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SHOWN 
ACTUAL SIZE 

Eastern Aviation Hydraulic Pumps set new standards for performance, yet are 
the smallest, most lightweight ever made. 

By meeting customer requirements and government specifications with precise 
detail, Eastern Pumps give reliable long-term service. 
Hundreds of models, close-coupled to electric motors with speeds to 24,000 
RPM, can be furnished for your special systems. You gain the advantage of 
economical mass-produced components custom-engineered into whatever 
configuration is needed. Performance is from .015 to 1.5 GPM, 0 to 3000 PSIG, 
with theoretical displacements from .0021 to .0419 cubic inches per revolution. 
A variety of bearing combinations handle different types of fluid and 
operating pressures. 
Missile and aircraft system engineers have discovered Eastern Pumps do the same 
job as units that use greater space and weigh far more. Applications have 
included circulating coolant in bomber guidance system, providing hydraulic 
power for ground control of jet, charging accumulator in an in-flight refueling 
system, furnishing an APU system with power to a missile, and countless others. 

For your next project, contact Eastern for creative engineering help that really helps. 
Write for NEW Aviation Bulletin 350 describing 

the above units and larger-capacity pumps. 

EASTERN INDUSTRIES, INCORPORATED 
100 Skiff Street © Hamden 14, Conn. West Coast Office: 1608 Centinela Avenue °* Inglewood 3, Californ 
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Anti-Skid 

are 

Ay 

Others to fallow soon. 

Two superbly efficient systems —develop- 
ments of Wheel and Brake Engineering 
of the Aviation Products Division of 
Goodyear—now offer solutions to tire 
skidding in aircraft landings. Each holds 
certain definite advantages, both can be 
depended on to minimize the hazards 

Skid Warning System* 

inherent in today’s high-speed landings. 
Why not look at the facts below, then let 
us help you decide which system better 
suits your operating conditions. For com- 
plete information, just write: Goodyear, 
Aviation Products Division S-1711, Akron 
16, Ohio, or Los Angeles 54, California. 

Fully automatic Anti-Skid System 

A plunger thumps the pilot's foot. 

How it works—The moment rotation of any tire 
begins to drop abnormally, a plunger projecting 
through the brake pedal involved actually thumps 
the pilot’s foot, warning him to ease up on brake 
pressure, eliminating skids and tire damage. 

' Advantages — Lightweight, low cost, completely 
independent of and simple to install with any 
braking. system, requires minimum certification 

and flight check-out time, includes simple switch 
check-out system, pilot retains control. 
*Now CAA-approved for Douglas DC-7B series aircraft. 

+Patents pending 

AVIATION PRODUCTS 

A solenoid vaive releases brake pressure. 

How It works—Automatically releases the brake 
pressure on the skidding tire through the action 
of a solenoid valve. When the skid has been 
stopped, the valve automatically allows braking 
to recommence. 

Advantages—Complete and automatic protection _ 
against all skid and wheel lockup conditions. 
Eliminates flat-spotted or blown tires. Extremely 
rapid response, resulting in consistently short 
stopping distances for any given runway condi- 
tion. Sizable number of field installations have 
proved years of trouble-free service. 
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An auxiliary source of energy that may find early use in space—a radioisotope 

fuel cell power system—is envisioned by artist DiGeorge in an orbiting satellite. 
This combined nuclear-chemical power station, one of several types discussed in 
an exclusive report beginning on page 30 of this issue of Aero/Space Engineer- 

ing, can provide the electrical power requirements for satellite missions over 

Major components, indicated at left, are: 

in which water is decomposed into hydrogen and hydrogen peroxide under action 

of radiation from radioisotopes contained in ‘‘fuel’’ plates. 
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MINNI 

pass tough, new 

ALTITUDE-MOISTURE 
RESISTANCE TEST 
Salt water immersion, 

65,000 feet altitude 

Designers and manufacturers of aircraft and missiles, as 
well as the military, have long recognized the need for 

a connector altitude-moisture test which would accu- 
rately simulate actual performance conditions. Such a 

test has been developed by manufacturers and the mili- 
tary and applied as standard procedure on the 67 Series 
MINNIE connectors in the AMPHENOL Laboratories. It con- 
sists of the following: 

A plastic tank is filled with distilled water and salt 
added to obtain a solution of 1.050 specific gravity. 
Marker dye is added for tracing leakage paths. The 

connectors are given a dry insulation resistance (IR) 

reading with a 500 volt megohm bridge. All coupling 
rings are then securely hand-tightened and grom- 
met clamps rechecked for tightness. The connectors 
are then completely submerged in the salt solution 
so that all cable bundle ends are out of the solution. 

The ends of the cable bundle from one side of each 

connector are taped. The tank and connectors are 

placed in an altitude chamber and another IR reading 
is made. 

The pressure inside the chamber is then reduced 
to 0.82 inch of mercury (80,000 feet altitude) and held 

for one minute, then increased to approximately 2 
inches of mercury (65,000 feet altitude). After main- 
taining 2 inches of mercury for 42 hour, the chamber 

is returned to room ambient pressure for % hour. 
This is considered one complete cycle. Connectors 

are subjected to a total of 10 cycles. 

At the conclusion of the tenth cycle, connectors 
remain completely submerged in the salt solution 
container at room-temperature and pressure for an 

over-week-end soak (65 hours). Final insulation re- 

sistance reading is then taken. Immediately after last 
IR measurement, specific gravity of salt solution is 

taken. 

The “E’’-type construction of AMPHENOL 67 Series 
MINNIE connectors was originally designed to meet the 
moisture resistance requirements of MIL-C-5015C, Par- 

agraph 4.5.21. Since the development of the new and far 
more stringent altitude-moisture test, MINNIE’s construc- 

tion design has been modified and all AMPHENOL MINNIE 
“E”-type connectors pass this test. 

4  Aero/Space Engineering + July 1958 

TECHNOL OG. 

CONNECTORS 

Following the altitude-moisture resistance test, insu- 

lation resistance measurements (in megohms) on produc- 
tion MINNIE “E” connectors were as follows: 

Insulation Resistance 
Cycle Contact to Contact Contact to Shell 

0 (initial) 6000 7000 
1 7500 4000 

2 5500 3200 

3 5500 3000 

( night 17 100 
5 2800 1100 

6 3000 1100 

7 3000 1100 

8 3000 1100 

9 3000 1050 

10 3000 1050 

1 (overnight 17 
hour 2800 1000 

w nd 6 

AMPHENOL MINNIE “E” connectors not only meet but sur- 

pass the requirements of this tough new test. 100 meg- 

ohms is the minimum insulation resistance required by 
MIL-C-5015C after moisture; MINNIE’s minimum insula- 

tion resistance after immersion and altitude cycling is 
1000 megohms. 

67 Series MINNIE “E” Connectors 

DESCRIPTION Miniature, multi-contact electrical connec- 
tors of the quick-disconnect bayonet lock typé. Available 

as Plugs, Cable and Panel Receptacles, and Single Hole 

Mounting Receptacles. Shell design classes include: 

cLass E—Environmentally resistant— 
individual wire seal 

cLass P—For potting 

cLass H—Hermetically sealed 
cLass J—For jacketed cable 
cLass cC—Standard cable clamp 

There are five shell sizes, and 17 insert arrangements— 
ranging from 3 contacts in the smallest to 48 contacts in 

the largest. 

PART NUMBERING Descriptive part numbering of MINNIE 
connectors follows that used with AN (MS) connectors. 

NOMINAL CURRENT RATING #20 contact is rated at 7.5 
amperes and #16 contact at 17.0 amperes. 

—67°F. (—55°C.) to +257°F. OPERATING TEMPERATURE 
(+125°C.). 
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News 
. . arecord of people and events of interest to Institute Members 

Aero-Space Scientists and Engineers 
to Convene at Congress in Madrid 

oe and engineers from 22 nations will meet at Madrid, Spain, 

for the First International Congress in the Aeronautical Sciences, September 
8-13. 

Offspring of the International Coun- 

cil of the Aeronautical Sciences, the 

Congress will be presided over by 
Theodore von Karman, ICAS Honor- 

ary President. Dr. von Karman also 
will deliver the Daniel and Florence 

Guggenheim Memorial Lecture on 

September 8. 
The same day, delegates will hear 

the Spanish Aeronautical Society’s 
Juan de la Cierva Memorial Lecture, 
given by Pedro Blanco, Head, Heli- 
copter Division, Instituto Nacional de 
Técnica Aerondutica (INTA). 

The program and arrangements 

have been handled by committees 
chairmanned by Maurice Roy, Direc- 
tor, l’Office National d’Etudes et de 

Recherches Aéronautiques (ONERA), 

and Col. Antonio Pérez- Marin, Secre- 

tario General y Técnico, INTA. 

IAS members who wish to attend 

may apply directly to IAS Secretary 

Robert R. Dexter, in New York. 

All general sessions and some of the 
special sessions will be held at the 
Instituto Nacional de Prevision, Al- 

fonso XI, #1, and the Conference 

Room, Palacio de Comunicaciones, 

Alcala 50. The Instituto Prevision 
will be meeting headquarters. 

A banquet has been scheduled on 
the evening of Friday, September 12, 
at the Parque Florida. 

Proceedings of the Congress will be 
published in English, and preprints of 
papers will be made available at the 

meeting for a nominal cost. 

Nations Participating 

The following countries are partici- 

pating: Australia, Belgium, Canada, 

Denmark, France, Germany, Hun- 

gary, Israel, Italy, Japan, and The 
Netherlands. 

Additional participants include New 
Zealand, Poland, Rumania, South 
Africa, Spain, Sweden, Switzerland, 

Turkey, United Kingdom, United 

States, and Yugoslavia. 

Program Outline 

A complete program, listing all 

technical sessions and papers, was 

mailed last month.. The program in 

general outline follows: 

Tuesday, September 9—General 
Sessions. ‘‘Aerodynamic Design for 
Supersonic Speeds,’ Robert T. Jones, 

NACA (Ames Lab.), U.S.; ‘‘Telecom- 

mand and Navigation,’ William H. 

Stephens, Royal Aircraft Establish- 
ment, U.K.; and ‘Propulsion Super- 

sonique,’ Maurice Roy, ONERA, 

France. Special sessions on Hyper- 
sonic Flow, and Structures and Aero- 

elasticity also will be held on Septem- 
ber 9. 

Wednesday, September 10—Four 
special sessions on Heat Transfer and 
the Heat Barrier, Jet Engines and 
Noise, Navigation and Guidance, and 
Boundary-Layer Control. 

Thursday, September 11—General 
Session. ‘‘Aeroelastic Problems on 
Aircraft Construction,’ G. H. Kiiss- 

ner, University of Géttingen, Ger- 
many; ‘‘A Review of Some Recent 

Developments in Supersonic Flow,” 

Antonio Ferri, Polytechnic Institute 
of Brooklyn, U.S.; and ‘‘Problémes de 

l’Aile Annulaire Résolus par Analogie 

Rhéoélectrique,’’ L. C. Malavard and 

G. Hacques, France. 
Friday, September 12—Four spe- 

cial sessions on VTOL/STOL, Heat- 

Resistant Materials, Human Engi- 

neering, and Telecommand and Tele- 
metering. 

Saturday, September 13—General 
Session. ‘‘Propulsion Methods in 
Astronautics,’ Wolfgang E. Moeckel, 

NACA (Lewis Lab.), U.S.; ‘‘Physical 

Basis of Magneto-Hydrodynamics,” 
W. B. Thompson, Harwell Atomic 
Energy Research Establishment, 
U.K.; and ‘‘A Comparison of Various 

Approaches to an Electric Propulsion 
System,” V. H. Blackman, Giannini 

Research Laboratory, U.S. 

July 1958 

Col. Antonio Pérez-Marin 
ICAS host and Secretario General 

y Técnico, INTA 

Heat Session 

Five papers have been scheduled 

for the session on Heat Transfer and 

Heat Barrier: ‘‘Mass Transfer Cool- 

ing, A Means to Protect High-Speed 
Aircraft,’’ Ernst R. G. Eckert, Uni- 

versity of Minnesota, U.S.; ‘‘The 

Heat Barrier and Its Influence on 

Hypersonic Aerodynamics,” R. J. 
Monaghan, Royal Aircraft Establish- 
ment, U.K.; ‘‘Echanges de Chaleur 

dans les Ecoulements Presentant des 

Decollements,” R. Siestrunck and 

Jean-Joseph Bernard, ONERA, 

France; a paper by E. Schmidt, 

Technische Hochschule (Munich), ° 

Germany; and ‘‘Nonadiabatic Flow in 

a Rotating Duct,” J. M. de Senda- 
gorta, INTA, Spain. 

Jet-Engine Noise 

Four papers scheduled for the ses- 
sion on Jet Engines and Noise in- 
clude ‘‘Progress in Jet-Engine Noise 
Reduction,’’ F. B. Greatrex and D. M. 

Brown, Rolls-Royce, Ltd., U.K.; 

“Noise Research in Canada: Physi- 
cal and Bioacoustic,”’ H. S. Ribner 

and B. Etkin, University of Toronto, 

and K. K. Neely, Defense Research 

Board, Canada; ‘‘Noise in Air Trans- 

port,” William Littlewood, American 
Airlines, Inc., U.S.; and ‘‘Quelques 

Etudes sur l’Action Produite par les 
Jets de Réacteur, sur les Structures,”’ 

H. J. L. Le Boiteux, ONERA, France. 
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Second ANNUAL ASTRONAUTICS SYMPOSIUM 
Ihe Second Annual Astronautics Symposium drew 861 aero-space scientists and 
engineers to Denver, Colo., on April 28-30. The meeting was sponsored by the 

Air Force Office of Scientific Research, ARDC, and the IAS. 
The large turnout reflected increased 

interest in the spatial area of the aero- 

space industry. Much credit for the 
success of the meeting goes to Dr. 
Morton Alperin, AFOSR Director of 

Advanced Studies, and Col. Paul H. 

Dane, IAS Rocky Mountain Section 

Chairman, who were Cochairmen of the 

symposium. 
Credit also is due Brig. Gen. H. F. 

Gregory, AFOSR Commander, who 

Morton Alperin, AFOSR Director of Advanced 

Studies, who spoke on “The Far Side Research 

Concept,” also was Cochairman of the sym- 

posium. 

July 1958 

was host for the Air Force, and the 

members of the Rocky Mountain Sec- 
tion. 

In his opening remarks General 

Gregory outlined the AFOSR research 
program and its objectives in the field 
of astronautics. (A condensed version 

of these remarks appeared as the Guest 

Editorial in the June issue of AERO 

SPACE ENGINEERING.) 

