necessarv technical infor-
mation in a form ecasily understood and cas-
ily found for reference. Even more
important, it must be ready to ship with the
equipment. If the above is accomplished
with the minimum of effort on the part of
design engineers, our objectives are more
nearly reached.

responsibility for instruction manuals.

The design engineer has also been relieved
of as much clerical work as possible, by
having all routine clerical work done in the
Engineering Service Section. Here all parts
lists are made from information on drawings,
change orders are processed and distributed,
references are maintained, tracing files are
handled, blucprint service is given, routine
tracing is done, sets of drawings for Govern-
ment requirements are prepared and handled,
manufacturing releases are processed, a
technical librarv is operated, drafting stand-
ards are set up, and other clerical or routine
drafting service is given. There was a time
when the design engineer cven prepared
and tvped his own parts lists.

The Transformer Enginecering Section
designs and develops all audio and power
transformers and recactors. The equipment
designer needs onlv to make known his
electrical requirements space limita-
tions in informal discussion, and this group
designs the units and supplics models. Prep-

aration of manufacturing information and

and

production follow-up of components also are
handled by this Section, without further
load on the project engineers.

Experimental Engincering exists only to
render service to the design engineer in the
construction and assembly of his models. It
is operated as informally as possible, and a
minimum of paper work is required to get
any kind of model work done. In addition,
cach laboratorv has its own hand tools and
certain number of machine tools, so that the
engineer can do some of his own model work
if he desires, or he can have one e@f the
competent model makers available in each
laboratory do the short jobs for him without
sketches or drawings.

Our entire engineering organization is
directed toward the accomplishment of pri-
mary objectives by relieving the design engi-
neer of as much routine as possible, permit-

ting all of his thoughts and efforts to be
directed toward product development. It
is our belief that our design engineers are
the greatest single factor in determining our
success, and ecvervthing possible must be
done to give them assistance in order that
their mental attitude
structive

is conducive to con-

thinking, and maximum time is
spent on the design of the products for

which thev are responsible.

Policy Pays Dividends

This policy results in over-all savings to
the Division, because our largest engineering
cost is engincering salary. Everything in
the wav of service or facility that can be
provided the engineer, will pay dividends by
increasing his design output. Competent
specialists and routine workers can alwavs
be obtained at going rates and their out-
put can be measured. On the other hand,
really capable engineers, who 1must do
creative thinking in order that the Division
can be operated profitably, cannot be alwavs
obtained.

The fast moving aviation and radio in-
dustries obsolete equipment in from one to
five vears. It has been learned by experience
that anv firm in the industry must do a
certain amount of long term product develop-
ment or rescarch, or it will soon find that
other firms have all of the new products. It
has also been learned that an engineer
loaded with production problems and urgent
design schedules, does not have adequate
opportunity to give constructive thought to
new products. In addition, he is often too
aware of production and field difficultics
to bring himself to suggest the “impossible.”
Every effort is being made in the engineer-
ing design sections to assign Junior Enginecrs
to the project, during its carly stages, so
that thev can handle the production follow-
up, leaving the project engineer free to go
ahead with new work.

Developments for which we have an im-
mediate  market, or for which we are
reasonably certain a successful design can
be completed in a known length of time are
usually handled in our regular engineering
design  sections.  Long term development
projects which might not result in an imme-
diately salable product, but for which we
know a market can be created, are usually
assigned to the Research and Development
Section. When this group develops a new
product and completes a working model, and
it is apparent that it will sell and is practical
from a manufacturing standpoint, it is
turned over to one of the design enginecring
groups for production design and drafting.
This is necessary because it is not intended
that experienced product designers or drafts-
men will be a part of the Research group.
We will look to it for our inventions and
patent output.

5

Future Possibilities

At this point, it is my desire to inject
some thoughts on the future for the Engi-
neering personnel. In the past, most of our
products could be divided into receivers,
transmitters, or other particular equipments.
The trend of the industry now is to require
the development of integrated communica-
tion or navigation svstems. Often the trans-
mitter, receiver, control circuits, and so
forth, arc built into a common unit. In
<ome cases the antenna mav be an integral
part of the unit. Moreover, our field is
becoming more diversified. In addition to
commercial and military aviation products,
we are undertaking the development of rail-
road radio cominunication equipment, per-
sonal airplane radio, broadcast
television, and marine communication and
navigation cquipment. It is doubtful if our
receiver, transmitter and radar sections
should anv longer be separate groups; per-
haps we should have the division made by
tvpe of application, such as railroad, militar
aviation, commercial aviation, personal air-
plane, 1arine products, and consumer
product. Further, perhaps we should not
have separate laboratory and testing facil-
ities, but rather a single laboratorv for all
major experimental and testing work for
all special products, not including consumer
products. In addition, our organization
must be extremely flexible, so that we can
assign engineers to the most urgent and im-
portant projects, and not allow departmental
lines to keep one section overloaded and
another underloaded. This is the most
important point of all, because our develop-
ment load shifts from time to time and we
must be able to assign the best qualified
engineers and technicians to the projects
on which our future sales depend.

receivers,

Another point that needs a lot of thought
is our conversion from wartime conditions
to peacetime conditions. In the aviation
field, we have had what can be called mass
production. We have manufactured aviation
products at rates of from 1000 to 6000 per
month. Design for this tvpe of production
requires entirely different thinking from the
design for a total production of from 10 to
100 units. Less money can be spent in pre-
paring perfect and carefully checked draw-
ings, testing and selection of components, and
processing of over-all design. In other
words, it is often more economical and better
business to relecase a design that is onh
90% accurate and take care of the troubles
in the factory, and even in the ficld, than
1t is to spend the time and monev to make
the design 98% or 100%
must learn to “‘gamble’” more on our design,
take chances with troubles; that last 2 to
109 perfection is the most difficult to at-
tain and requires a disproportional share of
the total time and monev. Work must be
done quickly and at less engineering cost.

(Continued on page 36.)

accurate, We



AUTOMATIC GAIN CONTROL

Several improved automatic gain control systems for compact

Tul-‘. IMPORTANCE OF an autornatic gain
control svstemn that holds the output
level of a receiver relatively constant over a
wide range of input signals is well known to
designers of home and communications re-

ceivers,  The wend toward compactness,
particularly in aircraft and other mobil:
and portable services, however, imposes

limitations on components and power con-
sumption. It therefore, become  in-
creasingly difficult to design systems whose
approach  the degree  of
flatness obtained by using a scparate inter-

has,
characteristics

mediate frequeney A, G. C. amplifier, or a
d-¢ amplifier for stepping up voltages de-
veloped by an AL G. C. rectifier.
Ordinarily, an intermediate frequency Ao
G. (.

extra tube and i-f transformer, plus associ-

amplifier necessitates the use of an

ated resistors and capacitors. The conven-
tional d-c amplifier, on the other hand, re-
quires either that the cathodes of the tubes
which it controls be placed at a relatively
high d-c¢ potential, or that a source of nega-

LAST IF DETECTOR o
[AGE RECTIFIER k3 LINE
I

N>

AMPLIFIER

Figure 1—Conventional second detec-
tor-A. G. C. Rectifier System.

, DETECTOR,
[ RG.C RECTIFIER

LAST IF
AMPLIFIER

k==
=Rz

1

ve

Figure 2—Series Simple A. G. C.
System.

mobile and portable receivers.

By THOMAS G. ARNOLD, Jr.
Receiver Engineering

tive voltage be provided for the amplifier
itself. In compact veceivers, both may prove
impracticable.

Delayed A.G.C. Preferred

Delaved AL G. CL
simple A, G. C.
ulated receivers for all tyvpes of service, be-

action is preferred to
in todav’s amplitude mod-

cause it has two distinct advantages:

1) Receiver gain is maximum for weak

signals, with \. G. (. action starting at
some predetermined signal level and holding
the output relatively constant. The degree
is determined largely by the

developing

of constancy
cffectiveness of the svstem in
AL G C. voltage, and the number of ampli-
fier stages it controls.

2) There is less increase in receiver out-
put as the input signal vises bevond the
point where delay is overcome.

Several delaved A, G. (.
been developed which use a minimum nam-

svstems  have

ber of parts, and vet permit less rise above
the knee of the desired output curve than
the ordinary  diode delaved rectifier.  Of
those to be described, none require a nega-
tive power supply  voltage, nor do the
cathodes of the controlled amplifier tubes
have to be raised above the usaal biasing
potential. Onlyv an additional dual purpose
tube, with associated resistors and capaci-
tors, is needed. The results obtained with
cach svstem will be compared to those ob-
tained with the familiar twin diode second
detector-A. G. (. rectifier.

Series System Design

Figure 1 is a diagram of a conventional
Diode V1
and audio intelligence is developed across

svstem. is the second detector,
the load impedance resistor R1 and capaci-
tors (I and C5. Diode V2, the A G CL
rectifier, is coupled to the primary of the
last i-f transformer through C2, while the
rectified signal voltage appears across load
resistor R2. Alternating components are re-
moved by filter circuit R3-C3, leaving al-
most pure direct current to be applied to
the r-f and i-f stages. Delav is provided by
raising the cathode potential through volt-

6

age source Ep so that no rectification occurs
until the biasing voltage is exceeded by the
peak r-f voltage on the plate of V2.

A modification of this svstem is shown
in figure 2. lHere the output of filter cir-
cuit R3-C3 is connected to the cathode of
detector tube V1.
cathode at ground potential for both radio
and audio frequencies. A, G. (. voltage
is taken from the transformer side of load
resistor R1 through filter R4-C6. In addi-
tion to the audio voltage, a d-¢ potential,
negative with respect to the cathode of V1,

Capacitor C3 places the

appears across resistor R1, and is propor-
tional to the r-f voltage across the second-
arv of the last i-f transformer. Therefore,
the A. G. C. line has a negative voltage that
is the sum of the voltages on Rt and R2,
and exceeds the peak r-f potential at the
output of the last i-f amplifier if proper

constants are used.

AL G C

simple  conventional

In figure 3, the
veloped by a

voltages de-
svstem
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Figure 6—Series delayed A. G. C. system.

and the modified series system are com-
pared. The curves were obtained with a
receiver having an intermediate frequency
of 1630 kc. Its two i-f stages are pre-
ceded by an r-f stage and mixer, but the
A. G. (. voltage was not applied to tlIe
amplifier stages when the readings were
made.

When the r-f amplifier, the mixer, and the
first i-f amplifier are biased by the voltage
of the modified svstem, however, the A. G. (.
voltage exceeds that of the conventional
system by very little as shown in figure 4.
Small improvement in characteristic is ob-
tained with the simple series system in re-
ceivers having several controlled stages, be-
cause the higher the initial A. G. C, voltage
applied to the grids of the r-f amplifier,
mixer, and first i-f amplifier, the greater is
the reduction in gain of these tubes. The
consequent decrease in voltage input to the
Ao G. C. rectifier system reduces A, G. C.
output by a corresponding amount. This
leveling action of the higher initial voltage
precludes a proportional increase in A. G. (.
cffectiveness with the series systen.

Series Delay System

If, however, the A. G. (. system is
further modified so that a delay voltage
that is a relatively large fraction of the
A. G. (. voltage developed on moderately
strong signals is applied, the series system
gives not only an over-all improvement in
the flatness of the input versus output
characteristic, but also sharpens the knee of
the A. G. C. curve.

In a delaved A. G. C. svstemn, the max-
imum available control voltage is reduced
by an amount that is almost equal to the
delay voltage. Therefore, when the delay
voltage decreases as the signal strength in-
creases bevond the value at the knee of the
A. G. C. curve, receiver output is more nearly
constant. Figure 5 shows a family of curves
in which input is plotted against output for
various delay voltages from zero (simple
A. G. C.) to a value high enough that over-
load occurs in once of the circuits, thus
establishing the maximum output level. The
characteristic indicated by the dash line re-
sults when the delav voltage is reduced as
the signal increases.

The delayed series A. G. C. system
shown in figure 6 is based on the principle
of delav reduction. Diodes V1 and V2 are
both A. G. C. rectifiers, VI being coupled
to the secondary of the last i-f transformer,
and V2 to the primary. The cathode of V2
is raised to the desired delay potential, Ep
by using a battery as shown, or with a
voltage divider on the high voltage circuit,
or by tapping anv other convenient voltage
source.

As in the circuit of figure 2, the voltage
developed across R2 because of signal recti-



fication is applied to the cathode of VI
through filter R3-C3. Voltage across Rl,
which also results from signal rectification,
adds to that across R2 and to Ep to give
the net A. G. C. voltage. To prevent Ep
from placing a positive voltage on the
A. G. C. line in the absence of a signal or
at low signal levels, V3, whose grid and
plate are connected, is tied between the
line and ground. V3 then conducts until
sufficient signal voltage is applied to the
system to cause the negative voltage de-
veloped across load resistors R1 and R2
to exceed the positive potential of Ep.

Because of the contact potential of V3
during conduction, a small ncgative voltage
appears on the A. G. C. line regardless of
signal strength. This may be removed by
returning the cathode of V3 to a positive
potential approximately equal to the con-
tact potential. A tap on the Ep source 1s a
convenient means of obtaining this positive
potential.

V4 is an infinite impedance detector used
for the recovery of audio signals. It does
not load the last i-f transformer, and con-
sequently does not reduce the available
A. G. C. voltage recovery. Diode V1 could
be used as a combination audio and A. G. (..
rectifier as it is in the circuit of figure 2,
were it not for the fact that, with V3 tied
to the A. G. C. line, current flows through
R1 because of the delav potential Ep. The
current through R1 develops a biasing
voltage on the plate of diode VI, thereby
preventing detection of wecak signals and
causing distortion of strong oncs.

Figure 7 shows a comparison of the
A. G. C. characteristics of the series de-
layed system and the conventional dclaved
system (figure 1) when the knees of both

are at approximately the same signal level.

Direct Delay Reduction

The reduction of delay voltage with in-
crease of signal strength can be accom-
plished directly with the circuit shown in
figure 8. Again an infinite impedance de-
tector, V4, is used, and one diode plate of
a duo-diode triode, V5, is coupled to the
primary of the last i-f transformer through
capacitor 1. A. G. C. voltage is developed
across load resistor R1, and is filtered by R+
and C6. The second diode plate of V5 is
connected to the secondary of the final i-f
transformer through coupling capacitor C2.
This diode, which is tied to the cathode of
V5 through load resistor R2, is the delay
reducing rectifier. The high potential side
of resistor R2 is coupled to the grid of V5
through filter resistor R3, and the grid is
placed at audio and radio frequency ground
potential by capacitor C3.

A. G. C. delay
across resistor R5 because of the d-c plate

voltage is developed
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current flowing through it, and capacitor
(i4 puts the cathode at a-c ground poten-
tial. Since the A. G. (. diode plate is re-
turned to ground, no d-c voltage appears
across load resistor R1 until the peak voltage
on the plate exceeds the voltage across R5.
Then, with continued rise in signal strength,
A, G. C. voltage and the
potential increases across the delav-reducing
diode load R2. This increase applies more
bias to the grid of V5, thus reducing its
plate current and the delav voltage across
resistor RS, Figure 9 shows the A, G. (.
characteristics of the circuit of figure 8 with
and without delav reduction.

The delay
corporated in the circuit of figure 6 by using
a diode-triode as a combination delay re-
ducer and A. G. C. rectifier, and by in-
corporating an additional diode, VI (figure
10), as a sccond A. G. C. rectifier. The
characteristic curve obtained with this svs-

is developed,

reducing feature can be in-

tem is shown in figure 11.

A circuit similar to the svstem of figure
2 was designed by the author for a vhf com-
munications receiver. In this case, it was
not necessary to resort to a separate audio
detector, detector
small resistance  of
filter Consequently,  the
voltage developed across the former
cause of the A. G. (. line-to-ground diode
was overcome by amplified r-f grid circuit
noise, and there was no apparent detector
bias on weak signals.

load was
the

small

because  the
compared to the
SVStenis.
be-

The A. G. C. svstemms which have been
described are probably best suited for mo-
bile and portable receivers where power

consumption and the number of large com-
ponents must be held to a minimum.  All
but the last circuit can be incorporated in
a receiver by providing only filament power

for one tube and a few milliamperes of
plate current, in addition to the power re-
quired by the conventional signal diode-

A. G, (. diode svstem.
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AA.\ AVID INTEREST in all phases of

radio development  keeps

affable, ingenious Tom Arnold close

to the grind not only in the Bendix
| Radio Recciver Laboratory but also
in his home workshop. During high
school days in his native Pittshurgh,
he  built  his own radio station
(WBNWA) which he opcrated until
amatcurs were taken off the air. He
received his B.S. in Electrical Engi-
neering  at Institute  of
Technology in 1942, and during one
sumnier  vacation worked with a
switch  and signal company  long
enough to get some knowledge about
railroad signal circuits and to decide
he still preferred radio. He became
associated with Bendix Radio
mediately after graduation, as super-
airborne vhf
cquipment for the Signal Corps Train-
ing School. Beginning June, 1943, he
became junior project engincer on
the modification of the well-known
King George receiver. More recently,
as assistant project engincer, he de-
signed a noise limiter for use on vhf
receivers.
making comparison tests for the Signal
Corps in collaboration with Trans-
mitter Engincering, on the relative
merits of FM and AM for vhf air-
craft communication.

receiver

Carnegie

imn-

visor of instruction on

He is currently c¢ngaged in
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VACUUM RELAYS AND SWITCHES

An analysis of glass type vacuum switches to determine their operating

L;IIT\\'PZI(;IIT, FAST ACTING vacuum type
glass switches, whose operation is un-
affected  at altitudes, make  ideal
transfer and are used in
several  Bendix  aircraft and
antenna loading units. ‘These units operate
at frequencies from 300 ke to 18 me and
subject the relavs to peak potentials as high
as 20,000 volts.

high
antenna relavs

transmitters

Because  these  vacuum  switches  have
proved so effective, a series of experiments
was recently conducted to determine  the
feasibility: of using them in other applica-
tions where a radio circuit is interrupted

without cutting off the r-f source.

The information these
tests and subsequent calculations  should
prove useful to those who contemplate using

obtained from

vacuum relavs for such services as keving
modulating antennas, or
ferring from one antenna to another.

antennas, trans-

The wave shape of a keved circuit s
quite important and the time required to
break the r-f arc has a definite effect on
the shape of the wave as well as the speed
at which the circuit can be keved.

A portion of this test was devoted to the
determination  of  the  time  required to
break an r-f arc with a vacuum relav. Cir-
cuits were designed to produce an oscillo-
scope pattern of the r-f voltage built up
across the contacts as the armature
moved from the unenergized to the ener-
gized position. A\ formula was then derived

relay

for computing the distance the moving con-
tact opens in a given time interval,

Test Circuits

The first requirement for a measurable
pattern on the oscilloscope screen is a hori-
zontal sweep which starts simultancously
with the opening of the switch contact,
while an r-f potential is applicd across the
contacts. The is the
presence of a timing wave of known fre-

second requirement

quency in the pattern.

An R-C timing circuit in the grid of a
small triode is emploved to start and to
control the speed of the horizontal sweep.
This R-C circuit is triggered by a kev which
also controls the cnergizing  coil.
Capacitor CT and resistor RT (figure 1)
are inserted before svnchronizing operations

relay

to form part of a vertical sweep, which
times  the start of the horizontal
coincident with the opening of the relav

sweep

characteristics at radio frequencies.

By R. B. EDWARDS
Assistant Section Chief
Transmitter Engineering

contacts. The vertical sweep voltage dur-
ing synchronization is developed by CT
through RT' from the 2530-volt
power source, after the contacts open. Dur-

charging

ing initial synchronizing adjustments, the
connections marked A and “D™ are opened
to break the connection to the v-f load cir-
cuit, and to provide a higher potential on
CT. “B”
the vertical plate of the oscilloscope directls
to CT. When synchronization is completed,

Connection is closed to connect

both CT and RT are removed, “A” and
"D are closed and connection BT s
broken. This operation provides for appli-

cation of r-f voltage through the dummn
load from the antenna loading unit in which
the relav is used.

The vertical sweep starts when the relay
contacts begin to open, and the horizontal
sweep s timed to start in svnchronism with
the vertical sweep (see figures 6, 7 and 8

duced a complete pattern which covered only
309% of the screen, whercas the other cov-
ered the entire screen but left a small blank
space at the start of the sweep. Data ob-
tained by using both circuits gave a complete
picture of the action taking place.

Both systems are shown in figure 1 which
is a complete circuit diagram. Figures 2 and
3 are simplified schematics of Svstems #1
and #2, respectively. A description of the
operation of both svstems follows.

System gl (figure 2 a 250-volt
power supply and a one megohm load resis-
tor (R3). The horizontal plates of the
scope are connected across this resistor; the

uses

vertical plates are connected between  the
250-volt supplv and ground through R+.
The 6J5 tube is biased bevond cutoff by
the 135-volt battery in series with its grid,
and the spot remains near the center of the
When the key is closed, the 135-
removed, and the negatively

screen.
volt bias is
charged capacitor (C1) discharges through
resistor (R1)
also connects the negative end of the bat-
tery to ground, thus providing a path for

current from the battery to flow through the

to ground. Closing the key

Two separate circuits in the plate of the  relay coil which becomes encrgized and
sweep tube were used, because one pro-  causes the moving contact to operate. The
SCOPE
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Figure 1—Complete circuit used to time start of horizontal sweep and to study
r-f arc in relay.
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Figure 4—1000 cycle circuit used fol
time travel of relay armature from un-

energized position to closed position. |

Figure 5—Scope pattern of voltage
built up across opening vacuum switch
contacts.

time required hy Cl to discharge to the
point where the tube starts to conduct is
made equal to the time lag of the coil
cnergizing current by adjustment of RI.
Thus svnchronization is accomplished.

Svstern #2  (figure 3)
principles but, because of a different power
circuit, produces a pattern which covers the
entire scope screen, In this circuit, a 325-
volt supply is connected so that it is op-
posed by a 180-volt battery. As in System
#1, while the key is open, the 6]5 tube is
hiased bevond cutoff and no current flows
in its plate circuit, Capacitor Cl is nega-
tively charged as before. Onc horizontal
plate of the scope is at a positive potential
equal to the difference between the bucking
power supplics (325 — 180 — 145 volts). This
positive potential causes the spot to move to
the left. When the kev is closed, the same
action as hefore takes place in the grid cir-
cuit of the tube and in the energizing relay
coil. However, when the tube starts to con-
duct as capacitor Cl
moves the high grid bias, the IR drop across
the plate load resistor becomes quite high.
The 180-volt battery then takes control of
the spot, which moves to the right as the
145-volt potential on the horizontal plate is
reduced. This system produced nearly 100%

cmploys similar

discharges and re-

screen coverage and was used to obtain all
photographs except figure 9.

The simple circuit in figure 4 provides a
1000 cycle wave on the screen to time the
relay armature travel from the instant the
contact opens until it closes in the energized
position. A 180-volt battery is used in con-
junction with a 220,000 ohm charging resis-
tor and a 0.01 pfd capacitor. When the
contacts in the unencrgized position open,
the horizontal sweep starts and is controlled
by the voltage developed across the capac-
itor. The sweep stops instantly when the
contacts close in the cnergized position.
Sec figure 10 for photograph of the result-
ing pattern.

Figure 6—Pattern of voltage built up

across opening vacuum switch contacts

when 1000 cycle modulation is applied

to the 314 ke carrier. Elongated flash

across starting spot at left is the re-
turn sweep.

Results of Tests

After svnchronization of the horizontal
sweep with the opcning of the relay was
obtained (sece figure 7), the patterns in
figures 5 and 6 were photographed. Figure
5 shows the build-up of the r-f voltage
across the opening contacts. The arc formed
approximately 200 microscconds after the
relav contacts started to open, and was ex-
tinguished after approximately 1310 micro-
scconds. The 200 microsecond interval re-

n

sults partly from the comparativelv high
capacity across the contacts during the firs:
portion of travel. Timing was accomplished
bv the visible 18 k¢ modulation of the carrier
because of a convenient parasitic oscillation
in the final amplifier of the particular trans-
mitter used for the tests. Figure 6 was photo-
graphed under similar conditions, but with
the addition of a 1000 cycle modulation to
provide a means of calibrating the 18 kc
modulation on the screen.

The photographs in figures 5 and 6 were
made using sweep Svstem #2. It can be
seen that the horizontal sweep line, from
the spot to the start of the voltage huild-up,
is missing. When a similar pattern was ob-
served using Svstem #1, the line was com-
plete but the pattern was compressed to
about half-size, so that individual cvcles of
the 18 ke timing wave could not be counted.
It appears that stray r-f voltage mav have
been picked up in the horizontal sweep cis-
cuit when System #2 was used and that
this stray voltage destroved the start of the
line in figures 5 and 6. In order to get
cnough r-f voltage to produce a clear pat-
tern on the scope, some inductive coupling
was used at “M” in figure 1. It was se-
cured by running parallel leads verv close
together for a distance of a foot.

R-f voltage across the open relay con-
tacts was about 1000 volts peak at 314 ke.

Figure 7—Horizontal sweep starting at
the same time the switch contacts open.



This value is considerably lower than that
usually encountered by changcover relays at
frequencies between 300 and 600 kc in the
100 watt transmitter and antenna loading
unit used in tests. this
voltage would be about the maximum that
should be applied when using the relav to
key a steadily energized r-f circuit. The
current in the relay contacts was 1.7 amperes
before the opened. The
dummy load on the antenna loading unit
consisted of a 225 uuf, 20,000 volt mica
capacitor in series with a 10 ohm, 100 watt

these However

contacts were

carbon resistor.

The total relay armature travel time was
obtained from the pattern shown in figure
10. From measurements of the 1000 cycle
wave, this time was estimated to be 3105

microseconds.

The inductance and a-c resistance of the
relav coil winding were measured at 120
Two resistors of different

in series with the coil.

volts, 60 cycles.
values were used
Voltages across the coil, the resistor, and the
line were measured and the following data
obtained:

Series resistor Voltage across resistor

800Q2 88v

308.3Q2 50v
Voltage across corl Line voltage

46v 122v

75v 121v

The inductive reactance and a-c resistance
of the winding were calculated graphically
from these data. They proved to be 0.846
henrv and 235 ohms for the 800 ohm scries
resistor with 0.116 ampere current. When
the series resistor was changed to 308.3
ohms, the current increased to 0.193 ampere,
the calculated inductance was 0.834 henry,
and the calculated resistance was 230 ohms.
Averages of these values give 0.84 henry
and 232 ohms which figures were used in
calculating the start of the relay opening
time.

QOther
and circuit components were:

measurements made on the relay

1) Contact diamneter (for calculating

capacity) == 2.090 inches,

2) D-c resistance of coil winding=130
ohms,

between  contacts  in
-0.025 inch, and

3) Distance
energized position

un-

4) Minimum current to close relay =0.100
ampere.

Normal operating voltages for the relay
coil are 23 to 28 volts. A 500 ohm scries
resistor used in the tests gives a current of
0.214 ampere which is cquivalent to oper-
ation at 27.8 volts.

Calculating Opening Time

Using the values in figure 1 of (1 = 0.102
wfd, R1 = 18,000 ohms (the adjusted valuc of
R1), V, = 135 volts (the grid voltage on the
6J5 across C1 before the key was closed), and

V' = 19.5 volts (the potential at which the

Figure 8—Horizontal sweep starting

after the vertical sweep.

9—Horizontal starting

before the vertical sweep.

Figure sweep

Figure 10—Pattern when 1000 cycle
wave is used to time travel of switch

armature from the unenergized position
to the closed position.
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6J5 tube starts to conduct and the sweep
starts) in the formula
t

Vo= V¢ RICI , 1)

the calculated time is computed to be 3540

microseconds.

The relay current at the tiine the contacts
started -to open was calculated as follows:

Since the relay current is
Rt
i= 1 o & (2)

at any time t, when
i =relay coil current in amperes,
E =battery voltage (135 volts),

R =sum of coil a-c resistance and series

resistor = 232 + 500 = 732 ohms,
L =inductance of coil = 0.84 henry,

t =clapsed time after key is closed = 3.54 X
1072 seconds, and

£ =2.718 (base of natural log):

we get 0.176 ampere for the current at the
time the relay started to open. The measured
d-c current required to barely close the relay
contacts was only 0.1 ainpere. However the
eddy current in the steel case of the coil
reduces the flux density considerably while the

di
coil current is changing (i.e., while " s ap-
dt

preciable).

Time-Distance Formula

A formula for computing the distance
traveled by the moving relay contact in a
given clapsed time was derived. The deriva-
tion demonstrates the effect of current build-up
in the coil on the acceleration and travel of
the armature at a given instant, and provides
a comparison for a simplified formula which
The

derived formula also provides a means for

uses an average value of acceleration.

closely approximating the armature travel
and contact opening at the time the are is
broken.

‘T'he following assumptions, based upon the
physical construction of the relay, were used:

1) Since the air gap is large cven in the
closed position, the flux is assumed to be
directly proportional to the current in the

winding;

2) Because the armature travel is quite
small compared to the spring length, it is
assumed the force of the spring is constant for

the duration of armature travel;



3) The inductance and resistance of the
coil are assumed constant and of the same
values measured at 60 cycles (i.c., 0.84 henry
and 232 ohms).
upon the fact that the current in the winding

This assumption is bascd

changes during the travel of the armature and

di | . . di
will be comparatively high. [If

dt dt

preciable, hysteresis and eddy current losses

is ap-

will compare with the values at 60 cycles.

From assumption # 1, it may be stated that
the magnetic foree (because of the relay wind-
ing on the armature) at any time t is

= Ki? (3)
where
K =a constant, and
i =current at time t.

This comes from the formula

. B
= o 4)
where
A =area of magnetic path, and
B =flux density:
or
F = B(C, (5)
where
(. =a constant.
Also,
i=DB (from assumption 1), (6)
where

[) =a constant.
Accordingly, since in equation 3
F = Ki?,

and, from assumption #2, the force of the
armature spring is a constant F,, then the
accelerating force acting on the armature is

-Ki? — Fi.

From Ncwton's law of motion, F' = Ma,

Therefore it can be stated

Ki* — F; = Ma, (7)
where

M =the effective armature iass, and
a =acceleration at any time t,

From cquation 1,

and

where

in

s =distance traveled by the armature
time t.

Therefore,

. E2 i I F Af d?s 8)
R® ) P ae

Fi may be evaluated in terms of K from the
known fact that i = 0.176 ampere when the
relay contacts start to open, and at this timne
d?

, would be zero.

e
Substituting we get Fy = 0.031.

Equation 8 may then be written

Rt\?
d* E* -
N Il (RO A YR
de? R?
where
. K
l’\l = .
M

The integration and thus the solution of (8)

give the following equation:

Rt
S| R o
TN LRe\2 TR o
2Rt
L 031" + Kat + K
B 0 — .03 2 )
4R? 2 :

where Ka and K are constants of integration.

Since R, E and L are known from the test
data, K. can be evaluated from the fact that
ds

dt
time at which the relay contacts start to open

= 0, when t equals 3540 microseconds (the

after the kev is closed). Kj can be evaluated
(after K: has been found) from the fact that
S =0, t = 3540
evaluate Ky, makc s = .025 inch when t =
0645

3540 microsecconds + 3105 microseconds =

when microseconds. To

microseconds (6645  microseconds =

total time required to close relay).

The total measured contact opening was
0.025 inch.

ecquation 10 becomes

Substituting all known values,

2

s = 3079 X 10¢ [.03402 (-;

— 2.634 (11)

X 10 S ML 4 3292 X 10 6 ¢ m")
t?
— 031, — 14.26X10 % +.03562 X 10 J

H we use the experimentally determined
time of 1310 microseconds in figure 4, t = 1310
+ 3540 = 4850 microscconds and s is found
to be 0.002 inch, which is the distance the
contacts have opened when the arc is quenched.
This formula becomes unwicldy when t is
small because the constants and terms must be
carried to eight significant figures for accurate
results.  In such cases, it will be found con-
venient to assume a constant average acceler-
ation. The average acceleration will be larger
than the actual value for small and medium

13

R. B. Edwards

Tuoucn COVERING a relatively B
brief span of years, it's quite a stride, |
and in the good Amecrican tradition,
from Bob Edwards, the hustling
boyv who peddled newspapers and de-
livered bundles in a little Montana
town, to Bob Edwards, designer of
aircraft radio cquipment. He was
born in St. Louis, and was awarded a
Bachclor’s degree in Electrical Engi-
neering at Montana State College at
Bozeman in 1930. Following gradu-
ation, he joined the technical staff of
Bell Telephone Laboratories, where
he was engaged in design and develop-
ment of short wave transmitters for
transoceanic telephone service. In
1932, he returned to Montana State
to carn his Master’s degree. Imme-
diately cntering the service of the
Montana Power Company, he ad-
vanced from opcrator’s helper to de-
sign clectrician for carrier current
communication svstems. His connec-
tion with Bendix Radio began in 1937
at the Chicago plant. Transferred to
Baltimore in 1938, he was placed in
charge of the Service Dcpartment in
1939, but soon rcturned to the Engi-
neering Department as project engi-
necr. He has since been in charge of
several well-known Bendix products,
and worked on the transmitter section
of the first radar sct constructed here.
He is now Assistant Section Chief of

Transmitter  Engineering, and co-
ordinator on the railroad radio
project.

intervals of time. When using an average

acceleration we should use the well-known

formula

S = J3 at®, (12)

For example, when's = .025 inch, t = 3105
microsecond, and the average acceleration is
a = 5.19 X 10? inch per microsecond. per
microsecond.

(Continued on page 36)



Small molded phenolic coil form with a wall thickness of 0.010 inch made in Experi-

mental Engineering after outside manufacturers were unable to produce.

ANT TO SHOOT PAR GOLF this summer?
Redecorating vour house and in need
of advice?
flower garden?

Are aphids swarming in vour
Does vour watch need re-
pairing, or vour horse need shoeing?