Technical Papers 

The technical papers presented at the 
various sessions were the backbone of 

the meeting and stirred up considerable 

interest. Some of the highlights of these 

technical sessions are outlined by Dr. 
Morton Alperin on page 13. 

The full discussion plus all of the 

papers are being published in one volume 
of proceedings by the Pergamon Press, 

122 East 55th Street, New York. 

(Availability will be announced in this 

magazine in a few months, at which time 

the proceedings may be ordered directly 
from Pergamon.) 

Principal speaker at the symposium 

banquet was Dr. Clifford C. Furnas, 
Chancellor, University of Buffalo. 

Furnas’ Query 

Dr. Furnas said the U.S. space 

program will not only be complicated, 

but expensive. ‘‘Now that we are faced 

with it, several questions come to mind. 
Will the public support the program? 

Is there real justification for that 

support? How should it be organized? 

What will be the long-time results?” 

To the first question he said the 

answer today is ‘perhaps.’ ‘‘The 

prime impulse back of present public 

support is fear.”’ 

Dr. Furnas advocated establishment 

of the preposed National Aeronautic 

and Space Agency as an appropriate 

way to organize a space program. He 

Cochairman of the symposium was Col. Paul H. 

Dane, Thermodynamics Professor, USAF Acad- 

emy, and Chairman, IAS Rocky Mountain 

Section. 
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IAS President Edward C. Wells 

said it should have expanded authority 
for the support of research by out- 

side agencies to strengthen the program. 
“Even though the space program has 

a very strong military impetus, the 

greatest yield in the long run may very 
well be from the indirect results. It will 

be difficult to predict what the applica- 

tions may be; whether their greatest 

impact will be military or civilian.” 

Far Side Project 

At the first day’s luncheon Dr. 
Alperin and Major E. J. Davis, Jr., 

discussed the “Far Side Research 
Concept.” 

Dr. Alperin explained AFOSR think- 

ing that led to the project and Major 

Davis stated its objectives. 

“About March, 1956, AFOSR 

adopted the opinion that the Air Force 

would, in the near future, be required 

to have operational capability at alti- 

tudes considerably above the atmos- 
phere,”’ Dr. Alperin said. 

The development of ballistic missiles 

and other related facts indicated the 
urgent need for more data concerning 

environmental conditions and _ their 
effects in regions remote from the earth. 

Such a program had’ to begin soon, 

without the use of super rockets not yet 

developed, at a minimum cost, and with 
minimum interference with high priority 

defense programs, he said. 

“The conditions under which the 
Far Side project were undertaken made 
it possible to construct only six vehicles 

and to have virtually no component or 

system tests.”’ 
Major Davis, AFOSR Project Engi- 

neer, Project Far Side, said the program’s 

rocket test vehicle was evolved as the 

simplest and cheapest method of accom- 
plishing the research wanted. 

“Phase I of Project Far Side was 

aimed at the development of techniques 

and equipment to conduct experiments 
at altitudes up to one earth’s radius,” 

he said. 
The primary objective of the cosmic 

ray experiment was to measure the soft 

component of cosmic rays. A single 
geiger counter with a transistorized high 

voltage power supply and an integrating 

circuit was used. 
“In summary, Project Far Side was a 

program in which the objective was to 

develop techniques and equipment to 

conduct scientific investigations at un- 

precedented altitudes. The aim was to 
carry out such a program in a period of 

less than 9 months for less than 1 

million dollars. This objective was 

attained.” 

Space Environment 

Typical of many interesting sessions 

at the symposium was that on Space 

Brig. Gen. H. F. Gregory 

Environment and Vacuum Research, 

chaired by Lt. Col. Charles W. Craven, 
AFOSR. 

His opening remarks, here con- 
densed, set the tone: ‘In the session 

today some of the knowledge and re- 

search techniques concerning this en- 

vironment will be discussed. The dis- 

cussion will include research in the Air 

Force High Vacuum Laboratory, possi- 

ble experiments from a lunar vehicle, 

cosmic debris of interplanetary space, 

and design and development of high- 

altitude simulators for human and in- 

strument testing.” 

Colonel Craven’s remark that the 

solution of problems of space flight 
depends on knowledge and understand- 

ing of space environment was a clue to 
the underlying thought behind the 

symposium: This was the exchange of 

knowledge and understanding of space. 

The objective was accomplished. 

One of the symposium highlights was a panel discussion on manned space operations 

with the following speakers: Col. Paul Campbell, AFOSR, Chairman (not pictured); from 

left to right, George Gamow, W. H. Pickering, Paul Rosenberg, A. F. Spilhaus, H. J 

Stewart, and Fred L. Whipple. 
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primary and supplemental 

EVAPORATIVE 
COOLING SYSTEM 

NEW, exclusive features...3 to 30 times 

greater evaporating heat transfer coefficients! 

This new UAP cooling system for electronic equipment, fluid systems and struc- 

tural component seals includes UAP’s latest exclusive Hi-D developments in the 

heat exchanger arts, and associated UAP devices. Unique Hi-D configuration 

develops heat transfer coefficients 3 to 30 times greater than any previous 

development. 95% to 98% boil-off of evaporative fluid has been obtained. 

UAP heat transfer devices are tubular and plate types of stainless steel or 

aluminum and can be applied to various evaporative fluids including water, 

water-alcohol, water-glycol, and aqueous ammonia mixtures for pool boiling 
or forced circulation systems. 

Schematic: AQUEOUS AMMONIA-TO-OIL EVAPORATIVE COOLING SYSTEM 

ASSOCIATED DEVICES: 

PRESSURE AND TEMPERATURE CONTROL VALVES 

POSITIVE EXPULSION TANK 

SYSTEM CHARGING PROVISIONS 

HEAT EXCHANGER 
107%/,” LONG x 212” DIA. 

WT. 1.1 LBS. 

More specific information in Engineering Report form can be made available 
to qualified inquirers by contacting UAP Contractual Engineering Offices. 

CALIFORNIA ... . . Chestnut St., Burbank, Calif., Vi 9-4236 

NEW YORK ...... . . 50€E. 42nd St., New York 17, N.Y., MU 7-1283 

OHIO . .... « « « « 1116 Bolander Ave., Dayton, Ohio, BA 4-3841 

CANADA ...... + « « « « United Aircraft Products, ltd., 5257 Queen 
Mary Road, Montreal, Canada, Elwood 4131 

a family of, essentiile since 1929 
UNITED AIRCRAFT PRODUCTS, INC. 
1116 BOLANDER AVENUE, DAYTON, OHIO 
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Highlights of Technical Discussions at the 

Second Annual AFOSR-IAS Astronautics Symposium 

S: MONTHS after the launching of Sputnik I by the U.S.S.R., the U.S. Air Force’s Office 

of Scientific Research and the Institute of the Aeronautical Sciences jointly sponsored 

the Second Annual AFOSR Astronautics Symposium in Denver, Colo. 

In contrast to the first symposium of this 

series held in February, 1957 (before Sput- 

nik), the second symposium openly and 

freely discussed the subject of space flight 

as a distinct possibility for the near future. 

Problems of a technical nature requiring 

solution before safe, useful, manned space 

flight could be achieved were discussed. 

It was intended to include a very broad 

coverage of the field of Astronautics and to 

include sessions on each of the major areas 

of scientific endeavor. However, to avoid 

the necessity of double sessions or an un- 

duly long symposium, it was decided to 

limit the subject matter of this second 

symposium by omitting from the agenda 

any papers on human factors and other 

major areas. Since these areas (human 

factors, etc.) had been the subject of 

separate symposiums during the past year, 

these omissions were considered justified. 

The technical sessions included were: 

(1) “Space Environment and Vacuum 

Research.” 

(2) “Control and Propulsion of Vehicles 
Outside the Atmosphere.” 

(3) Panel Discussion based upon the 

question: ‘“‘Assume a Capability for 

Manned Space Operations—For What 
Purposes Should This Capability Be Uti- 
lized?” 

(4) “Departure, Space Navigation, and 

Re-Entry Problems.” 

(5) Earth’s Moon.” 

In the first of these sessions, ‘‘Space 
Environment and Vacuum Research,” 

some extremely interesting concepts were 

discussed. Richard Roche of Litton In- 
dustries described the Air Force vacuum 

chamber developed at Litton Industries, 
as well as some of the interesting research 

started in this chamber. The large in- 

creases in friction coefficient as surfaces 

become degassed were dramatically shown 
ina movie. A sliding metallic puck on an 
inclined plane was shown to become cold- 

welded to the surface when subjected to 

high vacuum conditions. This is a very 

significant phenomenon and may seriously 

affect the design of space vehicle compo- 
nents. Other talks during this session 
were given on the subject of experiments to 

measure the various environmental con- 

ditions in space such as cosmic debris, 

radiations of various wave lengths, and 
magnetic fields. Dr. Maurice Dubin of 
the Air Force Cambridge Research Center 

discussed some of the instrumentation 

techniques used on the Explorer satellites 
for measurements of meteoritic particle 

density outside the earth’s atmosphere. 
The session on ‘‘Control and Propulsion 

of Vehicles Outside the Atmosphere” con- 

* Dr. Alperin is Director of Advanced Studies, 

USAFOSR. 

tained several very interesting papers on 

high specific-impulse-type thrust devices. 

Extremely high specific impulses will be 
essential for both control and propulsion 

of vehicles in space since no other form of 
control is feasible outside of an atmosphere. 

Also, if controlled flight is to be achieved 

for long durations, a high specific impulse 

becomes essential if we are to avoid an 
excessive fuel or propellant load at launch. 

Papers discussed the use of ionized fluids 

accelerated by electric or magnetic fields 

to extremely high exit velocities. It ap- 

pears that this is theoretically a convenient 

way to achieve reasonably large forces 

with a minimum of utilization of mass. 

However, the power required to accelerate 

these fluids to sufficiently high velocities 
becomes large, and conventional equip- 

ment for handling this power is prohibi- 
tively heavy. Thus, a need for lightweight 

electrical machinery looms as one of the 

major problems to be solved before con- 

trolled space flight becomes a reality. 

The panel discussion on Tuesday morn- 

ing produced one of the most surprising 

and revealing results of the entire sym- 

posium. Although the question put to the 

panelists assumed a capability for manned 

space flight, it appeared as though the 

scientists on the panel were not generally 

convinced that a man was necessary or 

even desirable as a passenger aboard a 

space vehicle for the recovery of scientific 
information with the possible exception of 
space journeys near solid celestial bodies. 
It was generally agreed that man will even- 

tually journey into space; however, his 

presence in the initial stages of scientific 

investigation would be disadvantageous 

due to.his inability to observe accurately, 

if at all, some of the phenomena of space. 

The weight of the equipment to protect 

this human would also be prohibitively 

high, thus reducing the amount of other 

more useful equipment which could other- 

wise be carried. 

The conclusion of the panel was that 

man is relatively useless as a scientific 

observer and should not be used in space 

vehicles for that purpose unless the vehicle 
approaches close to a solid celestial body. 

The audience reaction to this conclusion 
made it apparent that they believe man 

will some day venture into space regardless 

of his utility as an observer of scientific 

phenomena. 

The sessions on ‘Departure, Space 

Navigation, and Re-Entry Problems’ 

included some interesting papers on each 

phase of a round-trip flight from earth toa 

given point in space. Dr. Ferri of Poly- 

technic Institute of Brooklyn presented a 
discussion of an air breathing first stage. 
This is a very practical consideration since 
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by Morton Alperin* 

by its nature the first stage is the largest 

and most expensive part of the vehicle. 

Using an air breathing propulsive device 

considerably reduces the fuel weight and 

makes possible the recovery of this part of 

the vehicle for reuse. 

Other discussions centered around low 

thrust trajectories recognizing that at 

least in the next 20 years, if we are to 

achieve long duration power plants for 

space flight, they will probably be capable 
of only small forces. 

The re-entry problem received some 

attention in a paper by Fred Riddell and 

J. D. Teare of AVCO Research Labora- 

tory. This discussion was restricted to the 

question of satellite vs. ballistic missile 

re-entry problems and did not include con- 

trolled vehicle re-entry. 

“The Earth’s Moon” session Tuesday 

evening was one of the most interesting 

sessions of the symposium. Hundreds of 
scientists interested in Astronautics sat 
until almost midnight to hear the country’s 

most noted astronomers discuss their 

views regarding the geological structure 

of the moon’s surface. 
The session was opened by Dr. John 

Barnes of Systems Corporation of America 
who is not an astronomer but who gave an 

interesting discussion of the engineering 

problems associated with a lunar explora- 

tion. 

The session then was continued by 

three astronomers. Dr. G. P. Kuiper 

of Yerkes Observatory showed many ex- 

tremely interesting slides of the lunar 

surface, and his analysis indicated there 
were large areas of this surface composed 
of voleanic material deposited during the 
time when the lunar volcanoes were active. 

This conclusion was refuted by Dr. 

Thomas Gold, Harvard College Observa- 

tory, who showed that analyses of radar 

reflections from portions of the lunar sur- 
face indicated that the surface must be 
composed of very fine sand many meters 

thick. 

Concluding the session, Dr. Fred 

Whipple, Director of Smithsonian Astro- 

physical Observatory, showed that his 
analysis of the evidence led him to the 

conclusion that the lunar surface was 
largely volcanic material covered by a very 
thin layer of fine dust. 

Thus, it appears as though consider- 
ably more effort should be expended in 
learning more about the lunar surface. 

If landings of either instrumental or 

manned vehicles are to be attempted, it 
appears necessary to increase emphasis on 

this area of investigation. 

The symposium was concluded by a 

third day during which no technical papers 
were presented but a considerable number 

of attendees visited the new site of the 
USAF Academy near Colorado Springs 

and the new Martin ICBM facility at 

Littleton. 
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TEXAS REGIONAL STUDENT CONFERENCE 

Draws 13 Colleges, 22 Competitors 

I he Texas Regional Student Con- 

ference took place in Dallas, April 24-26, 

with 13 colleges and universities through- 

out the south, southwest, and midwest 

participating. 

The conference was sponsored by the 

Texas Section with help from four air- 

craft firms: Bell Helicopter Corp.; 

Chance Vought Aircraft, Inc.; Convair 

Division, General Dynamics Corp.; and 

Temco Aircraft Corp. 
Luncheon speakers on both days were 

Bartram Kelley, Vice-President, Engi- 

neering, Bell; J. R. Clark, Chief Engi- 
neer, Aircraft, Chance Vought; F. W. 

Davis, Chief Engineer, Convair; and R. 

E. Galer, Programs Control Manager, 

Temco. Each speaker centered his talk 

on company activities. 

Featured speaker at the awards dinner 

was J. B. Montgomery, General Manager, 

Aircraft Gas Turbine Division, General 

Electric Co. His topic was ‘‘The Jet 
Age, Its Present and Future Outlook.” 

Undergraduate first prize went to 

Robert M. Nerem, University of Okla- 

homa, for his paper ‘An Investigation 

of Barium as an Ionic Fuel.” : 

Second prize was a tie between K. 

Lawrence De Vries, University of Utah, 

and Peter A. Sells, University of Wich- 

ita. Mr. De Vries’ paper: was ‘Possible 

Applications of High Pressure Research 

to the Aircraft Industries.”” Mr. Sells 
read a paper on “Helicopter Circulation 

Control.” 

Graduate division first prize was 

awarded to Joseph Tsu Chieh Liu, Uni- 

versity of Michigan, for his paper ‘‘The 

Laminar Boundary Layer Flow on an 

Axi-Symmetric Body with Transverse 

Curvature Effect.” 
Second prize was won by David L. 

Clingman, Purdue University, for ‘‘An 

Electric Analog to Determine the Temper- 

ature Gradient Across a Gas Turbine 

Wheel.”” (Mr. Clingman won an under- 

graduate first prize during last year’s 

Minta Martin conferences.) 
Third prize winner was I. Man Moon, 

Mississippi State College, for a paper on 

“Investigation of the Effect of Suction 

Variation on the Efficiency of a Conical 

Diffuser Having Distributed Suction 

Boundary Layer Control.” 

Undergraduate winners at the Texas Regional Student Conference are (standing, left to 

right): 

are (seated, left to right): 

Peter A. Sells, University of Wichita, second prize; K. Lawrence De Vries, Uni- 

versity of Utah, second prize (tie); and Robert M. Nerem, first prize. Graduate winners 

David L. Clingman, Purdue University, second prize; |. Man 

Moon, Mississippi State College, third prize; and Joseph T. C. Liu, University of Michigan, 

first prize. 

NORTHEASTERN REGIONAL STUDENT CONFERENCE 

Held at Stevens Institute of Technology 

I he Northeastern Regional Student 

Conference, postponed because of a severe 

snowstorm on March 22, was held at 

Stevens Institute of Technology on 
April 26. 

The Institute’s New York Section and 
Stevens Student Branch sponsored the 

1-day affair. 
After the first session of technical papers 

was presented, the group visited the 

Tomorrow's scientists and engineers are pictured in this group of students who at- 

tended the Institute's Northeastern Regional Student Conference on April 26 at Stevens 

Institute of Technology. 
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The conference took place in Dallas, April 24-26. 

Experimental Towing Tank Laboratory. 

Static and dynamic displays were shown 

including ‘‘free flight” landings and take- 
offs of a model in a mock sea with con- 

trolled wave dimensions. 

The awards banquet was opened by a 

welcome from Frederick T. Helmer, III, 

Branch Chairman, after a social hour at 
the Myers Hotel, Hoboken, N.J. 

R. L. Gustafson, Vice-Chairman of 

the New York Section, presented the 

awards. 

First prize was won by A. Richard 
Seebass, Princeton University, for his 

paper on “‘A Potential Flow Study of the 
Lift on Slender Bodies of Revolution.” 

Second prize went to Claiborne R. 
Hicks, Jr., Virginia Polytechnic Insti- 

tute, for a paper on “‘Hypersonic Drag 
Reduction by Blunting.”’ 

C. Howard Robins, Jr., Virginia Poly- 
technic Institute, won third prize for his 

paper ‘‘Minimum-Drag Bodies in the 

Superaerodynamic Region.” 

Conference judges were: G. V. Amico, 

U.S. Naval Training Device Center; 

Y. Arkus-Duntov, Curtiss-Wright Corp.; 

R. L. Gustafson, Grumman Aircraft; 

E. P. Pillsbury, Fairchild Guided Missiles 
Division; and N. Shapter, Civil Aero- 

nautics Administration. Chairman of the 
judging committee was T. F. Hammen, 

Jr., Fairchild Engine Division. 
A. T. Gregory, Chief Engineer, Fair- 
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Every advance in aircraft engineering is 

exemplified in the Avro Arrow, capable 
of traveling at well over twice the speed of 

sound to intercept and destroy enemy air- 

craft at extremely high altitudes. RCA has 

been assigned full responsibility for the de- 

velopment of a complete electronic system 

for fire control, navigation and communi- 

cation, and an integrated automatic flight 

Tmk(s) ® , 

CANADA’S SWIFT, FAR-RANGING ANSWER TO ANY SECURITY THREAT 

control system. While an enemy plane is still 

beyond the range of human eye, this radar 

system will detect it, and provide the in- 

tercepting pilot with a continuous flow 

of information, electronically computed in 

terms of position, range and rate of closing. 

Associated with RCA in the project are 

the Minneapolis-Honeywell Regulator Com- 

pany and several Canadian firms. 

RADIO CORPORATION of AMERICA 
DEFENSE ELECTRONIC PRODUCTS 

CAMDEN, N. J. 
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child Engine Division, was the principal 
speaker at the banquet. His topic was 

“Aviation and Your Future.” 
Professor Donald Ordway, Branch 

Faculty Adviser, nominated Cornell Uni- 

versity as the site for next year’s regional 

conference. His suggestion was adopted 

during a short business meeting while 
the judges were convening. 

Two Missile Product Firms 

Join IAS Corporate Members 

The Amoco Chemicals Corporation and 
Janitro] Aircraft Division, Surface Com- 

bustion Corporation, have joined the Insti- 

tute as Corporate Members. 

Amoco manufactures and markets 
petrochemical and chemical products for 
military, private, and commercial air- 
craft. Newest product of the firm is a 
solid propellant jet-engine starter car- 

tridge for the Air Force. The firm’s new 

plant at Seymour, Ind., also is capable of 

producing high-grade propellant for solid 
fuel power units in missile systems. 

Janitrol dates back to 1942 when it was 

known as the Aircraft-Automotive Divi- 
sion of Surface Combustion. Its first 
products were combustion-type aircraft 

heaters that would ignite and function at 

all operational altitudes. 

Today, nearly every major airline 

transport and thousands of military and 

utility planes use Janitrol aircraft heaters. 

The division’s specialized experience with 
metals, combustion, and controls is being 

focused on precision engineered and 

manufactured products for rockets, mis- 
siles, ground support equipment, and 
spacecraft. 

Janitrol products include aircraft 
heaters, portable ground heaters, liquid 

heaters, heat exchangers, pneumatic con- 

trols, high-pressure couplings and duct 
supports, aircraft combustion systems, hot 

fuel priming units, and inert gas genera- 
tors. 

Aero/Space Author 
Honored by Air Force 

Arnold I. Beck, author of ‘Survival at 

High Altitudes’’ which appeared in the 
April issue, has been honored by the Air 
Force. . 

The Republic Aviation Design Safety 
Specialist and USAFR Major was awarded 
a commendation medal and cited for his 
1956 altitude chamber ascent to 198,770 

ft. This is the highest altitude achieved 
by man, according to the citation. 

The ascent was made at Wright-Pat- 

terson AFB, WADC, and was “far in 

excess of the normal requirements of his 
duty assignment... .”’ 

In his article, Mr. Beck discussed the 

problem areas of pressure change, tem- 

perature variations, and high speeds and 
their interrelationships existing in high 
altitudes. 

Institute Member Founds 

Missile Product Company 

J. H. Overholser, an IAS Member who 

cofounded Hydro-Aire, Inc., in 1943, has 

established a new firm, The Hydrodyne 

National Meeting Scheduled 

on Dynamics, Aeroelasticity 

A National Specialist Meeting 
on Dynamics and Aeroelasticity 

will be held at the Texas Hotel, 

Ft. Worth, Tex., November 6 

and 7. 

The IAS-sponsored meeting 
will present papers on the follow- 

ing topics: theoretical and ex- 

perimental flutter analysis, aero- 

elastic effects in dynamic stabil- 

ity and control, servomechanism 

design, and dynamic response. 

Further information may be 

obtained by writing to C. L. 
Turner, Chairman, IAS Texas 

Section, at 2639 Woodmere 

Drive, Dallas 33, Tex. 

Corporation. Mr. Overholser, President, 

and Robert T. Skinner, Executive Vice- 

President, the founders, said their com- 
pany will manufacture fluid control prod- 
ucts for aircraft and missiles. 

Mr. Overholser formerly was Assistant 

General Manager, Bendix Pacific Division. 

Mr. Skinner owns the Skinner Seal Com- 
pany. 

The firm has a new 18,000-sq.ft. plant 
at 5730 Coldwater Canyon, North Holly- 
wood, Calif. 

‘“‘We are particularly interested in high 
and low temperature and also high-pres- 

sure problems and products involving 

exotic fuels including cryogenics, atomic 

energy, and other difficult to control fluids 

and gases,’’ according to Mr. Overholser. 

Central Florida Section 

Organized by Members 

The first meeting of the Institute’s 
newest Section, the Central Florida Sec- 

tion, was held at Patrick AFB Officers 

Club on April 24. 

Raymond C. Woodard, Chairman of the 

Steering Committee, announced plans for 

the adoption of by-laws and a constitu- 
tion, and plans were made for the election 

of Section officers. 
T. C. Helvey spoke on ‘‘Man in Outer 

Space,” covering various aspects of the 
problem and possible solutions Dr. 
Helvey is on the staff of The Martin 
Company’s Orlando facility. 

The Section’s Advisory Board includes 

Major Gen. Donald N. Yates, USAF, 

Commander, Air Force Missile Test 

Center; Edward G. Uhl, Vice-President 

and General Manager, Martin-Orlando; 

B. G. McNabb, Convair Operations 
Manager; K. K. McDaniel, Boeing Field 
Test Director; W. S. Roden, Avco RAD 

Representative, Field Test Facility; and 
Lt. Col. E. G. Wodrich, USAF, Chief, 

Range Control Division. 

The IAS now has 29 Sections through- 

out the nation. 

Three IAS Members Serve 

on CAA Birthday Committee 

Three IAS members served on a na- 

tional committee for the observance of 

the Twentieth Anniversary of the Civil 

Aeronautics Act which was celebrated last 

month. 

On the committee were Leslie A. Bryan 

(M), Chairman, General Aviation Facili- 

ties Group; James R. Durfee (HM), 
Chairman, CAB; and James T. Pyle 
(HM), Administrator, CAA.: 

Other committee members included 

Gen. Orval R. Cook, President, AIA; 

Representative Oren Harris, Chairman, 

House Committee on Interstate and 

Foreign Commerce; Senator Warren G. 
Magnuson, Chairman, Senate Committee 

on Interstate and Foreign Commerce; 
Postmaster General Arthur E. Summer- 
field; and Stuart G. Tipton, President, 

ATA. 

Necrology 

James H. Doolittle, Jr. 

The Institute has received word of the 
death of Major James H. Doolittle, Jr., 

USAF (A), on April 9. He was 38. 

Major Doolittle, the son of NACA 
Chairman and famed aviator James H. 
Doolittle, was an Air Force veteran of 17 

years and a command pilot. He served 
overseas during World War II for 39 
months and completed 50 combat mis- 
sions. He held the Distinguished Flying 
Cross and Air Medal with five oak leaf 
clusters. 

He was an engineering graduate of Pur- 

due University and also attended Massa- 

chusetts Institute of Technology while in 

the Air Force. From 1945 to 1949 he was 

a Test Pilot, Flight-Test Division, Cargo 

Section, Wright-Patterson AFB. Major 

Doolittle also held a commercial pilot’s 

license. 

Harland A. Gray, Jr. 

The IAS has received news of the death 
of Lt. Harland A. Gray, Jr., USN (A), on 
December 30, 1957. The 32-year-old 

naval officer was killed in an aircraft 

accident. 

Lieutenant Gray received a Bachelor’s 

degree in aeronautical engineering from 

Massachusetts Institute of Technology in 
1946. He was a Project Engineer at the 

NAMC Aeronautical Engines Laboratory, 

Philadelphia, Pa., for 1 year and later 

became a Naval Aviator. He flew in 
Photographic Squadron 61, Miramar 
NAS, San Diego, Calif. 

Robert K. Hughson 

The Institute has learned of the death 

of Lt. Robert K. Hughson, USAF (A), 
killed in a T-33 jet crash at Laredo AFB 

on February 24. He was 22. 
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Lieutenant Hughson was a 1956 gradu- 
ate of the University of Kansas and an 

aeronautical engineer. Prior to service in 

the Air Force, he was a Data Analyst for 

the Cessna Aircraft Company. 
A resident of Belle Plaine, Kan., he also 

held a private pilot’s license. 

Raymond T. Lewis 

Word has been received of the death of 

Raymond T. Lewis (M), 49, Manager of 

Commercial Engine Sales, General Electric 

Company’s Aircraft Gas Turbine Division. 
He died on March 31. 

Born in Lima, Peru, Mr. Lewis was 

educated in England, where he received a 

degree in mechanical engineering from the 

Manchester Institute of Technology ia 

1930. He came to the United States in 
1936 to study the oil business and in 1937 

joined the Hercules Motors Corporation 

as a sales engineer. 

He was an engineering officer in the 

Naval Air Transport Service during World 
War II and later was Manager of Service 
Engineering for American Airlines, Inc. 

Mr. Lewis joined G-E in 1951, working 

on aircraft generator marketing at Lynn, 

Mass. He ttransferred to the firm’s 
Aviation Division as a commercial appli- 
cations engineer and in 1955 was named 

Manager—Systems Engineering. 

Bernhard A. Rose 

The Institute has received word of the 

death of Bernhard A. Rose (M) on 

November 4, 1957. He was 50. 

Dr. Rose had been Manager, Physics 

Research Department, Lockheed Aircraft 
Corporation. He was a specialist in 
physics, mathematics, and chemistry. 

A 1929 graduate of Ripon College 
(Wis.), he completed his graduate studies 

on a fellowship at Brown University. 
Dr. Rose was an automotive engineer for 
the Chrysler Corporation from 1934 to 
1939 and taught physics, mathematics, 

and mechanical engineering at the Chrys- 

ler Institute of Engineering at night dur- 

ing this same period. 

He joined Lockheed in 1939 as a 

Mechanical Research Group Engineer. 

From 1946 to 1948 he was an instructor in 

mathematics at the University of Cali- 
fornia, University Extension. Dr. Rose 

was named Department Engineer, Me- 

chanical Research, at Lockheed in 1949. 