A far cry from experimental engineering
in the radio industryv? Not at Bendix Radio!
Personnel in the Experimental Engincering
Section of the Engineering Department can
answer these questions.

If vou are a Bendix old-timer, vou call
the section **Model Shop.” But in the de-
partmental listing, it is ‘‘Experimental
Engineering.” Neither title completely ex-
plains what goes on here. No brief designa-
tion could encompass such operations as
testing new plastics, making tiny filaments
and grids for special tubes, engraving dials
3 feet in diameter within 15 seconds ac-
curacy, forming large antennas,
welding chassis for airborne and ground
equipments, hardening and heat
tools, and machining intricate wave guides.

ribs on

treating

Special Training Program

In the hectic early days of the war, Ben-
dix Radio was faced with finding skilled
people for highly specialized jobs in this
section, as in others. The first difficulties
were overcome but, by mid-1943, the situ-
ation became critical in Experimental En-
A special training program, set
up at a nearbyv school, provided shop
facilities for night training during school

gineering.

and full
summer vacations,

terms, davtime

Experimental Engineer-
ing supplied instructors and precision tools.
Equipment duplicating much of that in the
section supplemented the school’s machines.
‘Trainees were selected by their high rat-
ings on mechanical aptitude tests. Actual
production work was sent from the section
to the school and these people trained, not
on models, but by making working parts for
units from simple blueprints. Thus, from
the beginning, theyv helped meet production
schedules on equipments to be used and

training during

those showing special mechanical ability
were taken into the section.
Housewives, farmers, auto mechanics,

sign painters, boys and girls just out of
school, blacksmiths, watch makers, paper
hangers, a commercial artist, a professional
golfer, and a gardener acquired new titles
and new skills.
skilled and
metal

They were soon listed as
semi-skilled mechanics, sheet
workers, electric-arc, accetvlene and
hydrogen welders, electroplaters, assemblers,
plastic workers, and tool and die makers.
Through these war vears, the section has
maintained the largest staff in Engincering.
Exacting work and multiple demands keep
two shifts running constantly. Today, these
people think in terms of gauges and gadgets,
not gardens and golf, and the questions they
hear are: Can vyou copper plate this part
to a rigid specification? What about a dis-
tinctive design for this control knob? Can
this part be cast? What about shielding?
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Primarily set up to build the mechanical
parts for experimental and development
models of the latest radio engineering de-
signs, the section has grown in complexity
of operations until a difficult project seems
run-of-the-mill.  Since the difficult and
exacting project is commonplace at Bendix
Radio, the radio engineer scarcely realizes
the section is unique.

Not so with visitors—they are impressed
by the diversity of operations and equip-
ment. In most organizations, plastics, plat-
ing, and laboratory testing are separate de-
partments. Nor is production asked of the
usual model shop. Here, these processes
are merged into one section and even pro-
duction is undertaken in cmergencies.

When Receiver Engineering
very thin molded phenolic coil form for a
special compass design, they submitted the
specifications to one manufacturer who said,
“Impossible!” A second manufacturer
echoed the first, so Experimental Engineer-
ing personnel set to work making a coil
form threaded inside and out and with
tapering walls 0.020 inch thick. Part of
one wall had a kevway which brought the
wall at that spot to 0.010 inch. With a
model perfected, the section went into pro-
duction and turned out hundreds of the
forms.

needed a

In another emergency, some 5000 coil
forms for a transmitter-receiver project
rolled from the section. No outside manu-
facturer could promise delivery in sufficient
quantity in the time allotted, and each unit
necded twelve forms. Again, the section
went into production and the equipments
went out on schedule.

Section Chief G. A. Exlev tries to out-
guess engincers and to stock new products

Plastic molding dies in the Stokes Press
being checked by Ed Miller.




Britton checking dimensions on a cast-
ing with a vernier height gage.

and difficult-to-find itans. Various kinds,
shapes and thicknesses of metals, plastics
and small machined parts are kept in stock,
but the radio engincer sometimes wants the
For instance, requests come in
for Kovar, for stainless steel tubing, or for
invar, a metal with no coefficient of expan-
sion—all difficult to procure. quickly. Once,
a special sheet plastic was requested but
the Navy had commandeered all available
supplies. The manufacturer obligingly sup-
plied a sheet fron: company samples,

unusual,

Rubber masters, or blankets, for ectal
working are important to the aviation in-
dustry. So important, in fact, that Douglas
Aircraft savs enginecring in this industry
has heen revolutionized by the process and
that it made possible the tremendous war-
time production of aircraft with a saving
of millions of man-hours.

Experimental Engineering uses the same
technique in extruding metals for radio
equipment. Mr. Exlev agrees that the rub-
ber blanket process saves time and monev,
and assures perfect surfaces on  chassis
where durability and beauty arc desired.

While the aircraft industry uses presses
up to 5000-ton capacity, such a machine
as the section’s 100-ton Cincinnati Brake
sufficient pressure for radio work.
Acting on the hydraulic principle that pres-

gives

sure recacts equally in all directions, a semi-
fluid solid such as rubber is used as a
blanket becausc of its flowing tendencies.
Confining it by an enclosure, or channel
box, assures that onlyv the desired area will
be extruded. The die is fixed in position on
the brake with the metal to be shaped placed
on top. A rubber blanket goes on over the
metal and a sheet of steel is laid over the
rubber pad. A foot pedal having a friction
clutch starts the brake’s carriage down. The
pressure hits the steel first. This presses on
the rubber which, in turn, presses on the

metal. The flexible rubber literally flows
over the die and the result is level and
uniform surfaces. Onlv the finest natural

rubber is used to make the blankets and
the dies are usually masonite or bakelite.
However, for quantity production, hard
steel dies are used.

Proud of Variable Capacitor

Just as each design scction is proudest
of some one project, Experimental Engi-
neering is justly proud of onc achievement.
A design laboratory needed a large twenty-
stator variable capacitor with the rotor en-
gaging the stators onlv at intervals. Each
stator had to be shaped from one piece of
metal, with four notches, or slots, in the
outside diameter and a half-moon shaped
center curving in a parabola, accurate
within 0.002 inch. A noted research con-
cern, commiissioned to produce them, con-
sulted experts in this ficld and bought
special cquipment costing several thousands
of dollars. But, after much work, the re-
sult was inadequate production and stators
not accurate within the allowed tolerance.
With cxisting equipment, Experimental En-
gineering then attempted the job and pro-
duced stators which, when checked on a
shadowgraph, were shown to be accurate
to a much greater degree than the allowed
tolerance.

Mechanical shops of this kind seldom in-
stall large machines for relatively small
jobs and small lots. This mecans that im-
provised methods arc sometimes necessary,
such as machining castings on a milling ma-
chine rather than on a boring mill. One
equipment demanded a base casting of cast
iron 12 inches wide and 26 to 28 inches
long, with a spindlc in the center jutting up
6 inches. Normally, a 42-inch boring mill
would be used but, in this instance, the
spindle of a
medium-sized milling machine. With the
tools fastened on the table of the machine,
the milling machine became a horizontal
machine and a professional job

work was fastened on a

boring
resulted.

A Story in Plastics

Plastic work done in the section is a
story in itself. Qualifications, such as
water repellency, strength, and diclectric

properties, of dozens of plastics are kept on
file.
the 1narket, and one unusual liquid plastic

New plastics are added as thev reach

is currently under consideration.  Allegedly,
it can be cast, or molded without pressure
with one-half the normal heat.

Plastic forms are molded, with up to 100-
ton pressure, on a Stokes Automatic Mold-
ing Press. Plastic powder, weighed in ad-
vance in predetermined amounts for each
form, is kept in scparate envclopes. Crafts-
men in the section fashion the molds in
two parts from hard or soft steel, depend-
ing on the quantity to be run. The bottom
half of the two-section mold clamps into
the lower part of the press and the other
half fastens into the upper part.

Varving degrees of heat are nccessary in
molding different plastics. On the Stokes
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E. L. Langford shearing a sheet of metal
on the Niagara Shear.

Press, a gas-fired high-pressure hoiler, which
gocs to 150 pounds pressure, supplics this
heat. Liye steam runs from this boiler
through ducts around the mold's two sec-
An automatic valve holds to a preset
and a '‘neter scale registers this
pressure as it mounts. When the mold
reaches the desired temperature, the con-
tents of one cnvelope are poured imto the
lower half. Pressing a button starts the
bottom section moving upward to clamp
against the stationarv upper portion. Near
the juncture with the upper section, the
mechanism drops the bottom mold for an
instant to allow gases to escape, then closes
with a rush. The powder is subjected to
increasing temperature as the steam pres-

tions.
pressure

sure rises,

At a certain temperature, a molecular
change takes place and the powder lique-
fies. Liquid only a few seconds, the plastic
then solidifies and a curing time—varving
according to volume, or bulk, and the kind
of plastic—requires several minutes while the
molds are still joined. An automatic control,
or timer, then releases the mechanism and
the hot plastic form is lifted out with as-
If necessarv, a buffing proc-
Often, the
and

bestos gloves.
ess removes flashes or ridges.
forms have smooth, perfect surfaces
buffing is unnecessary.

Seeming Disorder Misleading

The constant din in this noisiest of all
Engineering sections, plavs havoc with
acoustics and the interplant sound system
in the section. Special ovens and bhoilers
upset the air conditioning system. Expand-
ing facilities and equipment in nonexpanding
quarters add to a sceming disorder. Blue-
prints may dribhde in singly as a new proj-
ect starts, or all prints for a complete project
mayv  come in at once marked Trush.”
Sometimes, instcad of a detailed blueprint,
a rough sketch is received with “use vour
own judgment, but rush!” penciled on it
All this contribuies to the heterogeneous col-
But out of this
maze of projects, tightly packed personnel
and machines, come designs attesting to
skillful planning and skilled workmanship.

lection of jobs underwav.



TRANSMISSION LINE CHARTS

Derivation and application of impedance and admittance charts used to solve transmission

line problems. Background material was presented in a previous article.

APR()[’I-‘.R MATCGH OF impedances is impor-
tant in transmission lines operated at
high frequencics.  Methods of obtaining a
proper impedance match can be readily ana-
lyzed graphically by mcans of impedance or
admittance charts. It is the purposc of this

article to describe the derivation of such

charts, and to explain their use.

At high frequencies, losses usually have a
negligible effect on the characteristics of trans-
mission lines. In this article it is assumed that
line losses are negligible: the charts described

are based on a lossless line.

Line Terminated in Pure Resistance

As a convenient approach to the impedance
chart, first consider a line terminated in a pure
resistance load, Ry, (figure 1). Using the nota-
tion from the preceding article,* the im-
pedance, Z, seen looking towards the receiving
end of the line from a distance x is

R N
+jtan g x

z,
Z =127, (70)
14 " tan Bx
where
Z, = characteristic impedance of the line,

R, = terninating resistance,

3x

number of radius of phasc shift in
length of line x.

Equation 70 is another form of equation 571
in which R, has replaced the more general
term Zyg, and @l has been replaced by @x since
we wish to consider impedance at all points
along the line.

Although the load is a pure resistance, the
impedance Z measured at various points aloﬁg
the line will in general be complex. Writing
resistance and reactance components of Z as

Z =R +jX (71)
and dividing both sides by Z,, cquation 70
becomes,
R + jtan 3 x
z R x z, ! )
= + j = L (72)
Z, Z, z, . Ry
1 +j) - tan §x

o

**Transmission Line Theory,”” April, 1945.

t All equation numbers below 70 refer to the preced-
ing article o! this series, “Transmission Line
Theory,” April, 1945.

By Lt. H. T. STRANDRUD
U. S. Signal Corps

In equation 72, from which the impedance
chart will be derived, all quantitics are cx-
pressed as per unit values, or fractions based
on Z,. ‘This permits a single chart to apply to
any transmission line regardless of the value
of Z..

The impedance chart is a plot on rectangu-
lar coordinates of per unit impedance valuces
calculated from equation 72, For example,
assume that the per unit load resistance,

]
o
o+ el s
38 4T "8
5 __| 3
f—— X ———

Figure 1—Transmission line terminated
in pure resistance.

L
lZo
20

Figure 2—Per unit impedance curve for
line terminated in resistance 0.2 times
2.

Figure 3—Per unit impedance curves
for various terminating resistances.
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R
7 " is 0.2. Then values of per unit impedance,
Z
2—, are as follows: For 8x = 09,
Z R X 0.2 +jtan0’ .
z. "z iz, T ez T 02T
o Lo o j0.2t (73)

For gx = 20",
74 R X 0.2 4 j tan 20" (74)
z, 7. 17,7 1+4j02wn20 '

= 0.23 4 j 0.34.
For 3x = 409,
Z R X 0.2+4jtan40
- —= +J = = (75)
Z. Z. 'z, 1+4j02wn400

=0.34 4+j0.78.
For gx = 609,
Z R X 0.2 4 j tan 60"

= +j = - (70}
z, 2Z, Z, 1 +4j0.2twan60°

=071 4j 1.47.
Plot these values of per unit impedance with

measured along the horizontal axis and

o

j——measured along the vertical axis (figure 2).

o

The resulting curve gives the per unit im-
pedance at any angle 3x from the receiving
end of a line terminated in a resistance of 0.2
times Z,.

Similar curves can be plotted for other
Rl(

values of per unit load resistance

o

Figure 3 shows such curves for the cases
Ry
= 0.2, 0.4, and 0.6.

z,
ried farther, they will be found to close on

If the curves are car-

themselves when 3x = 180° and then repeat.

By means of such calculations the entire

impedance chart could be constructed.

Equations of Circles

A more practical method of constructing
the impedance chart is to obtain the equations
of the curves and then use a geometrical con-
struction. The equations of the curves plotted
in figure 3 can be obtained from cquation 72.

R
Each curve is identitied by a value of =

o

only, and represents a relation (between the
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X . . K
-and —) which contains ‘but

&% o 0

coordinates

not px. This relation is obtained from equa-
tion 72 as follows.

For a shorter notation, set
R X Ry
2
(Note that a,’b, A, and B are all real numbers.)
Equation 72 then becomes,

A +ijB
a+tjp= 2T

= . 78
1 + jAB 8)

Clear of fractions:
a + jb + jaAB — bAB = A + jB (79)

Equate real terms and imnaginary terms:

a — bAB = A; (80)
b + aAB = B. (81)
From cquation 81,
B (82)
1 —aA

Substituting in equation 80,

b
— 1 A( = > ) = A, 83
4 ’ 1 — aA (83)
a — a’lA — Ab? = A — aA?
1
? —af - .‘\) b = —1. (84
a d(A + + (84)
Completing the square,
1 /1 t]
a — + A b? 85)
[" 2 (A ' )] b (

1 /1 g
= -1 A) :
v
This is the equation of a family of circles with
radius

' 1 /1 T S
— A) = — A), (86
\/ 1+4<A+ ) Z(A ) o)
and center at
2\a ")

From these values of radius and location of

(87)

center, the entire family of circles which is
partly shown in figure 3 can be constructed.
(Sce figure 4.)

In figure 3, a curve can be drawn through
all points labeled 20°, and other curves through
the 40° points, the 60° points, or points rep-
resenting any particular constant value of px.
These constant-angle curves form another
family, the equation for which involves gx bue

R
not ZR - To find the equation of this second

family of curves, eliminate A from equations

(80) and (81). From cquation (80),

a

| +bB

(88)

Substitute in equation 81:

a
b S B = B: 89
e (1 + I)B> ®)
b + b2B + a!B = B + bB*:
1
a2+b<B—B)+b”=l (90)
Completing the square,
BRI
a? - -
L2 \e

;“\
Al \h‘ — ;7
VOLTAGE

Ro —»r

Zo £
| =
\

—~ 007 e

Figure 5—Standing wave of voltage on
transmission line.

Z; '_‘]' Zo ? Reg

Lo 20

Figure 6—Use of impedance chart for
line terminated in pure resistance.

This is the equation of a fanily of circles with
radius

(75) \/1 +l (; - n)z =;(; +B). (92)

and center at

w3 -)]

From these values of radius and location of

(93)

center, the constant-angle cireles on the trans-
mission line chart can be constructed.

Figure 4 is a chart with both families of
circles drawn by means of the above expres-
sions for radius and location of center. Sinece
the chart is symmetrical, only the half showing
positive reactances is drawn. Problems involv-

ing the negative-reactance half of the chart
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can be solved by considering the half shown to
be a mirror image of the missing half.

Shown on figure 4 for each circle is the
standing wave voltage ratio or ratio of maxi-
mum to minimum voltage along the line. This
ratio can be found once the per unit load
resistance is known.

The two points where each circle crosses the
horizontal axis represent points at which line
itnpedance is a pure resistance. As shown by
Let R,
be the larger of the two resistances and E, the
Also, let R; be
the smaller resistance and E. the corresponding

figure 4, thesc points are 90° apart.
corresponding line voltage.

voltage as shown in figure 3. Since power loss

along the line is assumed to be zero, therc is

cqual power at the two points. Hence,
R, R,

(94)

Since the points are 90° apart, cquation 64
may be applied to give
z, (93)

Then

E. \/Rl_\/ Ri Ry
E. VR V@zyrn zZ,

Thus, the standing wave voltage ratio, Ei/Es,

(96)

is equal to the per unit resistance at a point
where line impedance is the larger of its two
pure resistance values. The ratio marked on
each cirele is then simply the coordinate of its
right-hand intersection with the horizontal

axis.

Use of Impedance Chart

For a line terminated in a pure resistance,
the chart of figure 4 gives directly the im-
pedance from any point along the line to the
receiving end.  This use of the chart is shown
in figure 6, where a line with a characteristic
impedance Z,, is terminated in a load Ry.
To find the imnpedance seen looking toward
the load at a distance X from the load, start

R
at point 7 %, Follow clockwise along the circle
which passes through this point a distance

gx1 degrees to a point on the constant-angle

circle for gx; degrees.  The value " read

o

froin the chart at this second point is the per
unit impedance when looking toward the load

Ry from a distance x,.

To extend the use of the chart to a line
terininated in a complex impedance, consider
the complex impedance to be replaced by an
cquivalent length of line with resistance ter-
mination. This is shown in figure 7 for a line
of characteristic impedance Z,, terminated in
aload Z,.

To find the impedance when looking toward
the load from a distance x., start at the point



and proceed clockwise a distance  gx.

1
Z, i
degrees to a point on the constant-angle circle
for (gx1 4+ gx2)  degrees. The value -

a
rcad from the chart at this point is the per
unit impedance scen looking toward an equiva-
‘lent pure resistance termination from a dis-

Z, oA
tance (x; + x2). - is also the per unit im-
o

pedance scen looking toward the load Z; from
a distance x». Hence, when the load is a
complex impedance, distances along the line

are measured as differences between values

(1.0 +j 1.47). Hencee, at a point 40 degrees o

from the load, the per unit line impedance is R
. . . . . -+ j tan 5x

1.0 +j 1.47. If at this point a per unit re- . LY.

. . . Y =Y, s 3 (103)

actance of — j 1.47 is added, the resultant Y
o A o . . 1 4 tan ox
per unit impedance seen by the line will be YL,
1.0 4+ ) 0 which represents a pure resistance R R X
o Equation 103 has the same form as cquation
of 500 ohms. The reactance could be added . .
. . . .. 70. Hence the admittance chart derived from
simply by inserting a total capacitive reactance . .
. . . . . 103 will have the same form and will be used
of 1.47 Z,, = 735 ohms in scries with the line | .
N . in the same manner as the impedance chart
as shown in figure 8. In practice, however, .
. . L . that was derived from 70.
tuning stubs (discussed in following para-

graphs) are usually used instead of lumped The use of the admittance chart is sum-

reactances. marized in the following rule:

do find per unit admittance looking towards

marked on the constant-angle cireles. .
g Admittance Chart load, start at the point representing load and
The usc of the impedance chart is sum- Admittance charts are more often used in proceed clockwise on chart for the proper
marized in the following rule: practice than are impedance charts, because number of degrees.
o find per wnit impedance looking toward, most matching reactances are placed in Open wire lines are often matched by means
load, start at point representing load and parallel with the line rather than in series.  of a single parallel stub of variable length and
40
—t"
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Figure 7—Use of impedance Figure 8—Example of use of  Figure 9—Example of use of Figure 10—Matching with
chart for line terminated in impedance chart. admittance chart. single stub.

complex impedance.

proceed  clockwise on  chart  for the proper

ntenber of degrees.

Example of Use of Impedance Chart

As a simple example of the use of the
impedance chart, consider a transmission line
with Z, = 500 ohms, terminated in an im-
pedance of Zy = 150 + j 200 ohims (figure 8).
To permit operation of the line without
standing waves of voltage it is necessary to
match this load to the line, or, in other words,
to add matching reactances which will make
the line see 500 ohms pure resistance.

Here the per unit load impedance is

Zy 150 +j 200

+ .4 (97
Z. 500 ]

Start at (.3 4+ j .4) on the chart and proceed
clockwise to the vertical line through the point
(1.0 +j 0). It is 40 degrees to the point

As discussed below, the admittance chart is  position. For instance, consider an example:
geometrically the same as the impedance chart, The characteristic admittance of the line is
and figure 4 can be used for cither.

Define Y, = 5(])0. load admittance is Y,
. 1 . . = 00232 — j.0032,
Y, = = characteristic admittance :
of line. (98) :'R = 126 — j 160, (104)
Yy, = ! = admittance of load, (99) !
® Start at (1.26 —j1.60) on the chart (figure 9)
1 and proceed clockwise to the vertical line
Y = admittance scen at distance through the point (1.04j 0). It is 4 degrees
#x from load. QLD to the point (1.0 —j 1.42). If a per unit sus-
Y = G T jB = conductance and sus- ceptance of +j 1.42 is added at this point,

ceptance components of Y. (101)  the resultant will be 1.0+ jO and the line will

. . . . sce its characteristic admittance.  Henee the
Substitute equations 98, 99, and 100 in 70: X )
line can be matched by adding a suseeptance

) _ of +j 1.42 Y, in parallel with the line at a

) I Yk + . tan gx point 4 degrees from the load. A capacitor
v N o g (102 could be used as shown in figure 9.

1 1. tan px T

Y If 4 degrees of line is so short as to be in-
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convenient to work with, 180 degrees may be
added.

traveling once around the circle before stop-

This corresponds on the chart to

ping at point (1.04j 1.42).

A short-circuited line, or stub (fgure 100,

N
=
5 '
&* e s
# &
4o %
L 146~
B
JYe
(X
1o 20 Yo

(01j142) =
‘ §
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|

Figure 11—Use of chart to determine
stub length.
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30‘
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Figure 12—Matching with two stubs.

is commonly used instcad of the capacitor
shown in figure 9. The required length of
stub can be calculated by means of cquation
58, or, more conveniently, by means of the

admittance chart.

To find the length of the stub from the ad-
mittance chart, use the general rule given
above for use of the admittance chart.  Sce
figure 11. Here the load impedance is zero,
or load admittance is infinite. Hence the point
at — = on the vertical axis may be taken to
represent the load. It is required to travel
clockwise on a circle (here the vertical axis,
a circle of infinite radius) to the point (04
1.42). As shown in figure 11, this requires a

total of 90456 =146 degrecs.

Matching with Two Stubs

On a coaxial line. position of a stub along
the line cannot readily be varied.  For this
reason, two stubs of fixed position and adjust-

able length are generally used.

To demonstrate  the principles  involved,
assume that the line discussed in the preceding
examples is to be matched to its load by means
of two adjustable short-circuited stubs at fixed
distances of 30 degrees and 120 degrees. respec-

tively, from the load. See figure 12,

As before, the per unit load admittance is
1.26 — j 1.60. From this point, it is necessary
to wavel 30 degrees clockwise, add a sus-
ceptance, travel 90 degrees clockwise, and add
a second susceptance to arrive at the point
(1.0 + j O for a matched line.

30-degree travel brings us to the point (.40

The initial

j .67). Vertical lines are next drawn through
this point and through the point (1.0 4+ j 0).
It is then necessary by means of a cut and oy
process to find a circle upon which the distance
between these two vertical lines is 90 degrees,
The solution, shown in figure 12, is a circle
through the points (.40 — j .47) and (1.0 +

j1.20.

Per unit stub susceptances vequired to be
added at the two points (figure 12) are + .20
for the stub 30 degrecs from the load. and — j
1.20 for the other stub.  Stub lengths. found
chart by the

previously deseribed. are 102 degrees and 40

from the admittance method

degrees, respectively.

Matching Generator to Line

As a final example of the use of the adwmit-
tance chart, consider a generator of internal
admittance Z, = 130 + j 200 ohms (figure 13)

which it is desired to match, for maximum
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Figure 13—Matching a generator

to a line.

power transfer, to a line with Z,, = 500 ohms.
A single stub will be used.  For a match. the
admittance at the generator terminals must
be the conjugate of the internal admitance

of the generator.  Per unit generator admit-

. Yo
tance is - =

o

1.26 — j L.o0. Hencee the per

unit admittance at the generator terminals
must be 1.26 + j 1.60.

Here the load is the transmission line. for

which = 1.0 + 3 0. Starting at point

1.0 + j ) it is neeessary to add a susceptance
and then travel clockwise to point (1.26 +
1.600).  As shown in figure 13, a stub of sus.-
ceptance + j 1.42 placed 4 degrees from the
generator will fit these requirements. As

before, the length of the stub is 146 degrees.



ARLY IN THE MORNING at the Piusburgh

County Airport a Stinson SR-10C is
wheeled up in front of the Administration
Building preparatory to a flight in the
unique mail service of All  American
Aviation.

Close by, in the operations room of the
company, therc is a buzz of activity as a
teletype brings in weather reports to the
chief dispatcher, a radio operator sends out
departure and arrival times, and pilots
wander in and out in an effort to keep up
with flight plans while supervising the load-
ing of their planes. The operations room is
the hub of the thriving air pickup service
which flies the mail twice each dav on five
routes leading out of Pittsburgh like spokes
of a wheel to small communities not served
directly by the trunk lines.

This section of the country, once known
as the graveyard of aviation, was deliber-
ately chosen as the laboratory arca for
pickup service. A pilot explained why.
Smoke around Pittsburgh, frequent fogs in
the valleys, heavy winter weather through-
out the mountainous terrain—if these haz-
ards were overcome the service would merit
recognition. The Post Officc Department
itself had made the choice when bids were
first sought for the operation of two ex-
perimental air mail pickup routes.

Alone in the Field

All American Aviation, founded by the
late Richard C. DuPont, famous glider
pilot, was the only bidder, and was awarded
the contract. In the six vears of its exist-
ence it has been the only company in the
field.

?iaé “p

By CECILIA MUTH
Technical Publications

Thumbing a ride on one of All Ameri-
can’s planes is as complicated as Ibn Saud’s
visit to a U. S. cruiser: Washington officials
must approve, the weather must be benefi-
cent, a special seat must be installed in
the plane, and the pilot must be notified.
But these difficulties are forgotten when,
at 8:15, flight number 8 takes off for Wil-
liamsport, 202 miles to the northeast. Other
sturdy little red ships, powered by single 260
horsepower Lycoming engines, are alreads
Still others are to follow, for
the morning schedule includes flights to
Jamestown, N. Y., to Philadelphia by way
of Wilmington, and two routes to Hunting-
ton, W. Va,, one via Charleston and the
other through the Ohio Vallev.

under way.

An extra headset, thoughtfully provided
bv the pilot, Captain M. W. Lossing, made
it possible to be in on all radio conversa-
tions right from the start. Routine messages
exchanged between the pilot and control
operator served to test out the equip-
ment, a familiar Bendix Radio TA-6 Trans-
mitter and RA-10 Receiver, operating on
the AAA day frequency of 5582.5 kc. Trans-
mission was rcported loud and clear. On
the receiving end, the volume from the 250
watt ground station scemed thunderous.

Pickup at 120 MPH

“Here we go,”’ announced the pilot. Run-
ning true to form, Pitcairn, 11 miles out,
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was shrouded in smoke. The plane circled
in among the hills, banked sharply, and
made a dip deep enough to cause momentary
and unnecessary apprehension. At 120 miles
an hour the plane flew straight at the side
of the hill, leveling off when only 15 feet
above the ground to make contact with the
ground equipment.
“snick,” then a sharp rise, and it's all over,
with no jar, no jolt, no discomfort.

There is only a faint

A mail container
on the ground is placed between two twelve-
foot poles, spaced twenty feet apart. A
loop of rope is threaded through a “U”™
bolt on the container and through light,
tension-released clips at the top of the poles.
With uncanny accuracy, and with depth
perception that leaves one marveling, the
pilot spots the rig that resembles a tall
clothes line, snags the horizontal stretch of
rope with a hook at the end of a 12-foot
arm beneath the plane, and pulls away to
a quick climb to clear all obstructions and
prevent the dangling burden from striking
the ground. It all happens in a flash-—a
minute and a half, to be exact
and precision.

This is what happens.

-with smooth-

ness Honors are pretty
cvenly divided between the ingenious equip-
ment and the skillful and practiced tech-

niques of the pilot and pickup man.

Like the other pilots, Captain Lossing
was modest, good-humored, confident, keen,
business-like. They are all sold on the pickup
service; even those with pre-war experience
in transoceanic flying, and wartime records
in the Air Transport Command, insist that
such assignments are monotonous by com-
parison. Because of conditions peculiar to
this operation, they must be men of proved
judgment, who can make up their minds in



Photos courtesy All American Aviation.

Top: Messenger assembles portable ground station equipment prior to arrival of
pickup plane.

Center: Ground station erected for pickup. Loop of nylon rope is threaded through
sails at top of sectional poles and through "U" bolt in container which rests
on ground.

Bottom: Plane arrives at pickup station. Retractable wooden arm is in position to
contact rope to which mail container is attached. Incoming mail container released
from plane is in background.
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a hurry, who know what to do in an
cmergency,

“Onec of the bovs got himself mentioned
in the Congressional Record,” the pilot re-
marked between pickups at Vandergrift and
Indiana. “He was flving down the Ohio
Valley early one morning and noticed flames
coming out of a farm house on the outskirts
of one of the towns. He radioed the Pitts-
burgh station, giving the exact location.
Pittshurgh immediately  phoned the local
fire department. They sent out apparatus,
and the house, which happened to be un-
occupicd at the time, was saved.” Good old
TA-6!

Contact Flying

The plane is cquipped with the trans-
mitter which, in addition to the company
frequency, also tunes to the national con-
tact frequency for commercial aircraft on
3117.5 ke, with a receiver which tunecs the
company fixed frequency, the broadcast
band and the range, and with a Bendix
Radio Loop MN-24. Nevertheless, authori-
zation to fly by instrument is limited to
strict emergencies. Flights are made by
contact, in daylight hours only, without the
use of navigational aids. The CAA license
permits routine operation with a 500-foot
ceiling and onc mile visibility. So, as the
pilot points out, it's that barn on the side of
the hill) the school with the concrete trim,
the river, the highway, the coal mine at
the crest of the ountain, and other
familiar landmarks, which keep him on his
coursc. Because he rarcly flies more than
500 fect above the ground, there is ample
opportunity to view the landscape and
check his location.

Conversation is interrupted about every
half hour to permit a radio report to the
Pittsburgh operator, to give location, alti-
tude, and cstimated time of arrival at the
next station. Most of the time the 15 watt
transmitter carries through to the ground
station at Pittsburgh without difficulty.
When the plane operates below the level of
the surrounding terrain or under unusual
atmospheric conditions, however, messages
may not get through. A trailing antenna
would help, instcad of the 36-foot straight
wire antenna, but with two ropes already
dangling at pickup time, another trailing
line could casily become fouled. What their
communications chief recally would like to
have is the four-channel, 50 watt trans-
mitter section of the Bendix Radio RTA-1B,
inasinuch as weight considerations rule out
installation of the complcete transmitter-
recciver equipment. This he knows would
do the trick.

Pickup Man Kept Busy

While in the air, the flight mechanic
works in the center of the plane. He is the



pickup man, in the sense that he manip-
ulates the special gear from a seat beside
the two-foot hatch which is opened up dur-
ing pickup operations. And when on a close
schedule a series of pickups is made at four
or five minute intervals, roller-coaster
fashion, he is a very busy man indeed. He
brings in the container, unloads it, assorts
the pouches in nearby storage bins, records
on company and Post Office charts the
number and weight of the pouches, and
fills the container for delivery at the next
station.

Punxsutawney was fading in the distance
as flight mechanic Cecil Lingar worked at
the open hatchway preparing for the pickup
at Dubois. Between the hatch and the pilot’s
seat is the pickup unit, an electrically oper-
ated winch cquipped with a shock absorbing
device. On this winch is wound about 100
feet of 34 inch nylon rope with a heavy
brass hook at the end. He takes the hook
and places it into a metal groove on the
near end of the contact arm, a hickory pole
2Y, inches in diamecter and 12 feet long,
which extends at a 45 degree angle bencath
the plane for the pickup, and immediately
after is retracted flat against the plane by
a hvdraulic cylinder. The hook slides down
to the free end of the arm where it is
caught and held by a spring retainer.

At the moment of the pickup, the con-
tact arm; somewhere along its length, strikes
the loop of rope stretched between the two
poles on the ground at the field station, and
pulls it free from the springs which secure
it to the poles. The ground rope, now trail-
ing the loaded container, rides down the
arm into the brass hook. This weight jerks
the hook loose from its spring fastening on
the contact arm, and now the entire loop
of rope bearing the mail container flies free
behind the plane. The moment the weight
is applied to the hook, the winch begins
feeding out the rope from the plane, just
as a fisherman lets his quarry run with the
line, and for the same reason. After the
split second required to accelerate the bur-
den to the speed of the plane—the length
of the pavout varving with the weight of the
burden and the speed at which it is picked
up---the winch automatically brakes, re-
verses the action, and reels the container
into the open hatch. If, on opening the
container, the pickup man sees a frightened
ficld mouse escape to freedom, he realizes
this is just a gallant messenger's gesture
toward preventing his life from becoming
humdrum’

Delivery of the mail occurs just in ad-
vance of the pickup by means of a separate
rope  which the flight mechanic lets out
through the hatch. At a distance of several
hundred feet from the station, the pilot pulls
a hand trip on the instrument board, and
the container with the 60-foot loop of rope
still attached falls to the ground and rolls

Photos courtesy All American Aviation.