In this position he was in charge of all 

mechanical research activity, functional 

development, and mock-ups, including 

landing gear, controls, heating and venti- 

lation, pressurization, and extreme tem- 

peratures, 
Besides the IAS, he was a member of 

the American Ordnance Association. 

Floyd A. Shannon 

The Institute has received news of the 

death of Floyd A. Shannon (A) on April 
3, after an extended illness. He was 52. 

Mr. Shannon had been Assistant to the 

President and Secretary of Rotor-Craft 
Corporation, Glendale, Calif., since 1952. 

He played an important part in the de- 
velopment of the Pinwheel rocket-powered 

one-man helicopter developed to fly in- 
fantrymen about battle areas. 

Formerly an inspector with the USAF, 
he also was Industrial Relations Director, 

Kinney Aluminum Company, and a fore- 

man for the U.S. Government, Depart- 

ment of Engineers, in the West Indies and 

South America. 
Mr. Shannon was educated at U.C.L.A. 

and Bradley College, Peoria, IIl., his 
home town. 

Besides the IAS, he was a member of 

the American Helicopter Society, the 
American Rocket Society, and the Society 

of American Military Engineers. 

E. Clinton Wilcox 

The Institute has learned of the death 

on April 9 of E. Clinton Wilcox, 38, an 
IAS Associate Fellow and Powerplant 

tas News 

Research Engineer at the NACA Lewis. 
Flight Propulsion Laboratory. 

Mr. Wilcox joined the NACA in Jan- 

uary, 1943, 1 month after receiving a 

Bachelor’s degree in metallurgical en- 

gineering at Case Institute of Tech- 

nology. 

From 1943-1946, he was engaged in the 

acceptance tests for the Air Force and 

Navy of the earliest turbojet engines. 

He also ran tests on various methods of 

thrust augmentation on these engines. 

From 1946 to the time of Mr. Wiicox’s 
demise, he was responsible for conducting 

theoretical analyses of the performance of 
various propulsion systems and _ their 

evaluation in terms of aircraft perform- 
ance. 

He also was a Professional Member of 
the Cleveland Engineering Society. 

News of Members 

Milton U. Clauser (F) has been elected 
Vice-President and Director, Physical Re- 

search Laboratory, The Ramo-Wooldrige 

Corporation. He formerly was Director 

of the firm’s Aero Research Laboratory. 

Dr. Clauser also is a member of this mag- 

azine’s Space Technology Editorial Ad- 

visory Committee. 

Don K. Covington, Jr. (M), General 
Sales Manager, The Harbor Sales Com- 

pany, Inc., has been elected President of 

the Sales Executives Council of the Balti- 

more Association of Commerce. 

Lt. Gen. Laurence C. Craigie, USAF 
(Ret.), a Fellow of the Institute, has been 

named Deputy of Defense Products, 

American Machine & Foundry Company. 

Also an AMF Vice-President, he will super- 
vise the firm’s Ballistics Missiles Program. 
General Craigie also is a Director of Asso- 

ciated Missile Products Company (an 

AMF division), the Giannini Research 

Edward C. Wells (F), 1958 President of the 

Institute, has been Vice-President 

General Manager, Systems Management Office, 

Boeing Airplane Company. His former title was ; 

Vice-President—Engi ing. 

Corporation, Hydro-Aire, Inc., and G. M. 

Giannini & Co., Inc. 

Allen F. Donovan (AF) has been elected 
Vice-President and Director, Aeronautics 

Laboratory, The Ramo-Wooldridge Cor- 

poration. He formerly was Director of the 
firm’s Aero Research and Development 

Staff, Guided Missile Research Division. 

Hugh L. Dryden (HF), NACA Director 
and a member of the Editorial Committee, 
JOURNAL OF THE AERO/SPACE SCIENCES, 

has been chosen by the National Civil Serv- 

ice League as one of the ten outstanding 

career men in Government work. He was 

elected from nearly 100 nominees from 31 

federal agencies for ‘‘competence, effi- 
ciency, character, and continuity of serv- 

ice.” 

William M. Duke (AF) has been elected 

Vice-President and Associate Director, 

Systems Engineering Division, The Ramo- 

Wooldridge Corporation. He formerly 

was a Program Director for his company. 

Krafft A. Ehricke (M), Assistant to the 
Technical Director, Convair-Astronautics, 

has been presented the Arnold Air Society’s 

Air Power Award for 1957. The award is 
given annually to outstanding civilian 

contributors to air power. He also is a 
member of this magazine’s Space Tech- 
nology Editorial Advisory Committee. 

Donald P. Frankel (M) has joined Chi- 
cago Aerial Industries, Inc., as Director of 

Customer Relations. Mr. Frankel had 
been Assistant Director, Customer Rela- 

tions, Marquardt Aircraft Company. 

J. E. Froehlich (M), head of the Design 

and Power Plant Department and Satellite 

Project Director, California Institute of 

Technology Jet Propulsion Laboratory, is 

an official observer at an AGARD meeting 

at the University of Freiburg, Germany. 
Dr. Froehlich also presented a technical 

paper before AGARD’s Wind Tunnel and 
Model Testing Panel. 

Frank E. Goddard, Jr. (AF), head of the 
Aerodynamics and Propellants Depart- 

ment, California Institute of Technology 

(Continued on page 102) 
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B.F. Goodrich Mine Door Seal 

helps Martin SeaMaster 

keep its powder dry le 
Every time the Martin P6M SeaMaster takes off or lands, almost the entire 

bottom is submerged. And since a large portion of the bottom is formed by a 
radically new rotating mine door, some way had to be found to keep water 
out of the mine bay. 

To close the gap of several inches between the door and the hull, B.F.Goodrich 
helped develop, and is now building, a special pneumatic sealing system. The 
drawing shows how the rubber seal fastens to the hull and to the bottom of 

a series of metal fingers. When the lower actuating tube is inflated as illustrated, 

. it levers the fingers to press the seal against the door. When the upper tube STRUCTURE 
is inflated, it levers the fingers again to retract the seal. 

This unique device always provides positive closure because it compensates 
for deflections of either the hull or the door. And the special B. F. Goodrich 

rubber compound used for the seal withstands damage from ozone, jet fuel, -————-- 
hydraulic oil, salt water, extreme temperatures and high water pressure. 

This development is typical of the way B. F.Goodrich engineers work with 

manufacturers to come up with the right answers for their specific problems. 
Why don’t you outline your engineering problem in a letter to B. F. Goodrich 

Aviation Products, a division of The B.F.Goodrich Company, Akron, Ohio. 

B.EGoodrich aviation products 
20 Aero/Space Engineering + July 1958 
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; PROFESSIONAL NOTES AND REPORTS 

| = Engineering and Scientific Briefs from Correspondents Around the Globe 

“Thermonuclear Reaction: 

Basis of the Future Power” 

From Pravda, Feb. 28, 1958 

@ Academician I. V. Kurchatov pre- 
dicts that the second half of the twen- 

tieth century will be the era of thermo- 
nuclear energy. Thermonuclear reac- 

tors will use heavy hydrogen. In the 

next 50 years, the yearly consumption of 
coal and petroleum will be about a bil- 

lion tons or 400 tons of deuterium. 
Before the war, workers at Lenin- 

grad cyclotron found it extremely dif- 
ficult to obtain even a gram of deute- 

rium from the Institute of Physical 

Chemistry of the Academy of Sciences of 
the Ukrainian S.S.R. in Dneprope- 
trovsk. Now deuterium is being pro- 

duced industrially by several methods. 

One method, conducted at tempera- 

tures as low as —250°C., was developed 

in the Institute of Physical Problems, 

the Academy of Sciences, U.S.S.R. 

Building controllable thermonuclear 
reactors began at about the same time in 

the U.S.S.R., England, and the United 
States. It is possible to obtain elec- 

trical energy directly from the thermo- 

nuclear reactor, as was demonstrated 

in 1954 by G. I. Budker in the Institute 
of Atomic Energy, the Academy of Sci- 
ences, U.S.S.R. In 1950 Academicians 

I. Ye. Tamm and A. D. Sakharov built 

the first model of a magnetic thermonu- 

clear reactor which opened the door 

to investigations in that field in the 

U.S.S.R. In 1956 papers were published 

describing experiments conducted at the 

Institute of Atomic Energy under the 
direction of Academicians L. A. Art- 

simovich, M. A. Leontovich, A. M. An- 

drianov, O. I. Bazilevskaya, S. I. Brag- 
inskiy, I. M. Golovin, S. Yu. Luk’yanov, 

S. M. Osovets, I. N. Podgornyy, V. I. 
Sinitsyn, N. V. Filippov, N. A. Yav- 

linskiy, and others. In these experi- 
ments rarefied deuterium was heated by 

electric current up to temperatures over 
a tvillion degrees, and the emission of 

neutrons was observed. 

Physicists and engineers of all coun- 

tries have many problems to solve be- 

fore they conquer the industrial use of 
thermonuclear reaction. The principle 
of the ZETA reactor, built to study the 

conditions for slowing down ionized 

hydrogen by magnetic field, was de- 
veloped in England. Its theory was 

developed in 1953 by the young Soviet 

scientist V. D. Shafranov. Investiga- 
tion of the discharges from toroidal 

chambers is being done in the U.S.S.R., 

but somewhat differently than in Eng- 
land. The U.S.S.R. will present its 

works during the next Geneva confer- 
ence. 

American publications do not reflect 
the scope of work in the U.S., where in- 

vestigations on controlling thermonu- 

clear reactions are done in at least five 
important centers, in which more than 

500 persons participate—including E. 

Teller, creator of the American hydrogen 
bomb. 

Because thermonuclear reactors can 

be used for military purposes, it is diffi- 

cult to expect complete cooperation 

among scientists of different countries 

until atomic and hydrogen weapons are 
outlawed. 

U.S.S.R. Book on Cosmic Rays 

Is Lauded by U.S. Authority 

@ <A United States authority has 
called the attention of Western scien- 
tists to a book published in the U.S.S.R. 

in 1957 which, in his opinion, is a timely 
and unprecedented treatise on cosmic 

rays. Reviewing Cosmic Ray Varia- 
tions, by Soviet author L. I. Dorman, 

the U.S. cosmic-ray expert states that 

this is the first book written anywhere 
in the world giving complete coverage to 

the subject of cosmic-ray intensity 

variations. It convincingly shows, he 

adds, that the Soviets are aware of the 

many implications for fundamental’ 
research in this new field of physics, 

especially with respect to astrophysics, 

solar physics, plasma physics, and pos- 
sible future applications to the theory 
of thermonuclear reactions. 

The U.S. reviewer is able to give some 

indication of the reception accorded the 

book in the U.S.S.R. He relates a con- 

versation among U.S. and Soviet scien- 

tists in which the Soviets expressed con- 

fidence that the book would provide a 

basis for their young scientists to learn 
what has been done in the field, what 

the current problems are, and what im- 
portance this research has for funda- 

mental physics. 

The U.S. reviewer believes that L. I. 
Dorman has admirably fulfilled the re- 
quirements laid down for this book, 

shows excellent comprehension of world 
knowledge on the subject, and gives a 

surprising amount of credit to U.S. scien- 

tists for their early and current work. 

He believes the book represents the 

most comprehensive review of the field 
yet achieved, although it tends to be 

somewhat overbalanced in the discus- 
sion of meteorological effects and special 

theories, some of which have now been 

shown to be no longer acceptable. The 
reviewer finds that the book contains a 

remarkable collection of data already 
published in scattered journals through- 

out the world, as well as graphs useful 

for cosmic-ray research work. He feels 

that the volume is not only a survey of 

cosmic-ray research up to the present 

time, but also a basic compendium for 

current research. 

Further Refinement 

of Yak-12 Reduces Costs 

@ The new model of the Yak-12, 

Soviet single-engine propeller-driven 

transport, has reportedly passed its 

tests and been recommended for produc- 
tion. Its designation is Yak-12A, and, 

apparently, it is a refinement of the 

Yak-12M, the third of the Yak-12 
series. 

Characteristics and performance re- 

ported for the Yak-12A are given in 
Table 1. It is said that the operating 

cost of the Yak-12A is about 6 per cent 

less than that of the Yak-12M. 

TABLE 1 

Take-off weight 
Empty weight 
Useful load 

3,500 Ibs. 
2,330 Ibs. 

965 Ibs. 
(Crew plus 660 Ibs. cargo and 305 lbs. 
fuel, or 3 passengers and 90 lbs. of bag- 
gage plus unspecified fuel) 

Maximum speed 
Cruise speed 
Landing speed 

(With 40 deg. flap angle) 

115 knots 
80 knots 

50 knots 
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Here Is What YOU Should Know about the Benefits of 

Professional Membership in IAS . . . 

t= Recognition, Prestige, Fellowship. You share in the Institute's high professional standing with 
leaders of the aero/space industry—a frequent aid to personal advancement—and enjoy numerous opportunities 

to meet and talk informally with your professional associates. 

t= Section Activities. Every major aeronautical center in the U.S. is served by an active IAS Section. 

The Section in your area holds regular meetings, field trips, and other events of interest. 

ce Meetings. One meeting a day throughout the year is the national average, not including dozens of field 

trips to important aerospace installations. These activities, both at the National and Section levels, keep you 

in touch with the most recent and significant developments and trends. More than the presentation of technical 

papers, [AS meetings are an open forum for the testing and evaluation of new ideas, giving you the opportunity to 

stay professionally awake, take part in discussions, and explore new fields of interest to you. 

t= Publications. AERO /SPACE ENGINEERING presents up-to-the-minute engineering articles, reviews, 

abstracts, comments, and news of the industry and your fellow members. A monthly, AERO/SPACE ENGINEER- 

ING reports directly to you on all activities and advancements in your profession. 

The Journal of the Aeronautical Sciences appears each month, bringing you scientific papers on new 

theory, research, and developments in all areas of aero/space endeavor. Authors are the top technical specialists 

in their fields. 

The Roster is an annual directory of the members of your profession, arranged both alphabetically and 

by company affiliation, which enables you to identify and locate your professional associates. 

The Aeronautical Engineering Index is a year-end compilation of reviews printed in AERO/SPACE 

ENGINEERING, a comprehensive index to aerospace engineering literature which covers articles, reports, and 

books published in the U.S. and abroad. 

The Aeronautical Engineering Catalog annually gives you product information, specifications, sources 

of supply, and other essential data on aero/space craft, materials, components, and accessories. 

t= Special Publications. through the Sherman M. Fairchild Publication Fund, the IAS publishes special- 
ized technical reports and selected preprints of papers presented at regular Institute meetings. 