Top: Ground rope is snagged and freed from poles, and plane begins immediate
pull-up to clear all obstructions.

Center: Reel inside of plane has been set in motion by weight of container and pays
out additional length of rope to absorb shock of sudden contact.

Bottom: Pickup at flooded air field. Retractable arm already is drawn back to the
body of the plane, and trailing rope is nearing full length of payout before action is
automatically reversed and container reeled into plane.
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with incredible c¢xactness to within a few
feet of the station.

“Watch that dog,” the pilot was saving,
as the plane approached the Dubois station.
“I'll tell vou a story about him.” A large
collic was running up and down the ficld
barking vigorously. It scems that in the
carly days of pickup operations, a delivery
container relcased from a plane struck the
dog, and the owner hurried out to pick
him up for dead. He wasn't dead. He
wasn't even badly injured. But he defi-
nitely harbored a deep-seated grudge. Ever
since the day of his injury, at the first
sound of the Stinson motor in the distance.
he races wildly around the field, and con-
tinucs to do so the entire time the plane
is in the vicinity, All other planes pass
over unnoticed, but he never fails to meet
the pickup, and the
appointed if he did.

pilot would be dis-

Once in the plane, the container for the
transfer of mail and cxpress was opened.

Photo by Rabert Taylor, All American Aviation.

Partial view of instrument panel on an
All American Aviation Stinson SR-10C,
showing Bendix Radio Remote Control
Unit and Bendix Radio Azimuth Indicator.

It is shaped like an clongated bell 20 inches
high and | foot in diameter, and made of
heavy rubber with reinforced fibre dome.
The flared cdge offsets any tendency to
spin as the container is drawn through the air
at high speed. A stout canvas bag, opening
at the bottom, and authorized by the CAA
to carry 60 pounds picked up at 150 mph
or 90 pounds at 110 mph, is riveted firmly
inside the dome. Mail pouches, especially
designed by the Post Office, are placed in-
side this containcr marked for cach specific
destination, so thc¢ flight mechanic assorts
only pouches and handles no loose 1nail.
Express packages, to fit into the container,
are restricted in size to 8x8x17 inches and
in weight to 35 pounds per pickup.

An Elastic Rope

The nyvlon rope used in the pickup is an
important contribution by AAA scientists.

A bit of simple figuring shows that an air-
plane traveling 120 mph, moves 17.6 feet
in a tenth of a second. Ordinary rope could
not survive the strain of such an impact.
Because drawn nylon is not only strong but
also clastic cnough to stretch $0% of its
length, it can absorb a portion of the shock,
and will do the job. Even gliders can be
picked up with a 250-foot nvlon leader plus
a steel cable of much greater length. By
the use of this combination in conjunction
with a larger winch the weight that can
be picked up is theoretically unlimited.

Ground Rig Easily Assembled

Flving over the dense mountain section,
at a 2500-foot altitude, but still only 500
fect above the trectops and close in to the
ridge, the pilot “Look over
there at the deer.” Sure cnough, plenty of
them. Clearfield, Phillipshurg, and there's
Penn State! Lots of mail, as always, at
busy State College.

volunteers,

Bellefonte looms in the foreground, the
which fishermen remember for its
farnous trout stream and radio historians as
the center. of early telephony and beacon

town

station cxperiments. This scems an appro-
priate time to concentrate on the ground
It has already become apparent

that in towns where there is no local air-

operation.

port the pickup station is located at almost
any point providing sufficient clearance, a
pasture, a public park, a plavground. At
the scheduled time for the pickup, the mes-
senger, a company ecmplovee, arrives at
the station with the mail which he places in
the container, fastening it with a leather
strap. He inscrts the metal section of the
poles into permanent sockets in the ground.
The upper section is made of wood with
small orange-colored pennants at the top to
be more easily scen from the air. Adjusting
the 60-foot rope through the clips at the
tips of the pennants and through a “U"™ holt
in the nose of the container, he leaves the
container on the ground between the poles.
In less than five minutes the stage is set.
When the pickup has been made, he dis-
mantles the cequipment, places it in a box
on the ficld, and lcaves to deliver the mail
to the local Post Office and the air express
to the Railway Express Agency.

The automobile of each of the pickup mes-
sengers is equipped with a specially designed
crystal controlled receiver, tuned to the
company frequency. In advance of the
flight he listens in for a report on flight con-
ditions and possible schedule changes. He
something like this:  “Flights
Flight 7, stand by for

announcement.” Then,
“Flight 7 proceeding on time.
ing Pitcairn; The

may hear
4, 6, 11, routine.
further

later:

somewhat
Pass-

low ceiling.” Pitcairn
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messenger is thus saved an unnccessary trip
to the station.

Lock Haven, Jersey Shore, and then the

‘terminal at Williamsport, where the plane

landed promptly on schedule at 10:06.
Despite the fact that there were eleven pick-
ups at intervals of five to twenty minutes, a
schedule of 110 mph had been maintained
between the two terminals. The messenger
was on hand at the airport, mail containers
were exchanged, the plane was refueled, and
at 10:21 the return trip began. “This is
fun,” was the reporter’'s unorthodox reaction
right in the midst of a professional assign-
ment on this strictly business run.

Strongly Entrenched

‘Between pickups one learns some of the
interesting details about the pickup business,
especially its record on speeding the mail.
The company conducted an experiment with
a hundred pairs of air mail letters sent to

Photo courtesy All American Aviation,

Pickup unit located behind pilot's seaf,

with close-up view of heavy brass hook

which makes contact with ground sta-
tion rope.

the other through the usual channels. The
average time saved by pickup was 10 hours,
20 minutes. On short hauls the comparison
favors pickup very strongly. A correspondent,
letter in the
morning to a destination within the limits

for example, could send a
of a particular route, and easily receive a
reply in  the afternoon. That is pretty
special service.

Statistics show that the quantity of mail
handled by pickup has had an impressive
growth. The official count of the Post Office
Department for August 1943, a pecak month,
discloses that 1,648,355 pieces of mail were
handled.
the per capita use of air mail is greater than
in New York. A strong consideration favor-
able to the pickup service is that on the
basis of the rate of compensation fixed for
cach of six cities in different sections of the

In not a few of the small towns

country, onc of cach pair by pickup, and



the postal authorities by the CAB—50.26
cents per airplane mile flown on schedules
designated by the Postmaster
pickup has outgrown the subsidy stage and
is already realizing a substantial profit for
the Department.

General-—

Emergency Services

“We have a grandstand view of floods,”
the pilot pointed out. “In
towns in the Ohio Valley we give the only
mail service they get when highwayvs and
tracks are under water.” He explained that
in the flood of 1939, a messenger in a row-
boat ecrected the
tion, while the pilot dropped the container
on a hillside and medical supplies and food
to isolated families wherever they happened
to be marooned. Usually, though, the sta-
tion itself is moved to higher ground.

some of the

Parkersburg pickup sta-

Even during the winter the pickup really
gives a good account of itself. When a 28-
inch snow grounded all commercial planes
and closed the Pittsburgh airport for more
than a week, a few of the AAA planes were
forced down the dav of the big storm at
airficlds along the routes; but the following
dav, all pilots resumed their routes on sched-
ule time from the stations where they had
landed, and their
daily flights. Messengers used snowshoes to
reach the

continued to operate

stations when even the local

thoroughfares discouraged the use of an

automobile.

For emergency service on the flights a
repair truck equipped with tools and hoists,
is kept in readiness to make all engine re-
pairs or cven replace an entire engine at
any point where shop facilities are not avail-
able. It is fitted with
transmitter so the crew can get in contact
with the homne operator in case the radio
set on the plane under repair is damaged.

radio receiver and

1t is not surprising in view of AAA's ex-
cellent safety record that combination pas-
senger and pickup operation is being seriously
considered.  Under arrangement,
landings would be made only at airfields
along the route where there are passengers
to be taken aboard or discharged. CAB is

such an

also considering 25 applications for air
pickup from other companies in all sections
which would extend the
service from the present 1368 miles to a
total of 75,908. Artists of the Feeder Air-

lines Association have prepared a sketch for

of the country,

the typical aircraft for dual passenger and
mail service as a guide to the industry in
converting such planes as the Lockheed
Lodestar and the Douglas DC-2 for the
heavier runs, and the twin engine Beech
for the lighter hauls. Designers look for-
ward to a 500 mile range, a cruising speed
of 175 mph, a pickup of 200 pounds capac-

Pickup method of launching gliders has been used successfully in both theatres of

Official US.A.AF. Photo.

war where iuppllu and froops have been landed or wounded men must be evacuated

in areas too small for take-off of a plane with glider attached. Photograph shows

a plane which participated in ""D'* day operations as it approaches a ground station
erected on a field in France to launch a CG-4 glider.

Pickup of @ man by a plane in flight,

AAA techniques, has been developed by

the Air Technical Service Command and Army Air Force at Wright Field, Ohio, for

rescuing stranded fliers, prisoners, or espionage agents.

The man wears a variation

of parachute harness.

and  mail
capacity, accommodations for 12 passengers,
Radio
equipnient will be installed to meet require-
ments for night and instrument flights. In
fact, the use of improved radio aids now

ity, greatly increased cargo

and a co-pilot as well as a pilot.

under military restriction is foreseen to per-

mit pickups under instrument conditions
when the pilot cannot see either the ground

or the station.

Pittsburgh Again

Almost four hours after the take-off, the
plane was nearing the end of the trip. Sud-
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denly the pilot said: "Why don’t vou make
the  radio from  Vandergrift?”’
Though 1 was much impressed with the
competence of the pilots, the
ability of the little ships, and the efficiency
of the service, this final gesture of mine was
I found myself
with mike in hand speaking in a halting,

report

mancuver-

hardly an impressive one.

timid voice which even I didn’t recognize.
“AAA Flight 7 calling Pittsburgh.” On re-
ceiving  the “Go ahecad
Flight 7, I feebly gave the routine infor-
mation. In a few moments the Pittsburgh
came

booming reply,

operator back with the comment:

»What's the matter, Lossing, getting tired?”



AIRCRAFT RADIO SHOCKMOUNTING

Design information that will help the engineer select the best available
mounting unit for a particular application.

MOUNTI.\'G UNITS HAVE BEEN USED to
reduce shock and vibration damage
to aircraft radio for years, but most types
in use were designed to isolate vibration
originating in such mounted equipment as
motors and punchpresses, and the manufac-
turer’s literature is presented accordingly.
Only recently has there been any attempt to
design units primarily intended for aircraft
instruments.

Actual design of shockmounts is a special-
ized procedure, but the aircraft instrument
engincer should have sufficient understand-
ing of the problem to permit him properly to
apply the improved mounts that are now
becoming available. This article summarizes
the information that he must have in order
to do so.

Functions of Shockmounts

What is a shockmount supposed to do and
under what conditions function?
It must, first of all, support an instrument so
that it at no time hits surrounding objects,
and so that there is no failure of equipment
in a 9G pullout. It
destructive shocks, and the transmission of

does it

even must reduce
vibration present in the quictest of todayv’'s

plancs.

Let us cover these functions in more de-
tail.  Slowly
sult from aecrial acrobatics and may be in
any direction, although normally they are
perpendicular to the surface of the wings.
Military specifications require that mount-
ing units the ability to withstand
10G’s wvertically and 7'%2G’s horizontally.
While these figures may scem high for nor-
mal commercial and private flving, there is
the possibility of a mounting unit breaking
loose in a crash and of both it and the equip-
ment it supports becoming projectiles.
Therefore, maximum structural strength of
an assembly should be the objective of the
designer.

applicd centrifugal forces re-

have

Barring accidents, landing shocks in
heavy aircraft are low. A typical value is
2G in a normal landing of a B-29. The
writer has found no data on the landings
of light planes—with or without studcnts
at the controls—or on light planes taxiing
over rough fields. However, road shocks up
to 3G have becn recorded in tanks and we
safely that
shocks are no greater.

can assume aircraft ground

In addition to ver-

By J. H. BEST
Mechanical Engineering

tical shocks, horizontal shocks may be
caused by assisted take-offs or carrier land-
ings. It is known that a horizontal force of
3Y2 to 4G has caused failure of an
airplance’s structure in test landings, so 3G

also may be taken as the greatest probable

from

horizontal force in normal operation.

All of these shocks have a relativelv low
frequency and large amplitude. Large shock
forces of high frequency and small ampli-
tude occur in military airplanes when their
armament is fired. For example, the firing
of the heaviest weapon used in a medium
bomber (75 mm) produces a 9G acceler-
ation in secondary structural members (at
the radio operator's station) at a frequency
of about 1/100 of a second, and an ampli-
tude of 1/32 of an inch.

Shockmounts do not isolate or reduce
slowlv applied forces and low frequency
shocks. Their function is to isolate high
frequency shocks and vibration. Since a
high frequency shock can be considered a
half cycle of vibration, the remainder of this

article is limited to vibration isolation.

Vibration Isolation

Vibration in normal flight is primarily
caused by the cengines and propellers. In
certain applications, adjacent rotating equip-
ment may be an exciting factor, and high
speeds nay cause aircraft surfaces to flut-
ter. This vibration is transmitted from its
source to the instruments through
tural members, which have a natural fre-

struc-
quency of vibration. The members vibrate
at the exciting speed, or at a harmonic or
subharmonic of the exciting speed, if this
happens to be near the natural frequency
of the structural member. Data from
several sources show normal vibration to
consist of a number of frequencics, that at
the enginc speed, in genceral, having the
largest amplitude.

Dircction of vibration depends primarily
on the arrangement of the airframe. For
example, one strut may have a 0.015 inch
horizontal motion at 1800 rpm, and another
a 0.005 inch vertical motion at 3600 rpm.
The resulting
tremely complex, even without considering
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transmitted motion is c¢x-

the e¢ngine beat in multi-engined ships.
Therefore, vibration components in all
directions at all destructive frequencies
must be allowed for in the design of a
mount for general use.

Amplitudes of vibration of the relatively
stiffl  structural members to which instru-
ments should be mounted are considerabls
less than the amplitudes of light panels, and
windows for instance. At cruising spced,
about 1/64 of an inch is the total excur-
sion of secondary structural members at
the radio operator’s station of a B-29, a
comparatively quict plane. Some panels of
light bombers, on the other hand, may cx-
cced 1/16 of an inch excursion. No data
is available on amplitudes when aircraft is
damaged in combat, but mounting equip-
ment tested for 1/16 of an inch total excur-
sion has consistently kept the radio cquip-
ment operative in such cases.

Although most instrument components are
now tested for failure by vibrating them at
large amplitudes for a short time within the
range of the engine speed, there is appar-
enthv no information available on the life
of such fragile components as radio tubes
over long periods of service, Tube life,
however, is often reported unsatisfactory by
the airlines. But until comparative tests
arc madc on mounts offering various de-
grees of isolation and having varving isola-
tion frequency ranges, we shall not know
just what the cconomical range and de-
gree of isolation are. Meanwhile, we can
only play safc and design for the greatest
isolation and range possible when the equip-
ment is fragile cnough to warrant it. Militar
specifications now call for at least 657
isolation of vibration in all directions at
cngine speeds (1800 to 2000 rpm).

Factors Ordinarily Considered

Let us now consider the sclection and lo-
cation of The general
theory of vibration isolation by spring mount-
ing is well known, but for convenience the

mounting  units.

fundamental formulas used in common air-
craft instrument applications are given.
Perhaps it should first be mentioned that
actual performance of commercial mounts
is very close to the computed theorctical
values, although the computation
friction. Moreover, units which
perform satisfactorily under test conditions
(simple harmonic motion) perform well un-
der the more complex vibration of service
conditions.

usual
neglects
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Figure 1—Simplified drawing of usual
method of mounting radio equipment

with vibration applied vertically.
|

Figure 1 represcnts a unit mounted on
equal springs, equally loaded, with vibration
applied in the direction of the axis of the
springs. The body moves only in the direc-
tion of the axis of the springs. To calcu-
late the performance of this unit, proceed

from the differential force-acceleration
equation

Woodx _ Kx

4G de 4
where:

W =weight of mounted equipment,

x =amplitude of vibration of spring sup-
ported mass,

G =acceleration caused by gravity, and

K =pounds per inch deflection (spring con-
stant).

Taking x=Asin2zFt we get the following

solution:

Resonant frequeney (Fy) equals

/

BN /1
\/ G\/ = 3.12\/ , and
2% w A

Per cent transmission (or amplification)
equals
1
F? ’
o1
F?
where

A =amplitude of applied simple harmonic

motion,
F =frequency of applied vibration, and

A =Static deflection of spring supported

1mass.

These relations are shown graphically in
figure 2. From this set of curves (which is
published bv most mount manufacturers),
and from the load-deflection curve pub-
lished for the mount selected, the perform-
ance of the unit can be determined.