= Library Facilities. the \As Library, one of the most comprehensive collections of aerospace litera- 

ture in the world, gives you direct access to published reports, periodicals, and books, available to you through 

its lending, photocopy, and reference services. 

t= Personnel Opportunities. This free contact service publicizes members’ availability for employ- 

ment throughout the aero/space industry and also keeps you informed of professional openings. 

A Final Word. As you advance in your profession from students to junior engineers to senior 

engineers (and up), you may also advance in the professional grades of member- 

ship in |AS: from Student Members to Associates to MEMBERS to Associate Fellows. 

This advancement will continually increase the opportunities you will have to 

associate, contact, and collaborate with — and become — the most influential 

and respected leaders of your profession. 

The postage-paid Inquiry Cards at the back of this issue may be used for further 

information. 

INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 

2 East 64th Street - - New York 21, N.Y. 
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EDITORIAL 

Madrid in September 

A year and a half ago when an informal group representing 

the aeronautical sciences in ten countries sat around a dinner table in the 

Hotel Astor to discuss the possible formation of an international organization 

in the aeronautical and allied sciences, the outline of how to go about it and 

where and when the first meeting might be held was not entirely clear. The 

proposal to form a world-wide forum for the discussion of common problems 

in aeronautics and in space technology had come originally from Harry 

Guggenheim. To back up his suggestion, he wholeheartedly approved the 

use of the income from the Daniel and Florence Guggenheim Fund (which 

had come to the Institute from the sale of the family estate at Sands Point, 

L.I., to the U.S. Navy) to provide the necessary financial assistance. With 

such support we looked to Dr. Theodore von Karman, with his profound 

knowledge of the needs of the scientific community all over the world, to 

steer the thinking of the group in proper directions. He seized the idea with 

the well-known ‘“‘Karmanian”’ enthusiasm. 

In subsequent discussions in Paris, London, and Madrid, he played a lead- 

ing and decisive role. His participation has been far beyond the usual im- 

plications of an ‘‘Honorary”’ President. Backed up by the able and energetic 

Chairman of the Executive Committee, Maurice Roy, Director of L’Office 

National d'Etudes et de Recherches Aéronautiques of France, he has 

labored continuously to attract the interests of aeronautical and space sci- 

entists from all over the world to participate in the project. Between them 

they have put together a program of technical papers and discussions for the 

first meeting that sets a high standard for those that will follow. With the 

help of Col. Antonio Pérez-Marin—Secretario General y Técnico, Instituto 

Nacional de Técnica Aeronautica Esteban Terradas—as Arrangements 

Chairman, the business of providing suitable meeting places, translation 

services, and housing for delegates has been in good hands. , 

By now most IAS members are familiar with the basic facts. The First 

International Congress in the aeronautical and space sciences will be held in 

Madrid, Spain, during the week of September 8-13, this year. The pre- 

liminary program was published in “‘IAS News Notes” in the March, 1958, 

Review. A number of U.S. applications for appointment as a delegate have 

already been received and processed by the Secretariat. Many more have 

come in via the aeronautical secretaries from countries all over the world. 

An educated guess as to total number of attendees now stands at plus or 

minus 500. Interest everywhere appears to be high. The idea seems to have 

been a good one. 

We realize that it is difficult in these times to make definite plans too far 

ahead, but, as of the date of this publication, only 2 months stand between us 

and the Opening Session in Madrid. Travel and hotel accommodations are 

limited, and, in view of the great interest that has been evidenced in the 

First Congress, we urge any IAS member who plans to go, and who has not 

already done so, to communicate at once with the IAS Secretary, Robert R. 

Dexter, who is handling applications for the Institute. 

See you in Madrid? oi. 

July 1958 

Theodore von Karman 

Maurice Roy 
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The effect of altitude and exit area on the pressures developed in gun bays due to 

burning of entrapped gun gases is discussed and correlated with flight-test data. 

Gun Gas Purging in Combat Aircraft 

HOW MUCH IS ENOUGH? 

Joseph S. Mount and Elden R. Geib 

North American Aviation, Inc. 

= GUNFIRING in combat aircraft, gas formed 

in the gun chamber by the powder explosion leaks into 

the gun bay. The amount of leakage depends upon 

the type, number, and condition of the guns. A typical 

analysis by volume of gun gas is as follows': 

Hydrogen 19 per cent 

Carbon Monoxide 52 per cent 

Methane 1 per cent 

Nitrogen 14 per cent 

Carbon Dioxide 

Such a mixture is a reasonably potent fuel with a 

chemical heat of combustion which compares with those 

of several more common gaseous fuels (stoichiometric 

mixtures, gaseous products) as shown in Table 1. 

When a combustible gas accumulates in a quantity 

greater than the lower explosive limit (LEL) but less 

than the upper explosive limit (UEL), any suitable 

ignition source may initiate combustion. In the case 

of a gun bay, the ignition source in the form of tongues 

of flame from the breech and of hot metal surfaces is 

generally always present. 

This situation is viewed with alarm by purchasers 

and builders of military aircraft since in-flight ex- 

plosions from other causes have resulted in much loss 

of life and equipment over the years. Of the several 

methods that have been advanced for preventing gun 

gas combustion,' the most commonly used because of 

its relative simplicity and reliability is that of forced 

air ventilation or “‘purging’’ during, and for a short 

while after, each gunfiring burst. The authors will 

not explore at this time the other possible methods of 

combustion suppression (controlled burning, quenching, 

etc.) but will devote their attention to what they be- 

lieve to be the important factors in development of 

an adequate air purging system for present-day guns 

and aircraft. To this end, use is made of laboratory 

experiments with fuels similar in character to gun gas. 

14 per cent 

Mr. Mount is Supervisor, Thermodynamics Section, and Mr. 

Geib is Supervisor, Material and Process Section. 
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Also a 7-year background of flight experience and 

development testing on F-86 and F-100 series aircraft 

is drawn upon to provide substantiating data. The 

net result is to show that it is not necessary, or even 

desirable, to provide purging in such amounts that only 

incombustible mixtures are present under all flight 

conditions. 

DESIGN FACTORS 

An air purging system should, of course, be as light, 

inexpensive, and uncomplicated as possible. It should 

be positive acting and should contribute a minimum 

to airplane drag. Fundamentally, it should be ade- 

quate to prevent damage to the aircraft and gun in- 

stallation. The other factors can be compromised to 

obtain this last objective but should not be com- 

promised beyond this. 

Fresh air may be introduced by either an external 

scoop or an internal one located in the engine intake 

duct. In the F-86 and F-100 series of aircraft, the 

location of the guns alongside the engine duct favored 

the latter arrangement. Exits are overboard since 

combustion gases are apt to give jet-engine compressors 

indigestion. To minimize drag during other than 

actual firing conditions, the inlet scoop is retractable, 

opening just prior to firing and closing several seconds 

after firing. The exits, however, are left open. 

EFFECT OF ALTITUDE ON COMBUSTION 

As altitude increases, the fuel concentration required 

to reach the LEL increases. Above a certain critical 

TABLE 1 

B.tu./cu-ft. 
mixture 

Reaction (60°F., 1 atm.) 

Hydrogen & Air 78.7 
JP-4 Vapor & Air 70.0 
Gun Gas & Air 79.5 
Propane & Air 91.0 
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altitude peculiar to each fuel, combustion cannot occur 

at all. These effects are demonstrated in Fig. 1 for 

propane (unpublished data) and JP-4 vapor.” A curve 

which should be approximately correct for gun gas 

has been added to this figure. Although experimental 

data on gun gas are not available, qualitative con- 

sideration of the probable combustion characteristics 

of the mixture of primary fuels present leads to the con- 

clusion that the LEL line shown for gun gas will vary 

in the manner shown relative to the other fuels. Note 

that the fuel required to reach the LEL increases by 

about a factor of 2 between sea level and 50,000 ft. 

In addition, the combustion process becomes in- 

creasingly nonviolent as altitude is increased. ‘‘At the 

lowest pressures, in general, the combustion takes place 

with little or no pressure rise and appears as a blue, 

green, or blue-green slowly moving flame front.”’* We 

can therefore conclude that not only is it unnecessary 

at high altitudes to purge to as low concentrations as at 

sea level to prevent combustion but also that burnable 

concentrations at altitude can probably themselves be 

tolerated, given a reasonably beefy compartment de- 

sign. 

By happy coincidence these effects fall nicely into 

line with two physical characteristics of simple, non- 

modulated, ram-type ventilation systems. These are: 

first, that the amount of air available for purging de- 

creases as altitude increases and, second, that low- 

altitude, maximum air-load conditions dictate the 

structural design of the rammed compartment. Thus, 

a ram-type system, designed structurally in the usual 

manner, will not purge as well at high altitudes and 

does not need to because combustion, if it does occur, 

probably can be tolerated by structure designed for 

low-altitude, high-velocity dynamic pressures. 

UPPER 
EXPLOSIVE 
UMIT (UEL) 

200+ VAPOR 

GAS CONCENTRATION — % SEA LEVEL LEL. 

OWER 
100 EXPLOSIVE 

LIMIT(L EL} 

° 10 20 30 40 50 60 

ALTITUDE — 1000 FT 

Fic. 1. Explosive limits for medium-rate-burning fuels (pro- 
pane, JP-4 vapor, and gun gas). 

| 
TEST TANK 

TYPICAL FAST—BURNING MIXTURE 
AIR 

STOICHIOME GUN GAS MIXTURE 
‘% GUN GAS (308% Si. LEL) & AIR 

TYPICAL MEDIUM-RATE-BURNING MIXTURE 
S% PROPANE & AIR 

APPROX. 11.5% GUN GAS 
(00% SL. LE.L) & AIR 

3° ‘ 2 3 4 5 6 7 

VENT RATIO— SQ FT. cu. FT VOL 

Fic. 2. Variation in combustion pressure ratio with vent ra- 
tio. Solid symbols calculated from heats of combustion, open 
symbols from experiments of reference 3. 

EFFECT OF CONSTITUENTS, VENT RATIO, AND ALTITUDE 

ON EXPLOSIVE PRESSURE 

It is pertinent at this point to calculate the maximum 

pressures that could theoretically be developed in 

closed containers by burning various gas mixtures, 

starting at a given pressure (altitude). This may be 

done by considering complete burning of the mixture 

in the available oxygen with the constituent heats of 

combustion applied to raising the pressure in a ther- 

mally insulated container. The results of such cal- 

culations for certain propane, hydrogen, and gun gas 

mixtures are plotted (solid points) on the vertical axis 

of Fig. 2, the combustion pressure being expressed as a 

per cent of the initial pressure. 

Of further interest is the effect of openings in the 

container on these maximum pressures. For this, test 

data are available from reference 3 for hydrogen and 

propane in rigid cylindrical tanks. These test data are 

also plotted (open points) in Fig. 2. The abscissa is 

the “vent ratio” of the container defined as the sq.ft. 

exit area per 100 cu.ft. of volume. 

Curves have been faired through the test points, and, 

using these curves and the calculated zero vent ratio 

points as a guide, representative curves have been added 

for the two gun gas concentrations considered—100 

per cent sea level LEL and stoichiometric (308 per cent 

sea level LEL). It will be seen that these latter curves, 

while admittedly not precise, cannot be far in error due 

to the rather narrow limits imposed by the hydrogen 

and propane curves. The curves show the significant 

effect of vent ratio on the pressure that can be reached 

during combustion. 

Choosing a vent ratio of 5 (it being evident that 

greater values are relatively ineffective in lowering the 
chamber pressure) and using the Fig. 2 intersections 

for 100 per cent sea level LEL and stoichiometric 
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STOICHIOMETRIC (308% SL LEL) 

OMBUSTIBLE MIXTURE 

INCOMBUSTIBLE MIXTURE 

MAX. COMBUSTION PRESSURE— PSIG 

4193% 100% LEL 

4150% 

240% 
° 10 50 60 20 30 40 

ALTITUDE—I000 FT 

Fic. 3. Effect of altitude on combustion pressure for gun gas 
in a chamber with a vent ratio of 5. Concentrations of flight- 
test data points (A) are given in per cent of sea level LEL where 
measured. 

concentrations of gun gas, Fig. 3 was prepared to show 

how the maximum obtainable pressure will vary with 

altitude. It may be seen that a chamber designed to 

withstand 2.5 psi bursting pressure would not be dam- 

aged by an explosion at sea level of gun gas in the 100 

per cent sea level LEL concentration and that a cham- 

ber designed to 10 psi would withstand an explosion at 

sea level of gun gas in stoichiometric mixture with air. 

It should be noted further that fuel-rich mixtures 

(greater than stoichiometric) will produce pressures 

less than the stoichiometric curve—i.e., the stoichio- 

metric curve represents a maximum limit. The effect 

of increasing altitude is to greatly reduce the maximum 

combustion pressure for a given mixture. 

EFFECT OF ALTITUDE ON PURGING EFFECTIVENESS 

During the past 7 years North American Aviation, 

Inc., has lived with the gun gas purging “problem” 

as it applied to the 20-mm. gun installations on the 

F-86H and F-100 series aircraft. Literally hundreds 

of gunfiring flights have been made during which much 

qualitative information has been obtained. In addi- 

tion to this, some 100 hours of test flying have been 

logged for the specific purpose of obtaining quantita- 

tive data relating to gun gas purging. Samples of gas- 

air mixtures collected in the gun bay during firing were 

analyzed, pressure rises in the gun bay were measured, 

and flame detectors mounted on the gun bay wall 

were used to reveal the presence of combustion. This 

instrumentation is desctibed in some detail in the 

Appendix. 
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The flight-test program showed that average gun 

gas concentrations of well over 100 per cent sea level 

LEL existed in the gun bay first of the F-86H and later 

of F-100A airplanes. For a given flight Mach Num- 

ber, the concentrations increased with altitude. While 

fixes were being developed to reduce the concentrations, 

a good deal of firing was done with the high concen- 

trations and no damage was sustained. Further, the 

data indicated that ignition did not occur above 45,000 

ft. altitude. 

The gun bays of these airplanes had a vent ratio of 

about 5 and had been designed to withstand the pres- 

sure (approximately 5 psig) that would result if the 

purging air inlet scoops were opened in a maximum- 

velocity dive. From Fig. 3 it can be seen that gun 

gas combustion pressures cannot exceed this figure 

above 12,000 ft. altitude. On the basis of structural 

design alone then, it would appear that given uniformly 

mixed, near-stoichiometric concentrations there would 

be no danger of structure damage at altitudes above 

12,000 ft. However, the flight tests showed that an 

additional factor is present which affords complete 

relief from this danger. At 20,000 ft. altitude and 

below the gases burned as they escaped from the gun 

breech and the resulting concentrations in the bay were 

almost invariably below the lower explosive limit. 