Unfortunately, however, it is not usually
feasible to meet the conditions upon which
the curves of figure 2 are based. In the
first place, the mounting unit designs used
in the past differ considerably in vertical
and horizontal propertics.  But aircraft
vibration is as scrious horizontally as it is
vertically, so mount assemblies should be non-

directional.  Secondly, in the unit illus-
trated the mounts are located symmetrically
around the center of gravity, and the vibra-
tion does not apply anv torque to the equip-
ment. In the usual case where the mounts
are between the instrument and a shelf, the
center of gravity cannot be so located in
respect to the springs which isolate horizontal
vibration. With the consequent off-center
loading, a second resonant frequency, the
torsional mode, is present. This frequency
is higher than the centrally loaded resonant
frequency and, with the usual type of mount
conventionally located, is likely to be verv

near engine speed.

Additional Factors Necessary

No formulas were found in the available
literature for handling the torsional mode of
vibration, so a solution was worked out.
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Figure 2—Vibration reduction by spring
mounting. Dash line represents the re-
lation between resonant frequency and
static deflection. Solid lines represent
the isolation obtainable over a range
of applied frequencies for all common
values of static deflection.

Figure 3 is a simplified drawing of the
mounting application to be analyzed. The
supporting surface is vibrating horizontally,
and as a result the unit both rotates and
vibrates lineally. Only one of the four
identical and equally loaded shockmounts is
shown and analyzed, and is represented
schematically as two springs.

If we assume that notion starts from rest,
that friction is negligible, and that the
amplitude is sufficiently restricted so that
the center of gravity has negligible vertical
motion, the differential force and moment

cquations of the mounted mass are as
follows:

M dix
O = , T (x+WH)Ky

4 de

+ (—A) K, sine wt:
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I d*v i
O=_-——4+HK+ 4 HK,
4 de2
. . 1. o
+ 2 (Ko w 5 T —A) HKy, sine wt,
where

weight
M =mass of body ( G )

L,
I =moment of inertia of the mass ( )
2

H =distance from center of gravity to plane

of shockmounts,
L =distance between shockmounts,

K. =vertical spring constant of shock-

mounts,

Ky =horizontal spring constant of shock-

mounts,
A =amplitude of applied vibration.
o =frequency of applied vibration = 2xf,
x =lineal movement of body at time t, and

Y =angular movement of body at time t.

These conditions are satisfied by sine func-
tions (with zero integration constants) which
can be divided out. The resulting equations,
regrouped and transformned algebraically, give
the ratio of the lineal vibration of the mounted
unit to the vibration of the supporting surface,
and also a similar ratio for induced rotation:

Tw?

(HK + = Ky = HK2,
X (max.) _

L\® .
- (2) I‘-nl\\')

A Ml N M

16“"_[(H2K"+(2) Rv)

IRy, R L NG
+ 1 :|(~)'+|\u K. (7)

M
- w? Ky H
Y’ (max) 4

A MI /N, M
m—[<ka..+( ) Ky)
16 2 4

IK L\?

In practice, we are interested in the re-
sultant of these lineal and rotational no-
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VIBRATION
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Figure 3—Schematic drawing of usual
method of mounting radio equipment
with vibration applied horizontally.
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Figure 4—Vibration test performance
of radio equipment mounted on conven-
tional corner-located vertical shear
type mounts. Solid line represents unit
vibration when test table is vibrated
vertically. Dash line represents unit
vibration when the test table Is
vibrated horizontally, lengthwise, and
crosswise to the unit.

tions, and friction mecasurably affects the
results. Therefore, the equations are too
cumbersome and inaccurate to be useful.
However, the resonant frequencies are those
at which the denominators equal zero. The
accuracy of their determination is not
affected by friction, and bv knowing them
we can estimate performance  without
further mathematical gymnastics.

Therefore, equating the denominator to
zero, transposing to more convenient terms,
and applying the general formula for the
solution of quadratics, we derive the fol-
lowing formula for the higher of the two
resonant frequencies:

’

F =312 ‘ /B 4+ \B: — aC

2 ’

where

1.\?

() e
B =
DAR®
(3)
2

C = .

DA? R?

L. =distance between mounting units,

H =distance from center of gravity to
mounting units,

A =vertical static deflection,

DA =horizontal static deflection, and
I
R =Radius of gyrations ={/ __.
adius of gyrations \ N

Exact isolation curves for gencral applica-
tions, such as those shown in figure 2
cannot be given for off-center loading, since
the shape of the curve in anv application is
a function of the constants of the
ment to be mounted. Working the curves
out for particular application is
generally too long a job to be worthwhile.
However, for the same ratio between resonant
frequency and applied frequency, the per
cent isolation is greater for off-center load-

instru-

anv

ing than the isolation shown in figure 2, so
these curves can be used safelyv for estimat-
ing performance.

Inspection of the preceding formula
shows a number of interesting relations. Let
us examine the B term, since it is obvious,
after working a few practical solutions, that
this is the more important, although the C

term is not negligible.

Take the instrument
first. H (distance from mount to center
of gravity) appears in the second power.
In other words, the designer should keep

constants of the

the center of gravity as low as possible, a
fact which is fairly obvious without re-
course to mathematics. Then consider the
inertia-mass ratio (R). In the numerator it
is added, while in the denominator it is a
multiplier. For low resonant frequencies,
therefore, this ratio should be as large as
possible.  The designer can
affect this ratio somewhat by proper place-
ment of heavy components. The ideal lavout
would be one in which the weight is
concentrated equally at the corners. Al-

instrument

though this lavout is obviously not practical,
it is worthwhile to consider placing the com-
ponents for high moment of inertia about
the longest axis.

The other quantities in the B term con-
cern the selection and placement of the
mounting unit. The product DAy is the
horizontal static deflection of the mounted
instrument. This is in the denominator and
therefore should be as large as possible.
Mounts having large horizontal static de-
flection can be used without excessive move-
ment of the equipment. Horizontal motion
may be stopped by snubbers at a deflection
less than the deflection caused by gravity.
Vibration isolation, however, ceases when
the mounting surface is tipped from the
horizontal, and snubbing begins. Shock
absortion is also sacrificed. Balancing these
considerations is a problem for the mounting
unit designer, but the instrument designer
should be aware of them in order to make
the best selection for his application.

2)
From the term D(g‘)", we see that the

center-to-center placement  distance of the

Figure 5—Vibration test performance
of same equipment on the same mounts,
relocated and modified for greater

horizontal stotic deflection.
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J. H. Best
AFTER SERVING as Bendix Radio

manager on  the “Queen”™
ground station equipment, until its
completion
close contacts with the Engincering
Department—]J. H. Best decided to
“hop the fence™ and throw in his lot
with  engincering.  His  prior  ex-
perience had been in production con-

project

an assignment involving

trol at Sperrv Gyroscope, as assem-
blv foreman at Permuttit Company
and in various production capacities
and tool design at Bendix Radio.
Massachusetts Institute of Technology
had awarded him a B.S. in Industrial
Engincering in 1935, however, and
he had been elected to the Tau Beta
Pi, so the shift was a perfectly logical
one. He attended public schools in
New York State, completing his
college preparatory at Phillips Acad-
emy, Andover, Massachusetts, in
1931. For the last six months in the
Mechanical Engineering Section, he
has been project engineer on vibra-
tion isolation problems encountered in
the construction of aircraft radio
equipment.

mounts is an hmportant factor. The degree
of importance is determined by the con-
stants of the unit, and can be found only
after these constants Place-
ment, of svmmetrical
The instrument

are known.
should be
with the center of gravity
designer should note that decreasing the
center-to-center distance to the res-
onant frequency of relatively tall units, in-
creases the possible static and shock forces
at the Separate snubbers mav be
placed at the corners to take care of these
forces.

course,

lower

mount.

Advantage in New Design

The increased vibration isolation which
can be obtained from the modified mounting
units over that obtained from conventional
mounts is shown in figures 4 and 5. Mount-
ing units
described
able for

having the improved properties
are not vet commercially avail-
application by the equipment
although one company is
supplving complete assemblies.

designer, now



Solve Stenciling

Problem in Labs

UPON RECEIPT of the current Army
specification on transformers, requir-
ing that identification schematics be im-
printed on all transformer cans, H. ].
Oosterling, Transformer Section Chief,
found that the use of regular type stencils
rubber stamps was unsatisfactory;
steel stamps are impractical be-
thev place the cost line;
and that to attach name plates and keep
place difficult

and
that
cause out of
them in
problems.

presents many

In collaboration with R. J. Streb, Section
Chief of Mechanical Engineering, experi-
ments with different tvpes of stencils re-
sulted in finding one effective for use on
black painted surfaces. Units treated bv
this process have been subjected to the Navy
five-cycle salt immersion test and to 2000
hours of humidity tests without deterioration.
The plan of dividing lengthy schematics has
been adopted so that information is con-
tinued on two or even three surfaces. Samples
on 14 units have recently been submitted to
the Signal Corps for approval. Tests are
now under to determine whether a
black imprint on plain tin surfaces applied
by the same method will adhere strongly
enough to prevent chipping off.

way

In order to obtain surface for soldering
terminals to transformer cans, the two scc-
tions conducted investigations and sect up
facilities at Bendix for fusing tin plate. In
this process, the parts to be fused are placed
in a wire basket and immersed in 500°F
Crisco for one minute. The original dull,
harsh finish comes out shiny and smooth,
and presents a perfect surface for soldering
joints, The flawless electro-plating job re-
quired is done in plating tanks under the
direction of chemists from the Mechanical
Engineering Section.

Add New Models

To Compass Line

PRODUCTIO.\' FoLLow-UP on Radio Com-
pass MN-26, and development of new
models are continuing in the Receiver
Laboratory, with W. G. Yates acting as proj-
ect engineer on the entire line.

A number of installations of the MN-26HB,
completed in Receiver Engineering according
to a design drawn up by R. F. Hoover and
R. L. Daniel, Sales Engineers, have been
made, and other units are in production.
This model can be operated either as a left-
right or automatic compass, the changeover
requiring only a few connection adjust-
ments in the junction box.

The MN-26LB is a three band left-right
compass, two bands of which are used for
compass and communication, and one for
communication only. A new arrangement of
r-f units, originally designed by Vernon
Moore, Receiver Engineering, permits ad-
justments of trimmer and inductance screws
from the top and front of the equipment
without removing the cans. This simplifies
alignment both in production and in the
field. To effect this change, coils inside
the cans were recarranged, with the added
advantage that undesired coupling between
the coils was reduced, thus further minimiz-
ing tuning error in the compass. All fu-
ture MN-26 Radio Compasses will use the
new can design. Earlier compasses on
which the change is made, will be identified
by means of a *-2" added to the former
nomenclature.

The MN-26F is an automatic compass in
which the new r-f cans have been incor-
porated. This nodel introduces @ new
frequency range: 200-410 kc for Band 1:
850-1750 kc for Band 2; 2.8-5.8 mc for Band
3. Like the LB model, compass action is
restricted to Bands 1 and 2. All threv bands
are used for communication.

The MN-26UA, soon to be released, is
the same as the HB except that it operates
from 28v instcad of 14v.
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Changes Made In
Engineering Setup

L. WEBB, FORMERLY CHIEF ENGINEER,

e has been made Director of Engineer-

ing and Research in a reorganization of the
Engineering Department. A. E. Abel, for-
merly Chief of the Microwave Section, was
named Chief Engineer of all military, avia-
tion, railroad and radar products. Mr. Abel
has been associated with Bendix Radio since
1937, as Transmitter Engineer in the Wash-
ington plant and as Section Chief first of
Transmitter and then of Microwave Engi-
neering. Before coming to Bendix he was Re-
search Assistant in Rails Investigation at the

University of Illinois, and spent several
vears with the Radio Corporation of
America. R. K. Frazier is the newly ap-

pointed Section Chief of Microwave En-
gineering.

H. M. Detrick comes to Bendix Radio as
Chief Engineer of the Broadcast Receiver
Section after twenty vears of experience in
the design field. As Assistant Chief Engineer
at the Silver Marshal Company, Chief En-
gineer of McMurdo Silver, Incorporated, Vice
President and Chief Engineer of Hallicraft-
ers Corporation, Chief Engineer of Clough-
Brengle Company, the Stewart-Warner home
radio receiver division and of General In-
strument Company, Mr. Detrick has made
manyv contributions to radio receiver de-
sign, and has acquired broad experience in
practically all phases of the radio manu-
facturing business.

In his new capacity Mr. Detrick is in
charge of the development of receivers for
home use, and has in preparation designs
for a full line of table models, console com-
binations, portables and farm receivers
which will be readv when civilian production
begins.

Phase, Frequency
Meter Completed

DR. HaroLbp GoLDBERG, of the Research
and Development Section, has recently
completed an audio and r-f phase and fre-
quency meter which covers an audio range




of 20 to 5000 cps and a radio frequency
range of 200 kc to 10 mc. It is direct read-
ing on both ranges, on two alternate scales,
0° to 360° and +180° to +180°, graduated
every 5 degrees. Phase reading is inde-
pendent of frequency on the audio range.

All phase 1easurements are actually
made in the audio portion of the circuit
and are accomplished by generating a cur-
rent pulse of constant amplitude, the width

Audio and r-f phase and frequency meter.

of which is proportional to the phase dif-
ference.  Radio frequency phase measure-
ments arc made by heterodyning the radio

frequency input down to the audio range.

A notable feature is the sinple operation
whereby the audio portion of the equipment
is converted to a direct reading frequency
meter covering the range from 0 to 3600 cps.

The instrument operates from 105-125
volt, 60 cvcle, 140 watt power supply. The
d-c supply is clectronically regulated. R-f
input is cither through a coaxial fitting
which terminates the coaxial line in its
characteristic impedance, or through a pair
of high impedance probes which couple to
the phase meter by means of coaxial lines.

The equipment is sclf-calibrating on
phase, but frequeney calibration requires an
external oscillator.

Preliminary tests indicate that under con-
ditions of proper operation an accuracy of
better than ©2%
pected  on
readings.

of full scale mav be ex-

both phase and frequency

Iron Core Loops

Reduce Air Drag

NVESTIGATIONS CONDUCTED By G. O.

Essex, Receiver Engincer, with Kearfott
Engincering Companv cooperating on prob-
lems of mechanical design, have led to the
development of an iron core loop, which has

an air drag of less than 2V, pounds at 250

mph, and at lower frequencies has a sensi-
tivity cqual to present air core loops.

A unique feature of the new loop as-
sembly is hermetic sealing which need not
be disturbed even when making compen-
sator adjustments. After assembly, the com-
plete unit is exhausted, then filled with an
inert gas at approximately onc-half the at-
mospheric pressure, and scaled. This pre-
vents accumulation of moisture and oxidi-
zation of bearing surfaces. Captive screws
are located on the outside of the unit so
that correction mayv be applied to the com-
pensator through scaled metal bellows.

The loop antenna proper is housed in a
3/16 inch special glass dome. The rim of
the dome is surfaced with netal so that it
may be soldered to a metal baseplate. When
installed in the air stream of an aircraft,
the loop section is covered with a stream-
lined housing, which is approximately 1634
inches long, 6 inches high at its peak, and
53V, inches wide at the base, tapering toward
the top. If the loop is installed under an
existing streamline blister on the plane or
inside of a nonmetal aircraft, the housing
may be eliminated.

The loop drive motor, gear train, autosvn
transmitter, slip rings, bearings and com-
pensator, located on the opposite side of the
base plate and inside the plane, are hermet-
ically  scaled in brass with overlapping
soldered joints. All leads are brought out
through glass scaled terminals.

The entire assembly weighs approximately
ten pounds.

Plan N.Y. Show
Of Rail Paintings

“RAILROADIZ\'G IN AMERICA,  a scries of
20 water colors selected from those
painted by John M. Sitton of the Technical
Publications staff for Bendix as part of its
railroad radio program, will be placed on
exhibition at the Grand Central Art Gal-
leries in New York sometime in the early
fall. The exhibit is to be sponsored by the
Bendix  Aviation Corporation.

One of the large galleries of the Grand
Central will be devoted to the paintings,
which show railroading throughout the
country—from the Great Lakes to the
swamplands of Florida, and from the harbor
of New York to the deserts and high
Sierras of the West. The water colors were
painted by Sitton during the carly part of
the year. Cooperating in the project were
the Baltimore and Ohio; the Jacksonville
Terminal Company; the Atchison, Topcka
and Santa Fe; the Denver and Rio Grande
Western; the Chicago, Burlington and
Quinev; the Southern Pacific; the Chicago,
Milwaukee, St. Paul, and Pacific; and the
Pere Marquette.
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The two-week exhibit will be preceded by

a preview to which railroad officials,
government officials, and other interested
persons will be invited.
L L

Bendix Units In

L] L L
Diesel Exhibit

NEW  DIESEL LOCOMOTIVE, equipped

with a Bendix Radio communications
system, is now making a tour of all the rail-
roads in the country as an exhibit of the
latest in Dicsel equipment. The Electromo-
tive Corporation of LaGrange, Illinois, de-
signed the locomotive which is made up of
two 2700 hp units. L. B. Gilmer, sales
engineering, charge of the in-
stallation.

was  in

Publish Booklet
On RTA Tuning

N HIS RETURN FROM a visit to a num-

ber of ATC bases throughout the
country, J. W, Scalbom of the Service De-
partment prepared a handbook of instruc-
tions to aid inexperienced operators in tun-
ing the RTA-1B transmitter. Donal G.
Erskine and the staff of Technical Publica-
tions assisted with the lavout.