While this phenomenon called ‘‘flaming’’ is a property 

of the particular gun and propellant being considered, 

in the F-86 and F-100 installations it has consistently 

afforded complete relief from what otherwise might 

have proved to be a condition requiring more design 

attention. For this reason, the shaded area marked 

“flaming” is added to Fig. 3 to indicate its effect on the 
combustion pressure picture. 

Considering, then, the area from 20,000 ft. up, the 

data show that destructive pressures cannot result 

from burning of gun gases in any concentration. This 

conclusion is born out by flight-test-measured pressures 

which have been noted on the figure. The average 

measured gas concentrations are indicated in per cent 

of sea level LEL for each point and it can be seen that 

the test points agree well with the theory as developed 

above. 

VALIDITY OF ASSUMPTIONS 

The foregoing presentation involves certain funda- 

mental assumptions: 

(1) The behavior of gun gas, a variable-energy, 

medium-rate-burning fuel, is assumed to be essentially 

that of its Fig. 2 relationship with the hydrogen and 

propane fuels. As has been previously noted, the gun 

gas curves of Fig. 2 cannot vary significantly from the 

values shown. 

(2) Fig. 3, derived from Fig. 2, assumes that the rate 

of burning at altitude is the same as the rate of burning 

at sea level where the data of reference 3 were ob- 

tained. However, reference 2 stresses the fact that the 

rate of burning decreases markedly with altitude. 

Qualitatively, this fact would tend to lower the pres- 

sures shown in Figs. 2 and 3. 
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(3) Further, the data from references 2 and 3 were 

obtained on uniformly mixed specimens. Mixing in a 

gun bay is anything but uniform. A flame front pro- 

gressing through a gun bay runs the risk of being 

quenched by either too lean or too rich adjacent mix- 

tures. 

(4) The vessels of reference 3 were not exact replicas 

of gun compartments. However, an actual gun bay 

should be a less effective combustion chamber for the 

following reasons: (a) cold walls (except for sustained 

flight Mach Numbers above 1.2); (b) irregular design, 

with many natural ‘‘fire breaks’’ in the form of frames, 

ammunition tracks, guns, etc.; and (c) less dependable 

ignition—pressure rises often did not occur during 

the flight tests even when a flammable mixture was 

present. 

CONCLUDING REMARKS 

It appears evident that the explosion hazard in gun 

bays is not difficult to eliminate with a ram-air purging 

system once the design requirements are pinned down. 

Of primary importance is an adequate vent ratio, at 

least 5. Next, the flaming characteristics of the gun- 

ammunition combination should be known. The gun 

compartment structural design can then proceed and 

it will probably be found that if the compartment can 

stand the ram pressures encountered in limit Mach 

Number flight no additional structural beef-up should 

be necessary to allow for combustion pressures. 

If the above design procedure is followed, it is not 

necessary to provide purging in sufficient amounts to 

ensure that none but incombustible mixtures exist in 

the gun compartments. The philosophy of purging to 

below 100 per cent of sea level LEL (as expressed a 

priori in reference 1 and accepted generally as a criterion 

wherever the subject is discussed) can unduly com- 

promise the aircraft design from the weight, drag, com- 

plication, and cost standpoints. 

APPENDIX 

In order to obtain the maximum information on 
purging efficiency during each gunfiring flight, several 

types of instrumentation were installed. These are: 

(1) Oscillograph recorders to measure the static 
pressure in the ammunition bay, gun bay, and link 

compartment. 

(2) Recording photosensitive cells mounted on the 

fore and aft bulkheads of the gun bay to indicate gross 

flaming on the oscillograph. 

(3) A sampling system to collect air-gun gas mixtures 
for Orsat analysis from those areas of the three inter- 

connected armament bays which experience has shown 

will be difficult to purge. 

Static pressure and photocell data are recorded from 

the instant of trigger closure until the gun bay purge 

doors close 5 secs. after firing ceases. The gas samples 

are collected over a 1/2 sec. period starting approxi- 

mately 2 secs. after firing is initiated. This is accom- 

plished by electric timers tied into the gun trigger cir- 

cuit. The timers control actuation of rotary solenoids 

used to open and close glass stopcocks on previously 

evacuated 440 cc. glass sampling bombs. Aluminum 

tubing (1/4-in. diameter) is run from the sampling 

point to the sample bomb. The total firing time is 

controlled by loading a fixed number of rounds for each 

gun and firing them all in one continuous burst. 

Immediately after landing, the sample bombs are 

removed from the airplane and their contents checked 

by Orsat analysis for carbon dioxide, carbon monoxide, 

and hydrogen. The per cent of the sea level LEL 

(lower explosive limit) represented by the hydrogen 

and carbon monoxide in the sample according to the 

law of Le Chatelier can be calculated using the follow- 

ing equation: 

(m/Ni) + (m2/N2) = L/100 

(%H2/4.1) + (%CO/12.5) = %LEL/100 

where N, and N2 are the LEL (volume per cent) for 

each gas, m, and m2 are the volume per cent of each gas 

actually present, and L is the per cent of the LEL repre- 

sented by the mixture. Prior to using the above 

equation, the Orsat analysis must be corrected for 

dilution by air left in the sample bombs due to incom- 

plete evacuation, and for the quantity (at sampling 

altitude) of air in the 1/4-in. sample lines connecting 

the sample bombs with the fixed sample points. 
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This article considers power plants 

utilizing three energy sources 

—chemical, solar, and nuclear— 

capable of an electric power output 

in the range of 100 to 1,000 watts. 

Small Power Plants for Use in SPA CE 

Louis Rosenblum 

Lewis Flight Propulsion Laboratory, NACA 

a on the threshold of the space era we can 

glimpse some of the many problems that will challenge 

us aS we attempt to move into the unknown. One of 

the most immediate problems requiring a solution is 

that of developing compact, lightweight, long-lived 

power systems. Such systems are needed now to power 

equipment for data recording and transmission on 

satellite and other unmanned space vehicles. Later 

on, aS space travel develops, low-power systems will 

be needed to power space suits, small auxiliary space 

vessels, and emergency equipment on large spacecraft. 

However, we may reasonably expect that at some fu- 

ture time when large power plants are developed for the 

propulsion of spacecraft the need for small power sys- 

tems will decline; the auxiliary power requirements 

then could be met by tapping power from the large 

power plant. 

In view of this immediate need it will be of interest to 

survey power systems, now in use or that can be de- 

veloped in the near future, capable of an electric power 

output in the range of 100 to 1,000 watts. This article 

describes several possible power systems in this power 

range and compares broadly the relative worth of these 

systems for the space mission. 

SPACE ENVIRONMENT 

The character or nature of a power system will be 

determined (as in the analogous case of the character of 

This article has been updated and condensed exclusively for 

Aero/Space Engineering from the paper, ‘‘Auxiliary Power 

Supply for Space Vehicles,”’ presented by the author at the Space 

Propulsion Session, IAS 26th-Annual Meeting, N.Y., January 27- 
30, 1958. 

Dr. Rosenblum is an Aeronautical Research Scientist. 
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a human being) by two factors: the environment and 

the parentage. The first factor, environment, can be 

described as follows: (1) very low gravity, (2) no atmos- 

phere, (3) temperature, —460°F. (in shade) to 300°F. 

(in sun), (4) meteoroids, and (5) cosmic and solar 

spectrum radiation. 

How do these environmental conditions affect the 

nature of a power plant? The first condition, very low 

gravity, demands that pumps be used to move all fluids 

or that artificial gravity fields be set up by rotation of 

part or all of the system. Also, comparable provisions 

must be made to achieve phase separation of working 

fluids where required. 

The second condition, no atmosphere, demands that 

any heat rejected from the system be rejected exclu- 

sively by radiation. Since the systems to be discussed 

have overall efficiencies of about 10 per cent or less, 

there will be appreciable quantities of heat to reject. 

Therefore, the radiator will be a dominant feature of 

these systems. 

LEAD-ACID 

COMMON DRY 

WEIGHT 

Power 

RATIO, 

LB/WATT gob 

MERCURY (RUBEN) 

40+ SILVER-ZINC-ALKALINE 

CHEMICAL CELL THEORETICAL LIMIT 

.e) 50 100 150 200 250 300 350 
TIME, DAYS 

Fic. 1. Comparison of weight-power ratios (for commercial 
chemical batteries at various load times). 
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EXTERNAL 
LOAD 

N-SOLAR BATTERY 
| UNIT CELL 

| SBR 

65" 
POSSIBLE ARRAY 

ELECTRICAL POWER, 100 W 

Fic. 2. Solar battery. 

Condition (3), the wide temperature range due to the 

presence or absence of solar radiation, should not seri- 

ously affect most systems while in operation. Systems 

such as nuclear systems utilizing liquid-metal coolants 

which may be shut down periodically would experience 

difficulties in start-up. Auxiliary heating would be 

needed in this case. It also is conceivable that systems 

requiring radiators might be able-to reduce radiator 

area and weight by properly shielding the system from 

solar radiation or by suitable orientation of the radiator 

with respect to the sun. 

The fourth condition, meteoroids and cosmic dust, 

will impose a service time limitation on the power sys- 

tems. Meteoroids can be expected eventually to punc- 

ture radiators and other vital components of the power 

plant which would vitiate the system. The probability 

for penetration will depend mainly on exposed area, 

thickness of material, and density of material. Cosmic 

dust or micrometeoroids by a process of erosion may 

reduce the effectiveness of those systems that require 

the transmission of solar radiation. In view of the 

uncertainty in the number of meteoroids of any given 

kinetic energy, the probability of puncture and the ex- 

tent of micrometeoroid damage cannot be accurately 

evaluated at this time. 

Condition (5), cosmic and other radiation, is not 

expected to have any detrimental effects on the opera- 

tion of the power systems and can be neglected. 

ENERGY SOURCES 

After examining how the environment shapes the 
character of the power plant, the role that the parentage 

plays should now be considered. Parentage in this 

case refers to the particular energy source that powers 

the system. There are three main hereditary lines, or 

energy sources, we shall consider: (1) chemical, (2) 

solar, and (3) nuclear. 

Chemical Energy Sources 

Chemical energy sources impose a very marked char- 

this is 
The chemical system of 

acteristic on power systems utilizing them; 

high weight-to-énergy ratio. 

most interest for space use is the chemical battery. 

Some of the batteries of interest are shown in Fig. 1 

where the weight-to-power ratio is plotted against 

time. It can be seen that even for the two best cells, 

the mercury and the silver-zinc-alkaline cells, the 

weights are very high for times over several days. 

It would be instructive to see what the theoretical 

limit of the chemical cell might be. This can be found 

from the following equation: 

AF = AH — T AS = maximum electrical energy 

where 

AF = change in free energy 

AH = change in enthalpy 

AS = change in entropy 

Since the T AS term is usually much smaller than 

AH, it may be neglected as a rough approximation. 

The AH term is the heat of the chemical reaction that 

would result if the chemical changes occurred in an 

open beaker rather than in a chemical cell. The ulti- 

mate in AH (B.t.u./lb.) for chemical reactions is ap- 

proached by the reaction of hydrogen with oxygen. 

In view of the above approximation, the hydrogen- 

oxygen chemical cell will therefore approach the theo- 

retical limit for chemical cells. The curve of the ratio of 

weight to power against time is plotted in Fig. 1 for a 

hydrogen-oxygen chemical cell (chemical cell theoretical 

limit). It should be noted that the weights are for a 
cell plus fuel only and do not include weight of tankage 

needed to contain the gases. 

Solar-Energy Sources 

The next energy source, solar energy, also shapes the 

nature of the systems powered by it. The main fea- 

tures of these systems are that they must be spatially 

oriented so as to intercept a maximum of solar radiation 

and that they have small weight-to-power ratios since 

the ‘‘fuel’’ is supplied from without the system. 

The simplest of the solar-energy systems is the solar 

battery shown schematically in Fig. 2. The cross 

section of a silicon solar cell shows the p-type and n-type 

silicon that is separated by an extremely thin barrier 

layer which becomes a built-in, permanent electric field. 

When light is absorbed by the silicon crystal, it causes 

the displacement of electrons and holes. This together 

with the action of the p-n junction results in a voltage 

7 POLYESTER BALLOON 
MIRROR 

PUMP SOLAR ENERGY 

RADIATOR 
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WORKING TURBINE 
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CHEMICAL CELL 
THEORETICAL 
LIMIT 

SOLAR BATTERY, IN SUN HALF TIME 

SOLAR TURBOELECTRIC, IN SUN FULL TIME 
SOLAR BATTERY, IN SUN FULL TIME 

DAYS 

Fic. 4. Solar power plants. 
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Fic. 6. Nuclear-thermopile system. 
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Fic. 7. Hydrogen-oxygen radioisotope power supply. 

Nuclear-reactor turboelectric system (single loop). 
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difference between the silicon layers of the cell and 

causes an electric current to flow. 

A second system utilizing solar energy is the solar- 

turboelectric system shown in Fig. 3. This system uses 

a polyester balloon with half the inner surface coated 

with a thin metallic film to act as a hemispherical re- 

flector. The solar energy collected by this mirror im- 

pinges on a boiler raising the temperature of the working 

fluid. The fluid then passes through a turbine, driving 

a generator and pump, then to a radiator, finally to a 

pump, and back to the boiler. The main weight of this 

system is in the turboelectric system; the weight of the 

balloon is small by comparison. 

A comparison of three solar-energy systems is made 

in Fig. 4. Again, the weight-power ratio is plotted 

against time, and the theoretical chemical cell curve is 

included for comparison of energy sources. The orien- 

tation effect is quite noticeable when the curve for the 

solar battery in the sun full time is compared with that 

in the sun half time. The solar battery in the sun half 

time needs twice the collection area of the solar battery 

in the sun full time, as well as storage batteries to per- 

mit continuous electric power output. Another in- 

teresting feature of solar-energy sources should be 

mentioned: the decrease in light intensity with in- 

creasing distance from the sun. The values listed in 

Fig. 4 are for solar-energy systems at earth distance. 

At Mars distance the sunlight intensity and, therefore, 

power output would be 0.43 times that at earth dis- 

tance. On the other hand, at Venus distance the value 

increases to 1.90 times that at earth distance. This 

factor will have to be taken into consideration when us- 

ing solar-energy systems for interplanetary missions. 