Generously illustrated, this booklet gives
a simple, step by step description of the
tuning process. Blank tables are provided
for recording tuning data, including the rel-
ative positions of antenna and plate rollers
in the output coil, for each channel in the
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Easily built wavemeter for RTA-18.
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transmitter. Data thus prepared for a cer-
tain tyvpe of airplane can be retained for
future reference when tuning is again re-
quired for the same type of plane. The
handbook is available without cost, singly
or in quantity, bv applving to W. L. Cun-
ningham, head of the Service Department.



The wavemeter used by Scalbom for tun-
ing purposes (sce illustration) was made by
him from inaterials readily available to
Army personnel, and can easily be dupli-

cated. The container, for example, is a
dehvdrator cartridge from an automatic
loop.

Gives Talks On
Quality Control

A\'ALYSIS OF THE RESULTs of nine months’
trial of a statistical method of quality
control in Bendix Radio inspection and pro-
duction procedures, has furnished basic ma-
terial for several lectures delivered by Dr.
S. B. Littauer of the Engineering Research
and Development Section. On invitation of
the War Production Board he has spoken
at Temple University, and again at Prince-
ton University as the guest of the Princeton
Quality Control Group. He also addressed
the Materials Committee of the Bendix
Aviation Corporation.

As a means of facilitating application of
the new statistical method, which has
more than doubled the quality level of a
number of products while reducing inspec-
tion to one-fifth of the previous requirement,
Dr. Littauer has also cooperated with B. L.
Sander, Administrative Assistant of the
Test and Inspection Department, in organiz-

ing training courses for inspection and pro-
duction personnel.

General Colton And
Staff Visit Plant

MAJOR GexERAL Roger B. Colton, Com-
munication Officer of the AAF in
charge of all electronic and radar communi-
cation procurement and engineering, made
an official visit to the Bendix Radio Towson
Plant in the latter part of May, to review
the production schedules and development
projects.

Accompanied by his staff, General Colton
conferred with W. L. Webb, Director of
Engineering and Research, J. W, Hammond,
Clommunications Radio Sales Manager, and
E. K. Foster, Factory Manager, and made
an inspection tour of the plant.

Thev were later guests at a special Innch-
eon in the plant cafeteria.

Plan Equipment
For Small Planes

ADEVELOP.\IENT PROGRAM FOR light aircraft
radio to be used in personal planes has
recently been inaugurated at Bendix Radio,
and a separate enginecring and sales organi-

PANAGRA Installation Outlined

[x tHE ofFfFicE of V. M. La Pierre, Superintendent of Communications for Pan
American-Grace Airways, at Limatambo Airport, Lima, Peru, final plans were outlined
for Panacka installation of Bendix Radio dual automatic compass and RA-2 Receiver.
Shown in the photograph are, left to right, R. V. Bruland, PaxacGka project engincer:
Don Pomerov, Bendix Radio South American representative; Mr. La Pierre, holding
MN-42B Dual Azimuth Indicator; and Bob Daniel, Bendix Radio Sales Engincer who

collaborated with company engineers in the first installation.

On completion of sub-

sequent installations in the 19 DC-3A’s, Paxacka flights will be made with 100%
Bendix Radio equipment. Map shows route covering eight South American countrics
over which Bendix Radio equipment flies in PAxackra planes.

31

zation set up. George Myrick, formerly
Marketing Director for Bendix Radio and
at onec time administrative consultant to the
CAA, is sales manager for the new Flight-
weight equipment, and Charles F. Luscombe
1s sales engineer. Luscombe was previously
connected with the Service and Parts De-
partment as domestic and foreign field repre-
sentative in Europe and the Pacific war
areas. Vernon Moore, of Receiver Engi-
neering, is in

charge of developinent

engineering.

Four types of equipment are planned. The
first is a range and broadcast receiver to
in combination with a vhf trans-
mitter-receiver, operating from a 12v d-c
vibrator power supply. Loop reception for
auxiliary direction finding is provided for
in the former equipment. The crystal con-
trolled vhf transmitter and receiver may be
independently set at any one frequency on a
118 to 122 mc band.

be used

The second type of cequipment is a port-
able combination broadcast and range
receiver. Operation mayv be from either a
dry battery or 113v a-c or d-c. Design in-
cludes a built-in speaker and a self-contained
miniature headphone. A loop, built into the
case, permits simple direction finding.

The third type of equipment is a single
band range receiver operating from a 12v
battery. Development of miniature sets is
also envisioned to take full advantage of all

possible size and weight reductions.

The Sales Department has acquired a
Stinson Vovager with a 90 hp Franklin
engine which will eventually be used in the
castern part of the countrv for demonstra-
tion purposes, but has meanwhile been
loaned to the Engineering Departinent for
flight testing the radio equipment in the new
Bendix Flightweight line. Previously oper-
ated by the Civil Air Patrol in anti-
submarine observation duty off the east
coast, the ship had been equipped with a
rack for 100-pound bomb. Refinishing is
being done in an effective black and white
color combination with insignia designed by
Donal G. Erskine, General
artist.

Engineering

AACORDOBA

SANTIAGO f@"



The editorial and art staff of the Techni-

cal Publications Section is preparing an
illustrated pamphlet to be circulated among
aviation committees throughout the country,
aircraft manufacturers, and fixed basc oper-
ators, describing the advantage

from radio in private flving.

obtained

New Posts For
Bendix Engineers

L. SPENCEK FLECTED Vice
e Chairman of the Baltimore Section
IRE at the June meeting of the group.
Other officers named at this time were
Ralph N. Harmon, Chairman, and Fred W.
Fischer, Sccretarv-Treasurcr, both of West-
inghouse Electric and Manufacturing Com-
pany.

WAS

W. A. Willis, member of Bendix Aviation
Materials Committee, has been appointed
Chairman of the Materials Standards Sub-
Committee of Bendix Aviation Corporation,
replacing H. L. Spencer who
resigned.

W. L. Wcbb has recently been clected a
Director of the Enginecrs Club of Baltimore.

recently

He represents the Baltimore Section  of

the IRE.

Audio Amplifier
Built for DC-4's

R. Funp oF THe Receiver Laboratory

e has developed a multi-channel audio
amplifier with remote control, following the
preliminary design prepared by R. L.
Danicl, Sales Engincer, in collaboration with
Aeronautical Radio, Incorporated. The new
unit, for use in DC-4 type plancs, makes it
possible for any member of an airplane crew
to select a receiver or a number of re-
ceivers without interfering with the recep-
tion of other crew members by introducing
interconnections. The
output from anyv channel, resulting from
coupling from any other channcl, is held at
least 50 db below the selected channel. In-
thus
obtained. Vibration problems are solved by

unwanted undesired

creased flexibilitv in operation is
locating the new amplifiers in the radio
rack instead of providing individual units in
cach jack box.

Six amplifiers, four for receiver output
and two for crew interphone, and a 200-
volt dynamotor, are mounted in a Standard
Aircraft Radio Case (SARC, which replaces
ATR), 19 inches long, built so that all con-
nections arc made at a 32-contact plug in
the rear of the unit. The plug is engaged
when the unit is placed on its shockmount.

P. B. Tanner (left), and J. B. Gale [right), Manager of Training, with Emiliano Ruiz
Diax of Paraguay and Sze Fu Chen of China who are receiving practical technical
training at Bendix Radio, were among those honored by the International Training
: ~ Administration at o testimonial dinner.

Operation from cither 14 or 28 volt d-c
supply is provided by exchanging dvnamotors
to conform with the powcer supply of the
plane in which it is to be used. Required
jumper connections are available in the
disconnect plug.

The amplifier sections have a minimum
over-all gain of 40 db at 1000 cycles, with
fidelity such that the audio output remains
within 4 db from 300 to 3000 cvcles. Dis-
tortion measured at 1000 cyveles and 50 mw
output does not exceed 3% . A 12A6 tube
was chosen because it was found to give
the nccessary gain with a minimum of dis-
tortion.

Honor Technicians
Trained At Bendix

miLiaNo Ruiz Diaz of Paraguav and

Sze Fu Chen of China, who, since last
April, have been receiving their practical
radio training at Bendix Radio, were among
the ten guests of honor at a testimonial
dinner given by the International Training
Administration. These ten technicians, in
this country under an arrangement between
the Brazilian, Paraguavan, Chinesc and
Turkish Governments and our own Inter-
national Training Administration, are work-
ing in several Baltimore industrial plants to
obtain instruction and cxperience in their
chosen fields.

Ruiz Diaz holds a degree in Electrical
Engincering from the National University

‘at Asuncion, where he majored in navigation

He came to this country on a
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and radio.

government  scholarship, and arrangements
were made through the office of the Inter-
national Training Administration by P, B.
Tanner, Manager of Engincering Sales at
Bendix Radio, to introduce him to Bendix
mcthods of manufacture and maintenance.

Sze, also a graduate Electrical Engincer,
reccived his degree at the American College
in Chungking, specializing in radio and
communication. After working for several
vears as radio repairman and on radio in-
stallations, he spent two vears with the ATC
in the service of the Chinese Government
cstablished in India, and was finally sent to
this country by his government specifically
to lecarn maintenance methods on aircraft
radio equipment.

Their Bendix Radio training has taken
them first through the engineering training
tour of the Towson Plant, under the direc-
tion of O. L. Peterson, Personnel Coordina-
tor of the Engineering Department, then,
successively, into the Production Standards
Department to become familiar with the
activities of the processing, production
methods and time study groups; into manu-
facturing, assembly, inspection and test
departments; and finally through a period
of actual experience in trouble shooting and
repairing in the Scrvice Department.

Sze, after additional experience in other
industrial plants, will return to his native
country to take charge of the maintenance
of aircraft radio equipment for the Chinesc
Government. Ruiz Diaz plans to establish
himself in private business in Paraguay in
the field of radio servicing, especially air-
craft radio, for whi¢h few qualified engincers
are at present available.



RMA Capacitor Committee meetings in
New York and Philadelphia were attended
bv H. A. Cook, who also went to a wire

specifications meceting at Fort Monmouth,
N. J., and investigated new parts at Resistor
Instrument, Little Falls, N. Y.; I. T. E.
Circuit Breaker at Philadelphia; Erie Re-
sistor Company at Erie, Pa.; Weston and
Westinghouse at Newark, N. J.; Telex Prod-
ucts in New York; and Aerovox Corpo-
ration at New Bedford, Mass.

A cryvstal frequency indicator was dis-
cussed by P. G. Crice at the
Ships in Washington.

Bureau of

The operation of a high frequency ampli-
der was demonstrated at Red Bank, N. ],
bv H. M. HuckLeBERRY and R. 8. LEISTER.
HuckLEBERRY then went
Electric at Newark, N. J.

Proposed transformer specifications were
the subject of a transforiner conference held
at the Signal Corps Inspection Office at
Newark, N. J. A. J. Rouxer and H. ].
osTERLING attended, with manufacturers
and all branches of the armed services
represented. QOsSTERLING, official representa-
tive of Bendix Radio, was selected as alter-
nate on the manufacturers’ committee.
QosTerLING and E. S. OakEs also attended
a transformer conference at Hudson Ameri-
can Corporation in Brooklyn, N. Y.

to Continental

Films of Bendix equipment were reviewed
at the Pentagon in Washington by O. L.
PeTersoN and CapT. A. B. GITTELMAN.

F. M. HoerricH, Bendix engincering re-
presentative to Transmitter Equipment Com-
pany in New York, made several trips there
for engineering conferences.

New equipment was tested at Fort Mon-
roe, Va., and at Fort Hancock, N. ]J., by
A. R. KeskiNnen, R. J. Davis, and W.
TUDDENHAM.

“Aircraft Electronic Avigation Devices”
was the subject of a talk delivered at the
Curtiss-Wright Engineering Forum at Buf-
falo by Dr. S. B. LiTTAUER.

A Bendix Aviation Drafting Standards
meeting in New York was attended by L. T.
Barp, who also visited Remington Rand’s
Microfilm Laboratories and the Microstat
Corporation.

D. Garrisox flew to General Mills, In-
corporated, at Minneapolis.

A license for a television station was dis-
cussed by D. C. Hizratu at the Federal
Communications Cormnmission in Washington.

Projects originating in his section were
the subjects of visits bv W. H. Sims, Jr., to
Hudson American Corporation in Brooklyn:
Robinson Aviation in New York; Multi-
Products in Newark; and Allied Control in
New York.

W. A. WiLLis attended a Bendix Aviation
Materials Committee meeting in New York.

Danly Machine Specialty Company in
Chicago was visited by W. E, BarTLEs, who
discussed the building of special parts for
a new equipment with engineers there.

Various projects under way necessitated
trips by N. Ravyoxp to Wright Field,
Sparks-Withington at Jackson, Mich., and
Colonial Radio at Buffalo, N. Y.

V. Moork attended an S, A, E. meeting
in Davton, Ohio, and went to Washington
installations on private

concerning radio

planes.

A new control pancl was discussed by R.
V. Linpner at Hudson American Corpo-

ration in Brooklyn.

G. R. Wuite discussed the standardiza-
tion of Q meters at Boonton Radio Corpo-
ration in New York.

A. C. OMBERG visited Wright Field and,
with W. H. Sims, Jr., went to the State
Department preparatory to going overseas
as technical observers.

L. R. Yates conferred with officials at
Airadio, Incorporated, at Stamford, Conn.

H. WaLker attended a conference at
Wright Field, Davton, Ohio.

A tooling project was discussed at Hudson
American Corporation in Brooklyn by J. R.
MasoN. Mason also went to  Multi-
Products in Newark, N. ]., concerning a
motor drive.

A quality control conference at Princeton,
N. J., was attended bv A. C. OMBERG and
Dr. S. B. Litrrauer. They also visited the
quality control group at Temple University
in Philadelphia, and attended an engineer-
ing conference at the Eclipse-Pioncer Divi-
sion at Teterboro, N. ]., concerning the
dual radio magnetic indicator.

Hazeltine Electronics Corporation in New
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York was visited bv W. E. Moxros, Jr,
S. Larick, and A. E. ABFL.

J. P. SHaxkLIN visited the Puget Sound
Navv Yard at Bremerton, Wash.

H. M.

Army

HuckLEBERRY toured fourteen
Air Base with communications offi-
cers from the Air Transport Command vicw-

ing Bendix equipment.

A conference on antennas in Boston,
Mass., was attended by R. J. STrRes and H.
V. HErmaNseN. STres went to New York
to discuss a new control with officials at
American Tyvpe Founders and to discuss

shockmounts at Robinson Aviation.

W. L. Wess visited the Bartol Research
Foundation at Temple University in Phila-
delphia; the Bureau of Ships Naval Re-
scarch Laboratories and the State Depart-
ment in Washington; attended conferences
at Wright Field; visited the Coluinbia Re-
cording Company at Bridgeport, Conn.;
then went to the New York office at
Rockefeller Center.

Research developments for new equip-
ments were discussed at Massachusetts In-
stitute of Technology by A. R. KEskINEN,
W. TupbexHaM, and M. HECKER.

A new phonograph pickup device and
electronic inventions for pianos and phono-
graphs invented by B. F. Miessner were
viewed by D. C. HieratH, G. ELTGROTH,
and H. M. DeTrick at Miessner’s Morris-
town, N. ]., laboratory.

A CAA meeting in Washington on radio
compass equipments was attended bv G. O.
Essex. Essex and A. A. HEMPHILL visited
Norfolk, Va., concerning radio equipment
for a Navyv installation.

E. L. WEIGEL went to the Hudson Ameri-
can Corporation in Brooklvn concerning a
control box he engineered. WEIGEL also at-
tended a conference at Wright Field con-
cerning the same equipment.

D. W. MarTIN spent a week at the direc-
tion finder site of Federal Telephone and
Radio Corporation in Newark, N. J., and
visited the Bureau of Ships in Washington.

The flux gate compass installation on the
Bendix Radio Lodestar at Washington Na-
tional Airport was inspected bv A, C.
OmMmserG, B. Ocuterseck, R. Corvin, G.
E. Bevins, and Dr. S. B. LitTausr.



Fl/6H

T HE ENGINE ROARS for the take-off, then
settles into a loud drone as the instru-
ments show manifold pressures of 27 inches,
propellers svnchronized, airspeed of 160
knots and an altitude of 5000 feet. A few
minutes later the navigator directs the pilot
over the intercom with “At 1500 head 282
degrees magnetic. Estimated time to target
57 minutes.”” The radioman reports the
plane’s positions and time of departure over
the bomber’s transmitter.

At that time, in response to a command
over the intercom, the engines die to a
whisper, and then are quiet; the pilot crawls
from the cockpit, and the navigator and
radio operator step from a hut in the corner.
Outside, an instructor waits to hold a post
mortem on this elementary lesson in flight.
One advantage of learning to flv on the
ground is that students learn from their
mistakes instead of being killed by them. So,
in the Special Devices Division of the Bureau
of Aeronautics, mockups of regulation Navv
equipment are built to simulate flight con-
ditions.

Before this war, classroom training was
followed directly by actual training flights.
Now that student experience with special
devices is sandwiched between the two other
types of training, the completed course takes
less time and less money. For example, train-
ing a bomber pilot in addition to his class-
room work, formerly took 60-80 hours of

flight at a cost of $350 an hour. Now, with

a demonstration panel salvaged from a
bomber, some sound effects, and an in-
structor’s control panel, the student pilot
can go through the motions of flving all

day for about a dollar.

The navigation trainer is a more ambi-
tious project designed to help the navigator,
radio operator, and pilot work together as a
crew. It has three units—a Link trainer for
the pilot, a control board for the instructor,
and a hut or cubicle resembling the interior
of a Navy patrol boniber and fitted with
navigation and radio equipment. One such
cubicle has recently been equipped with the
Bendix TA-12, RA-10, and MN-26, and is
now used at the Naval Air Station in Lake
City, Florida. Two prototypes were made
by the Navy and tested in the field before
being turned over to the Flight Training Re-
scarch Association for the production of
fifty such trainers. The Navy furnishes the
gear out of stock, but the contractor builds
the cubicle, and assembles the cables, and in-
stalls the equipment.

Transmitters feed into dummy antennas.
At the control board, the instructor can
monitor three or four transmitting frequen-
cies and operate on at least two. He uses a
Bendix LM-10 for crystal
indication.

frequency

Direction finders in use on these trainers

range from the antique DW-1 to the

SCR-269, MN-26, and MN-31. Old equip-
ment is still in use since, in spite of top
priority, there is some lag between the first
delivery of equipment to the Navy and its
assignment to training devices. Compass
equipment is particularly important because
of the radio operator's need for training in
taking bearings. caused by
familiarity with equipment, arouse the
navigator's distrust; but a crew accustomed
to working together in a trainer soon learn
how to avoid mistakes, and how to make
full use of the direction finding equipment.
For navigation, the radio compass in the
trainer is accurate within 1 to 172 degrees—
a relatively unimportant error.

Errors, un-

With the growing complexity of naval
airplanes and their weapons, the training
devices must grow in size and intricacy. The
adoption of the F6F fighter two vears ago,
for instance, resulted in a giant contraption
with all the characteristics of the plane.
Thyratrons, relays, and servos throughout
the equipment provide almost complete
electronic control; vacuum control is used
only to give the soft feel of the gears. In
addition to the instructor’s control panel,
this equipment is supplemented by a mech-
anical device which records the details of
the flight on a chart at a nearby table.

Not all of the training devices are such
awesome machines. Often found
recreation rooms is an innocent

in naval
looking

Complete crew navigation trainer for PBY-5 with instructor's control board at left, cubicle for navigator and radio man in center,

and Link trainer for pilot on the right.

Courtesy of Bureau of Aeronauties.



Courtesy of Bureau of deronautics

Crew ftraining cubicle for PV-1 with
MI-22A Station Box and controls at left
of opening, and MN-26 Radio Compass
on shelf at right of navigator's station.

adaptation of a pinball machine which drills
enlisted men who wish to improve their
ratings. With the push of a button, a card
flips into sight showing a question and a
list of possible answers; the ambitious tyro
presses a button with the number of what
he hopes is the correct answer. If he muffs
it, an embarrassing red sign “INCORRECT"”
spreads across the light board; if he is right,
a golden “CORRECT” shines forth. This
mechanical wizard also counts the seconds it
took himn to indicate the answer, and totes
up his score in as baffling a way as any pro-
fessor ever devised.

Radio man's station at back of cubicle beyond navigator
includes (left to right) MI-22A Station Box, MT-51C Remote
Control for transmitter, Crystal Frequency Indicator, MR-9B
Remote Control for receiver, Azimuth Indicator and MN-28C
Remote Control for radio compass. Also at hand is 36-11-D
Interphone for talking with pilot in Link trainer outside
cubicle, and with navigator. Six such cubicles can be run
from the instructor's desk outside.

Kites also contribute to the training of
naval aviators. A target kite emblazoned
with a silhouctte of a Jap planc flies about
150 feet high at sea, or can be trailed over
the countryside by jeep. Its rudder and
bridle assembly provides realistic action so
casily controlled that its operator can in-
dulge in some cphemeral skywriting.

Whatever the atmosphere of game-plaving
and competition, the devices are carefully
planned for efficient training. In gunnery,
for instance, the student begins with a range
estimation trainer—an oversized coffin-like
hox with observation sights protruding from
the end. Through one of these sights, a
student sees an enemy plane in the murky
distance which must be calculated. More
complicated problems are presented when,
under the control of an instructor, the
color of the sky changes, and the distance
and angle of the plane change. Mastery of
ranging is followed by training in turret
control at first by sighting a light spot which
moves across a screen in an unpredictable
pattern. Because the spot is controlled by
two irregularly shaped cams moving in op-
posite directions, its pattern is not re-
peated until 13 hours have clapsed—long
cnough to prevent high-powered memory
work by the trainees. Next the free gunnery
student learns to aim at a moving photo-
graph of a planc on a screen. Training for
the fighter pilot comes in a Gunairstructor
equipped with moving picture screen, control
instruments for the instructor, and a cockpit
cquipped with controls and sights. In action,
the plane roars, the enemy plane flashes
across the screen, and the student takes
desperate aim. Given only half a minute of
amrmunition, he soon learns the folly of being
trigger happy; he carefully  before
pressing the trigger. Then the rattle of the
machine gun reverberates in the hut and-—if

aims

Behind PV-1 navigator is stored TA-12

Transmitter and (abovel MT-53B An-

tenna Loading Unit and MP-28 BA Power

Supply. RA-10 Receiver is not shown
in picture.

he is lucky—-the elusive plane #lashes red for
an instant before it goes on playing hard
to get.

The difficulty of this lesson, as with most
of the other devices, depends on the in-
structor. Recently a commander just back
from the Pacific was given a strenuous work-
out at the student controls with a licutenant

as instructor. From the cubicle the com-

mander emerged red-faced and awed by the
magic of the electrical circuits and the in-
genuity of the instructor. Only then was he
told that he had met a gambler’s fate  -the
percentage against himm was 60-40.




MECHANICAL
STANDARDS
MANUAL

AN AUTHENTIC REFERENCE on Bendix
Radio mechanical design practices s
being prepared by the Mechanical Standards
Committee to establish uniform procedure
throughout the plant, thus avoiding produc-
tion snarls and costly salvage. It will re-
solve differences of opinion among depart-
ments and engincering sections into stand-
ards acceptable to all.

Standard drafting practices, covering the
minimum information required on all draw-
ings, will be cstablished and published in the
manual. Suitable instructions are to be
provided stating how to specify tolerances
and exact dimensioning to insure abnormally
close fits and precision workmanship where
necessary. As a further aid to the design
engineer and draftsman, useful manufactur-
ing and fabricating information will be in-
cluded, as well as helpful notes on machine
shop and mill practices. On the other side of
the picture, information will be provided,
within practical limits, on all matters related
to mechanical design which cannot be in-
cluded on drawings, such as quality of work-
manship expected for various types of manu-
facture, and fabrication processes generally
employed. This information will not, how-
ever, be referenced to specific drawings and
is not intended in any scnsc to fix legal
boundaries. Routine reference tools of all
mechanical design engineers, such as data
sheets, reference tables, processing informa-
tion, and Bendix Radio drafting practices,
will be incorporated in the contents, as
well as inspection limits on such matters as
flatness, straightness, and
parallelism.

squareness,

Engineering Organization
(Continued from page 5)

On the other hand, in the design of a
consumer product, such as broadcast receiv-
ers, where production might be between
1000 to 4000 per day, extremc care Inust
be taken with each detail, for a failure in
the field or a line shut-down mecans the
return of thousands of scts, or the loss of
production of thousands of sets.

We also must find a simpler and faster
mcthod of handling the design and manu-
facture of orders for new cquipments in

quantities as small as from 5 to 50. It is

my opinion that for this type of order we
must bypass a great many of our controls.
We should assign cngineering, production,
and test personnel to the job, and allow them
to work together as a tecam, making com-
plete drawings or parts lists unnecessary.
Engineering releases could be made infor-
mally and no material control would be in-
volved. The group would handle its own
requisitions and accumulate material in its
assigned arca. Thus, Engincering Service,
Planning, Material Control, IBM and all
other control departments would be bypassed.
We must operate in this manner if we are
to compete with smaller firms on special
products.

Finally, therc must be flexibility in our
thinking so that our primary objectives can
be accomplished, regardless of the necessity
for changes in established practices and de-
partmental organization, or in the shifting
of facilitics and personnel.

VACUUM SWITCHES

(Continued from page 13)

This value is greater than the actual acccler-
ation for small intervals of time (sec figure 11).

If we use this value, s = 28.8 X 10-? inch
for 3.333 microseconds (the time for onc cycle
at 300 kilocycles), the actual distance would
be smaller.

STEADY

a START OF
[ CURRENT

i |

L S S £
% | .
SMALL LARGE
TIME TIME
INTERVAL INTERVAL

Figure 11—Graph of acceleration build-
up with time, as contact opens.

The known interval of time before the are
forms is 200 microseconds after the contacts
start to open. The simplified formula gives
s = .1038 X 103
course, in crror on the larger side.

inch
It is ap-
parent therefore that the formula sclected
should be governed by the accuracy required
and the particular interval being sought.

The formula for the capacity between

parallel plates is

-

= - wfd,
36xd X 105

where

K =dielectric constant,

36

which value is, of

A =plate area in square centimeters,

d =distance in centimeters between plates
(d = 28.8 X 10 %inches = 7.32 X 10 *cm).

From measurement, the contact diameter
was found to be 0.090 inch or 0.228 cm.

Therefore,
A = (0.114)2x = 040859 cm.
Substituting the values of K, A and D we get

C = .0493 pfd.

From this value of C we can conclude that for
a short time after the relay contacts opened,
such as the time of one cycle at 300 ke, the
contact capacity was too high for the arc to
A 0.0493 ufd capacity is about 10.8
ohms reactance at 300 kc. At 1.7 ampere, the

form.

voltage drop across the contacts under these
conditions is about 18.4 volts. Since we know
that the actual contact spacing is less than the
value used to compute the contact capacity
we can be sure that the actual contact capacity
would be more than the value given in this

discussion.

Let us now consider the contact spacing of
0.1038 X 10 3inch computed with an assumed
average acccleration for the time 200 micro-
seconds. This contact spacing gives a capacity
value of 13.7 pupfd, which is too small to in-
fluence the are formation at 314 ke.

Evidently the time of arc voltage drop
formation shown in figure 5 is not dependent
on the capacity alone, but also on the resist-
ance of the arc. Consideration of the spacing
of the contacts at the time the arc was broken
(1310 microscconds after opening started) in-
dicates that the computed 0.002 inch spacing
gives a capacity of approximately 0.7 ppfd.
‘This capacity is too small to prevent the cur-
rent from being interrupted cven at very high
frequencies. At 100 mc, for instance, the ca-
reactance is

pacitive approximately 2250

ohms. It can be concluded that even though
the radio frequency determines when the arc
is formed after the relay contacts have opened,
it is not likely to influence the time in which
the arc is broken, unless the radio frequency
If the fre-

quency is sufficiently high, an arc might not

is of the order of 50 mc or more.

form at all and only capacity current flows
after contact scparation.

It is hoped that the physical and mathemati-
cal data presented herc will prove useful to
other engincers interested in using vacuum
relays in any of the many applications for
which they are suitable.

The writer wishes to thank Dr. john W.
Hurst of Microwave Engineering for assist-
derivation of the

ance in checking the

formulas used in this article.
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Music Appreciation

Going to a party on one of the islands
of the southwest Pacific turned out to he
a good stroke of business for Signal Corps
troops. One stifling day as they toiled along
searching for a break in a telephone line,
a messenger from a native chieftain invited
them to a local banquet. They accepted the
invitation, and went back to their work
grumbling at the frequency with which
telephone lines had to be repaired on that
island. As usual, they found a stretch of
wire missing entirely from the line—and no
clues, no corpse strangled with wire, not
even a footprint.
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Having failed as detectives, the GI line-
men went off to be the life of the partyv. The
food was plenteous, the girls were lush if
not beautiful, and native dancing followed
the meal. One jaded observer of the dance
turned from the gvrating girls to the
musicians who were administering a few
hot licks on native instruments. The gleam-
ing strings of a banjo caught his attention
and he feigned tourist curiosity in order to
confirm his suspicions about the wire. He
was right. A pow-wow with native chiefs
cut down the Signal Corps repair bill in no
time.

Life Abroad

When the American Liberty ship carrving
acrial bombs exploded in the Bari harbor
shortly before noon April ninth, causing
what the Associated Press termed, “onc of
the major disasters of the war in the
Mediterranean theater,” J. Walton Colvin,
Service Department field representative in
that area, was an eve witness. A moment
before, he had been within a hundred feet
of the scenc where suddenly a huge ball
of firc and terrific blast hurled people
violently into the air, killing hundreds and

servicemen and
civilians, seriously damaging harbor installa-

thousands of

injuring

tions as well as city buildings, setting fire
to hundreds of ships moored
ncarby, and causing a tidal wave which
added to the gencral horror. Colvin was
badly shaken and had his face cut. “The
experience can’t be described,” he wrote.
“It was worse than any air raid.”

merchant

Less calamitous was Colvin’s  difficulty
with his third class mail. He complained
loudly’ that he was not receiving the

BENDIX RADIO ENGINEER. Duplicate
copies were sent twice, but none reached
him. Finally, after a long distance huddle,
two copics were sent at the same time-
one to Colvin, and the other to the office of
the Commanding Officer. It worked like a
charm.

Occupational Hazards

Al Parker reports that plane accommoda-
tions for radio men on duty are something
less than luxury liner style. Once on a trial
flight to New York, he was abhoard the
Standard Oil twin-engine plane on which
Bendix radio equipment had just been in-
stalled. Before the plane was out of sight of
the airport, the cabin grew warm
clouded up with spirals of smoke. The pilot,
who had flown this nearly-new plane only
cight hours, decided to play safe and circle
the field. In the meantime, Al and the co-
pilot, growing hotter and hotter, peeled out
of their coats and feverishly sought the
source of the trouble. It turned out to be
simple enough-—-someone had opened a heat
valve and the smoke was burning off the
heater surfaces.

and

Another time he was plagued by more
than atmospheric difficulties. He was making
tuning adjustinents on a TA-6 Transmitter
while in flight on a Beech D17S plane owned
The
transmitter had been placed temporarily on
the floor of the cabin where the rear seat
had been removed. Al seated on the floor
athwartship just behind the pilot and co-
pilot, got down to business. As the plane
galloped along at a low altitude, he braced
himself with his screwdriver to counteract
the bumpy flight and thought of Mother
Sill's remedy. Next he felt a slow burn—the
TA-6 tubes beside his left hip were warming

by the Altoona Aviation Corporation.

up. Making all adjustments while looking
over his shoulder was rather grim, but the
stifft neck convinced him that
enough’s enough.

resulting

Caribbean Cruise

During a recent trip to Panama on a
Navy Aviation Repair Vessel, W. L. Webb
did not envy the regular naval personnel who
began work at 5:45 A.M. General quarters
is sounded at davbreak when all officers and
crew dress and go to their battle stations for
half an hour of practice in battle routine.
Being the Captain’s guest brought its own
rewards—shooting clay pigeons, for example
from a trap set up on deck. When the ship
is in port, the Captain has the use of a car
with a driver, and a personal ‘“gig” which is
a speedboat for his own use.

Rough weather during the first two davs
of the trip made many of the crew scasick.
A Navy doctor on his first trip to sea had
been lecturing the officers and men on the
theme that seasickness is a mental condition
and can be avoided by belicving that one
will not be seasick. It didn’t work. The Navy
doctor was confined to his bunk for 24 hours
with one of the worst cases of scasickness
aboard.

The soda fountain on the ship, which was
presented to the officers and crew by Bendix
Radio, operates with sufficient profit to give
the men free tailor, barber, and laundry
service.

Ashore at Panama, Webb practiced his re-
cently acquired Spanish as he went sight-
scecing among the old churches, Blue Moon
Cabarets, and interesting shops.

/7 > \\
4 \ \
\ \ \'—';,A" | 3

‘\A_,-: "‘ \ ’ —
=) i
& Y
( Z A

NS \
N 23 / - \ \ //

On the way home, the climate went into
reverse, The weather in Panama was delight-
ful as the Navy flving boat lifted and headed
north to Miami where it was much warmer.
The next day, the plane from Miami stopped
briefly at Charleston where it was noticeably
warmer, at Norfolk where it was hotter still,
and finally landed in Washington—the
furnace room of the Americas.
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