Nuclear-Energy Sources 

The last energy source we shall consider is the nuclear. 

This source may be logically divided into two types: 

reactor sources and radioisotope sources. The main 

feature of nuclear systems is their small weight-to- 

power ratios due to the compactness and high specific 

power of the nuclear “‘fuel.’” Another characteristic of 

nuclear systems is the concomitant radiation. This 

makes heavy shielding mandatory if humans are to be 

near the power systems. However, for other applica- 

tions, the level of radiation with light shielding would 

be tolerable to mechanical and electronic systems. 

Characteristically, the power output of nuclear reactors 

is relatively constant over long periods of time. By 

contrast, radioisotope sources have a decreasing power 

output with time. The following equation shows the 

factors determining the specific power of radioisotopes: 

Specific power, Py = C 

where 

C = constant 
E = average energy of radioisotope decay 

A = atomic mass of radioisotope 

T1/2 = half life of radioisotope 

t = decay time 
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The specific power at zero decay time is directly 

proportional to the average decay energy and inversely 

proportional to the half life. At other times, the spe- 

cific power decreases exponentially with increasing time. 

The method of choosing a radioisotope for a particu- 

lar power system can be quite complex. A listing of 

the important considerations that enter into the choice 

of a radioisotope will illustrate this point. The deter- 

mining factors are: (1) availability, (2) cost, (3) half 

life, (4) type of decay particle, and (5) radiation hazards. 

There are many possible systems that can be envi- 

sioned utilizing nuclear-energy sources, but, for the pres- 

ent, we shall restrict the examples to a few representa- 

tive cases. Fig. 5 shows a nuclear-reactor turboelectric 

system. This type of system may involve a single loop, 

as shown, or have a double loop with a heat exchanger 

between. The two-loop system is used mainly to re- 

duce the radiation level in parts of the system external 

to the reactor when a working fluid is used that becomes 

radioactive in the reactor. : 

A second nuclear system employing a radioisotope 

power source can be pictured similar to the first in 

which the reactor (Fig. 5) is replaced by the radioisotope 

source. 

A third system is shown in Fig. 6. This is a radio- 

isotope-thermopile system. When alternate junctions 

of a thermocouple are subject to different temperatures, 

the Thompson and Peltier effects produce an electro- 

motive force. If the thermocouple circuit is closed, a 

current will flow. The magnitude of the electromotive 

force depends on the thermoelectric power of the cou- 

ples, the number of couples, and the a atin dif- 

ference between the junctions. 

The final nuclear system to be ouneliiend makes a 

unique use of radioisotope decay energy (Fig. 7). Parti- 

cles from a radioisotope dissociate water into hydrogen 

and hydrogen peroxide. Hydrogen being a gas of low 

solubility is separated from the water stream at this 

point. The hydrogen peroxide is carried by the stream 

to a second chamber where it passes over a catalyst pro- 

moting its decomposition into oxygen and water. The 

oxygen is removed at this point. The two gases, hy- 

drogen and oxygen, are fed into a chemical fuel cell. 

In this cell, the gases combine to give water and elec- 

tric energy. The water stream then passes through a 

radiator and is pumped back to the decomposition 

chamber. 

Plots of the weight-power ratio against time for the 

various nuclear systems considered are shown in Fig. 8. 

For comparison, the curves for the chemical cell theoret- 

ical limit and the solar battery in the sun full time are 

included. The differing characteristics of the reactor 
and radioisotope energy sources (in this case for Po”, 

an alpha emitter, 7). = 138 days) are evident from 

the curves. The weight increases in the radioisotope 

systems come both from the additional ‘‘fuel’’ needed to 

maintain a given power level as the ‘‘fuel’’ decays and 
from the increased radiator size needed to reject the 

surplus heat from the excess of “fuel.” The use of a 

radioisotope with a longer half life than Po*” would give 

3.5- cELL, 
THEORETICAL LIMIT 

3.0+ 
po? THERMOPILE 

2.5- 
TURBOELECTRIC 

2.0+ 

LB/WATT FUEL CELL 

NUCLEAR REACTOR, 
TURBOELECTRIC 

SOLAR BATTERY, 
IN SUN FULL TIME 

fe) 100 200 300 400 500 600 700 
DAYS 

Fic. 8. Nuclear-fueled power plants. 

curves with less steep slopes and a smaller variation in 

the weight-power ratio with time. 

CONCLUSION 

In conclusion, the characteristics and potentialities of 

the small power plants for space applications can be 

summarized as follows: 

Chemical energy systems: These systems are char- 

acterized by high weights, but, in spite of this, they will 

continue to find use for some time because of their ready 

availability, low cost, and reliability of operation. 

Solar-energy systems: These systems are lightweight 
and require proper orientation for maximum effective- 

ness. They are potentially the best of the systems con- 

sidered and among the simplest. Micrometeoroids 

might restrict the effectiveness of these systems. 

Nuclear-energy systems: These systems are in the 

same lightweight class as solar-energy systems. Radia- 

tion will restrict the use of these systems to unmanned 

applications unless weight penalties for shielding can be 

accepted. 
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As paper manufacturers turn to the 

possibilities of using more inert fibers such 

as asbestos or glass, and with new 

improved impregnating media now available, the 
author reviews his experiences over a period of 

progressive practical development work. 
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As» Now the metal used by Robur 

in the construction of the aeronef—a name which can 

be exactly applied to the Albatross. What was this 

material, so hard that the bowie-knife of Phil Evans 

could not scratch it, and Uncle Prudent could not ex- 

plain its nature? Simply paper!”’ 

So wrote Jules Verne in The Clipper of the Clouds, and, 

from the more elaborate details given in his work, it is 

possible to interpret the information as a prediction of 

“the plastics aircraft.’’ There is no doubt, however, 

that he visualized paper suitably impregnated being 

developed to great advantage as a structural material. 

There is probably no other medium commercially 

available with such versatility of application as a sheet 

of paper. Except for mechanization, the process of 

manufacture differs little from the original method so 

ably demonstrated by the paper wasp in building its 

The de Havilland Mosquito showing 100-gal. capacity 

paper petrol tanks fitted to each wing. 

nest. Vegetable fibers are moistened, chewed, and 

rearranged in the pulped state to take the desired form 

which is ready for use after drying. If the structural 

properties of paper have been too readily despised in the 

past, it has been mainly due to high moisture pickup 

but even so, it is the material to which the aircraft 

manufacturer has turned for a great variety of pur- 

poses which range from model making to the pro- 

duction of such parts as fairings, wing tips, and elabo- 

rate curvature work. 

Many thousands of components have been made by 

the simple technique of accumulating layers of adhesive- 

treated paper on simple plaster formers. But while the 

results have been admirable and the various shapes 

economical to produce, they have had little real struc- 

tural value and very low wet strength. 

During World War II, shortage of preferred materials 

in the United Kingdom made improvisation necessary 

and, in 1942, the author had succeeded in making paper 

containers acceptable to the Services for carrying oil— 

by the use of cellulose-acetate coated liners. As a 

result he was invited by The de Havilland Aircraft Co., 

Ltd., to concentrate on the possibility of constructing 

from paper an auxiliary aircraft fuel tank of 50 gal. 
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capacity. It had become highly important to extend 

the flying range of the Mosquito, and the tanks, which 

normally would have been of metal, could not be pro- 

duced in sufficient quantity owing to shortage of ma- 

terial and skilled labor. 

Experimental work on the 50-gal. paper tank was 

completed, prototypes flown and approved, and pro- 

duction started within a few weeks. Reinforced- 

plaster formers made by film studio craftsmen were 

employed. Probably one of the most important fea- 

tures was the specially developed adhesive, a casein 

glue with the unusual characteristics of having a very 

high solids content in a very low viscosity solution. 

As a result, it was possible for the paper to be glue- 

coated and impregnated in one operation. 

When paper is coated with an aqueous solution, it be- 

comes extended dimensionally by the absorption of 

moisture. After application to a curved male former, 

the paper contracts on drying, thus bringing into action 

a considerable pressure. With the new glue, the im- 

pregnated laminate was compressed so efficiently that 

tank shells could be sawed, planed, drilled, and screwed 

as readily as plywood. A layer-by-layer diagram 

shows the way in which sheets of treated paper were 

applied to the mold for a 50-gal. tank. In production, 

the work was successfully executed by unskilled labor, 

the average time taken to complete the hand-made 

shell being 4 hours. 

After many thousands of 50-gal. paper tanks had been 

in service, a 100-gal. prototype was approved which 

replaced the smaller one. Eventually, the 100-gal. 

tank was superseded by the 200-gal. design, which 

meant that the Mosquito was able to carry up to 400 

extra gal. of fuel. 

When a paper shell had been reinforced by fitting 

a wooden chassis, the completed assembly was slushed 

out with a fuel-proof shellac compound. It was then 

pressure tested and finished externally with a cotton 

scrim and cellulose-acetate dope treatment. 

It is unlikely that there is a more outstanding single 

example of paper being used for double-curvature air- 

craft moldings than in the manufacture of Mosquito 

fuel tanks. The total war output of these was: 50-gal. 

capacity, 25,000; 100-gal., 75,000; 200-gal., 2,000— 

giving a total of 102,000. 

SANDWICH CONSTRUCTION 

One of the most impressive forms of low-density 

sandwich construction was that used in the production 

of the Mosquito. This comprised a balsa wood core 

glued between two skins of thin plywood and the re- 

sulting lightweight laminate had a very high resistance 

to bending. 

Toward the end of 1943, as proposed by scientific 

officers of the Telecommunications Research Establish- 

ment, the author undertook to make a series of ex- 

perimental radomes in a similar type of construction 

with a view to improving their general characteristics. 

The radomes were required to be, as nearly as prac- 

Paper, 

Plastics, 

and Weight-Saving 

Construction 
in Aircraft 

George May 

Dufaylite Developments, Limited 

tically possible, electrically transparent; and as spacing 

of skins had a relation to the operational wavelength, 

it was necessary to find a core material which could 

be controlled in double curvature to within +0.005 in. 

Balsa wood had too high a moisture pickup and the 

foamed plastics then available were found to be either 

inconsistent in density or difficult to manipulate. 

In constructing a honeycomb, the bee uses a mini- 

mum of substance to maximum advantage, and, bear- 

ing this in mind, most encouraging results in double- 

skin radome construction were obtained by applying 

hand-made honeycombs as the core materials. These 

were made from a variety of substances including paper, 

fabrics, and glass-fiber cloth. They were molded and 

stabilized by impregnation with synthetic resins. 

Visualizing the scope of such low-density cores and 

influenced by theoretical proposals made by scientific 

officers in government research establishments, the 

author then concentrated on the perfection of a practi- 

cal process for manufacturing structural honeycombs. 

Patent rights have since been granted in Great Britain, 

the United States, and in many other countries in the 

world. 

This system, which employed for the first time the 

expansion method of making low-density cores, was 

found suitable for producing materials having advan- 

tages over those previously known, as follows: (1) 

higher strength/weight ratios, (2) greater control over 

consistency of thickness (+0.005 in.), (3) suitability 

for contact laminating, (4) adaptability to simple and 

complex curvature-molding, (5) acceptance of cutting, 

The author is Technical Director. 
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shaping, and profiling before expansion, and (6) fewer 

limitations on size of structures. 

The process was originally demonstrated to J. E. 

Gordon, Senior Principal Officer of the Royal Aircraft 

Establishment’s Plastics Structures Section in 1944. 

As a result, a new low-density material credited with 

possession of the highest strength weight ratio ever 

developed was made available to the aircraft industry. 

This product, comprising a combination of all-wood 

kraft paper and thermosetting phenol-formaldehyde 

resin in honeycomb form, was marketed under the 

registered trade name of ‘‘Dufaylite.”’ 

In addition, many other types of honeycomb have 

been produced by the same process and it is important 

9. 

Nine-ply arrangement of paper damination used to make 50-gal. fuel 

tanks for the Mosquito. This system allowed for equal distribution of 

stresses, and different colors of paper for alternate layers controlled 

consistency of thickness. The tanks were made in the upside-down position. 
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to record that their successful development has only 

been possible by applying materials made available 

by the plastics industry. 

For example, the combination of paper and phenolic 

resin, converted to cellular form, gives a structure of 

great stability principally because of the synthetic prod- 

uct contributing desirable physical properties lacking 

in the natural fiber. Honeycomb made from woven- 

cotton fabric is stiffened by impregnation with selected 

thermosetting-resins while cold-setting grades of poly- 

ester resin are preferred for the treatment of converted 

glass-fiber cloth. Metal honeycomb is constructed by 

using adhesive plastics. 

APPLICATION OF HONEYCOMB CORES 

In civil aviation it has been estimated that each ounce 

of weight reduction can effect a saving of up to $2.80 

per annum on operational costs. It is not surprising, 

therefore, that lightweight honeycomb sandwich, 

applied in the form of bulkheads, partitions, floors, 

doors, furniture, and fittings, is greatly favored by 

designers. 

After elaborate tests had been carried out by the 

R.A.E., the first large-scale practical application of 

Dufaylite weight-saving construction in aircraft was 

in Vikings of the Royal Flight. This example set by 

Vickers-Armstrongs, Ltd. has since been followed by 

many other aircraft manufacturers, both in Britain, 

the United States, and other countries. 

Honeycomb ranging from 15 oz. to 30 oz./cuft. 

is technically and economically satisfactory for general- 

purpose weight-saving in aircraft. These materials 

are used as low-density cores and are sandwiched be- 

tween thin skins of higher-density materials which may 

be of plywood, metal, or plastics. In practice it is 

essential that the laminating operation should result 

in a fully satisfactory type of bond. 

For this purpose, plastics adhesives are without 

equal and several grades allow excellent capillary at- 

traction to the hexagonal cell edges as soon as the coated 

skins are brought in contact with the honeycomb core. 

Special attention has been given by the R.A.E. Plastics 

Section to wetting-out agents which improve this con- 

dition and also to the development of highly efficient 

synthetic glues for honeycomb laminates in order to 

provide a satisfactory performance under conditions in 

tropical heat and arctic cold. 

Being accurately cut before expansion, Dufaylite 

honeycombs are consistent in thickness, and, in lami- 

nating, no greater pressure is required than is necessary 

to bring the adhesive-coated skins into contact with 

the cellular-core material. In many cases, stack press- 

ing of flat panels is employed and the accumulated piles 

of laminates are usually left in this state overnight, 

allowing the glue to harden under cold-setting con- 

ditions. Where hot presses are available, the curing- 

cycle may be reduced to as low as 15 min. When 

curved laminates are required, such as doors for the 

Vickers Viscount, the directional properties of both 
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HONEYCOMB SANDWICH 

7 |b 
PLYWOOD 

4 Ib 

Demonstrating the stiffness of weight-saving honeycomb sandwich 

construction. The steel strip is loaded with 1 Ib., aluminum 4 Ibs., plywood 

7 Ibs., and honeycomb sandwich 14 Ibs. 

skins and core must be taken into consideration. Du- 

faylite, normally supplied in convenient panels of 36 in. 

by 12 in. and ready cut to any specified thickness, has 

least resistance to bending in the lengthwise direction 

and should be manipulated accordingly. 

While simple, curved sandwiches are often laminated 

in one operation, another system—originated by the 

author—is to glue the core to the outside skin of the 

panel only, in the first instance. This is done in the 

flat state, and, when the adhesive has hardened, the 

combination is bent, core inwards, then applied to the 

second skin which has been prepared with wet glue. 

The assembly is held in a suitable jig until set. 

Reversed-curvature laminates such as S bends are 

dealt with by gluing part of the core to each skin, 

according to design, before setting to final shape. An 

example is illustrated in accompanying figures. 

It would not be advisable to suggest a single method 

of laminating which would be acceptable for all struc- 

tures curved in more than one direction as the designer 

has almost unlimited scope. Elaborate experimental 

work concerned with the fabrication of doubleskin 

double-curvature structures has shown that resinated- 

paper, resin-treated woven fabrics (including glass- 
fiber cloth), and resin-impregnated asbestos-felts are 

particularly well suited for application as skin materials. 

With core it is an advantage to be able to manip- 

ulate resinated honeycombs to curvatures while the 

resin is in the uncured state. In this way, complicated 

tailoring necessary when using rigid material is avoided. 

Aircraft structures such as radomes require the use 

of glass-fiber honeycomb surfaced with skins of woven 

glass cloth, all impregnated and laminated with poly- 

ester resins. For such purposes, glass-fiber Dufaylite 

is available in extra large sections and skilled craftsmen 

prefer this in the unresinated form so that the material 

may be dipped in liquid cold-setting resin and draped 

over a waxed former to provide, when set, a complete 

preformed double-curvature honeycomb core ready for 

the laminating process. 

Examples of radomes made in this way are those 

produced by the Bristol Aeroplane Co. for the Britan- 

nia, the Brigand, and the Meteor; and by A. V. Roe 

and Co., Ltd., for the Vulcan. 

While glass-fiber Dufaylite impregnated with resin 

in the wetted-out state is suitable for the draping tech- 

nique, more recently developed honeycombs with en- 

tirely different characteristics in the fully cured form 

have emerged from experimental work carried out by 

the author in order to provide a specially curved core 

Honeycomb cores glued in the first instance to a single skin are manipu- 

lated to curves by bending inwards. Some designs make it advisable to 

glue part of the core to each skin in the flat state, and details of bending 

are given in this example showing both formation and final assembly. 
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Jindivik Mk. |, pilotless jet aircraft, used as high-speed targets in guided- 

weapon devel t. The inpl are stabilized and tailpl 

with Dufaylite, resin-treated paper honeycomb. 

material for use in the Comet III. These employ an 

ingenious and patented method of applying interrupted 

glue joints of predetermined design which results in a 

variety of effects from sections taking the curved shape 

on expansion to flat panels which will yield readily to 

both simple and reversed curvature. The new curved 

and curvable honeycombs can be produced from a 

variety of materials including paper, resinated paper, 

and metal foils. 

In the aircraft wing development carried out at the 

R.A.E., the advantages offered by Dufaylite were 

particularly acceptable to the requirement for a ready 

tailored filler suitable for stabilizing the molded shell 

of the wing. Sections of the unexpanded and uncured 

honeycomb were cut to predetermined shape by band- 

saw so that when stretched and cured they assumed the 

correct airfoil profile. 

The Mark I wing employed a honeycomb core weigh- 

ing only 15 oz./cu.ft. and consideration was also given 

to the filled wing being used asa fuel tank. In order to 

make this possible, the Dufaylite was notched before 

expansion so that the liquid could enter and flow be- 

tween all cells in the expanded material. Immersion 

tests proved that resin-treated paper honeycomb was 

unaffected by the fuel and it was considered that a 

further possible advantage to be gained from the cellu- 

lar construction was a tank which would prevent a 

surge of liquid when the aircraft banked steeply. 

A typical example of production resulting from the 

Farnborough Mark I wing development is in the manu- 

facture of Jindivik Mark I and Jindivik Mark II, the 

pilotless jet aircraft used as high-speed targets in 

guided-weapon development. The mainplanes and 

tailplanes, many hundreds of which have now been 

made, comprise resinated paper Dufaylite in profiled 

section skinned with alloy sheet. 

Slabs of honeycomb core are manufactured in Britain 

and flown to Australia in the unexpanded form. They 

are then shaped, expanded, cured, and laminated in the 

Government Aircraft Factory at Fishermens Bend, 

Melbourne. The grade of honeycomb used has a 

density of only 30 oz./cu.ft. 
With the demand for metal Dufaylite in aircraft 

steadily increasing, it would appear strange for the 

paper-cored metal laminate to be used so extensively. 

It must be realized, however, that with due apprecia- 
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tion of the all-metal sandwich, there are occasions in 

which the metal-skinned paper core has considerable 

advantages—including greater ease of manipulation 

and lamination together with a lighter structure at 

very much lower cost. 

Typical examples of craft in which these factors have 

been appreciated are the Jindivik and the Auster A. 

O. P. 9. In both cases, metal-faced resinated paper 

Dufaylite has proved satisfactory. 

As an alternative to the solid profiled section Dufay- 

lite core, a thinner sandwich of smaller honeycomb was 

incorporated into the compression face of the Farn- 

borough Mark II wing. This core weighed 42 oz./cu. 

ft. and the plastics wing was reduced in weight to 

85 per cent of the metal equivalent. 

Further important development work in the same 

field was carried out by F. G. Miles, Ltd. at Shoreham 

Airport, in making 30-ft. one-piece moldings for high- 

performance experimental glider wings. The Miles 

effort employed Durestos resinated asbestos felt sta- 

bilized with tapered Dufaylite and in this instance the 

wedge-shaped sections of honeycomb were cut to shape 

by guillotine before expansion. 

As radar equipment improves, it has become neces- 

sary to produce larger reflectors with a much higher 

standard of efficiency. These reflectors continue to be 

scaled up in size while at the same time it is essential 

to maintain greater control over weight, dimensional 

stability, and accuracy of profile. 

The Cossor Airfield Control Radar Mk. VI installed 

at London Airport demonstrates a 14-ft. paraboloidal 

honeycomb reflector which owes its successful stabili- 

zation to the application of a 3-in. Dufaylite core. 

Using a technique originated at the R.A.E., these 

large moldings comprise a specially processed honey- 

comb core laminated between skins of resin-treated 

asbestos-fiber felts. The process is one in which the 

felts are laid up on a prepared mold followed by a layer 

of furane-treated Dufaylite 3 in. thick tapering to 

nothing at the outside edge, so that when a further 

layer of resinated asbestos is applied over the core, 

both the face and backing skins of the structure are 

united at the rim. 

Pressure is applied by vacuum bag, the molding is 

heated until the thermosetting resin in the felts has 

cured, and furane-treated Dufaylite is designed spe- 

cially to withstand the forces applied in such hot, wet 

layup techniques. 

A further type of large radar mirror, while of dif- 

ferent design, employs a similar combination of ma- 

terials. These structures, used for the aerial defense 

of Britain, have proved to be more efficient and half 

the weight of their metal equivalents. Radar scanners 

are an outstanding development of laminated honey- 

comb cores, combining both technical and economic 

advantages. 

As an alternative to asbestos felt, glass-fiber mat 

and woven fabric may also be applied to the Dufaylite 

as skins with the added advantage that a cold setting 

process may be used for bonding. 
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While the core materials most extensively applied in 

aircraft so far have been those made from resinated 

paper, metal foil, and glass-fiber cloth, a very consid- 

erable amount of development work has been carried 

out by the author in order to establish a wide variety of 

new honeycombs with most interesting character- 

istics. They include cellular products made from dis- 

similar materials such as combinations of paper coated 

or impregnated with thermosetting and thermoplastic 

resins together with metallic foils. These can be dis- 

tributed in predetermined arrangements either as al- 

ternative or composite layers in many ways to provide 

unique core materials by uniting fibers, plastics, and 

metals to best advantage. 

In some cases, the honeycombs can be microporous 

or ventilated while in others the structural elements 

may be airtight and watertight where impervious 

cellular construction is required. 

Honeycomb construction associated with aircraft 

has been so impressive that other industries have been 

very considerably influenced, and the modern trend is to 

abandon dead-weight principles in favor of weight- 

saving technique. It is now possible to produce a 

factory-made dwelling in sections and pack it, complete 

with furniture, in a single freight-carrying aircraft for 

delivery to inaccessible places. Erection can be ac- 

complished within 48 hours and such a structure weighs 

only one twenty-fifth of that using traditional building 

materials. 

A further example is in huts used as living accom- 

modations by the French Polar Expedition during 

their recently completed 6-year stay on the Greenland 

Ice Cap. These huts, comprising laminated sections of 

paper Dufaylite and“ Duralumin sheets, filled with 
Vermiculite for thermal insulation are light enough to 

be parachuted to the ground. They can be erected 

quickly and similar huts are now popular quarters for 

troops stationed in the Arctic regions. 

CONCLUSION 

In his 12 years’ practical experience of developing, 

producing, and applying precision honeycombs, the 

author has become more and more impressed with the 

truly amazing characteristics of paper used both as 

cellular core and skin materials. 

Recently, it has been realized that the longer an air- 

craft is in service, the greater its increase in weight. 

The condition is due to a variety of causes including 

oxidation and corrosion. The added weight on a 

single machine can be as much as 300 lbs. This means. 

that the aircraft designer would do well to give even 

greater attention to weight-saving and also to the use 

of noncorrosive materials. With paper makers keenly 

interested in the application of more inert fibers and 

plastics manufacturers producing resins with improved 

characteristics, the Jules Verne specification would now 

appear to be worthy of further consideration. After 

all, are we not approaching forms of construction equal 

to or even more promising than that used in Clipper of 

the Clouds? 

This seems to be quite apparent if we think in terms 

of paperweight webs of such materials as glass or asbes- 

tos impregnated with suitable plastics and linked with 

metal foils in ultra lightweight cellular construction. 

The honeycomb core has provided the highest strength- 

to-weight ratio so far achieved, and future develop- 

ments now demand multilayer sandwich construction 

with greatly improved characteristics in strength, ther- 

mal and sound insulation, and resistance to elements. 
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The factors which constitule an engineering economic profile are discussed as practical considerations 

which may profoundly influence the design of both the vehicle and the propulsion system. 

Booster Propulsion for space Vehicles 

= SUCCESSFUL launchings of satellite vehicles in 

connection with the International Geophysical Year 

have greatly stimulated interest in the conquest of 

space. The unexpectedly sharp impact of the first 

Sputnik on world political opinion indicates that we 

have found ourselves, however reluctantly, in the midst 

of a race for space. To remain a successful competitor, 

it will be necessary to provide solutions to problems in 

many different engineering and scientific fields such as 

guidance, aeromedicine, and propulsion. The subse- 

quent discussion will be confined to the problems of the 

propulsion system. 

To aid in formulating the propulsion system problem, 

let us review the methods of achieving space flight which 

have been proposed by the scientists and engineers 

actively concerned with the problem. The consensus 

is that all space journeys originating in the near future 

would be conducted in at least two steps or phases. 

The first phase would be the flight from earth to a per- 

manent satellite space station located in an orbit from 

about 300 to 1,000 miles above the earth. There the 

space voyagers would debark from the first phase or 

“‘booster’”’ vehicle and leave the satellite space station 

in a second vehicle which would take them to their des- 
tination. The second vehicle might proceed directly 

to the final destination or, alternatively, make an ad- 

ditional stop to refuel at another station deeper in 

space. 

After delivering its cargo and passengers, and per- 

haps embarking members of the crew of the space 

station or of second phase vehicles returning from other 

flights, the “‘booster’’ vehicle would return to earth us- 

ing aerodynamic friction to decelerate the vehicle. 

Updated, revised, and condensed especially for this issue of 
Aero/Space Engineering from the paper of the same title pre- 

sented at the Space Propulsion Session, [AS 26th Annual Meet- 
ing, New York, Jan. 27-30, 1958. 

Mr. Wentink is Assistant Research Group Engineer in the 
Aerophysics Group. 
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Richard S. Wentink 

Convair—Astronautics 
A Division of General Dynamics Corporation 

In the construction period of the space station, this 

type of vehicle also would be used to transport the per- 

sonnel and material used to fabricate the station. 

Thus all space flights in the near future will probably 

have one thing in common— they will begin in a 

““booster’’ vehicle whose function is to shuttle back and 

forth between the earth and the satellite space station. 

The immediate problem is to evaluate our capability 

of providing a propulsion system for the ‘booster’ 

vehicle. (The second phase or “‘deep’’ space vehicle 

propulsion system is treated in detail in reference 1.) 

To perform this evaluation, it is necessary to investigate 

and answer the following questions: 

(1) Is it possible to provide a propulsion system for a 

“booster” vehicle at the present state-of-the-art? 

(2) If so, what would be the general features of this 

system? 

(3) If not, what additional scientific breakthroughs 

are required ? 

DISCUSSION OF INVESTIGATION 

The investigation will be developed in the following 

general steps: 

(1) The ‘‘mission profile’ or statement of the task to 

be accomplished by the booster vehicle will be formu- 

lated. 

(2) This will be analyzed to yield the explicit and im- 

plied requirements. 

(3) The “engineering/economic profile’ will be dis- 

cussed. This is a group of engineering and economic 

factors which, strictly speaking, are not requirements 

but are practical considerations which may profoundly 

influence the design of both the vehicle and the propul- 

sion system. 

(4) Finally, the requirements of the mission profile 

will be compared with the current state-of-the-art ca- 

pabilities to determine what additional breakthroughs 

are required, if any. 
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Statement of Mission Profile 

This mission profile is, by definition: 

(1) Manned passenger- and cargo-carrying ballistic 

vehicle. 

(2) Vehicle to be launched from earth and intercept 

satellite space station at altitude of about 500 miles. 

(3) After discharge of passengers and cargo, it will 

return to earth, using friction with atmosphere to pro- 

vide most of deceleration. 

(4) Vehicle will be capable of return flight without 

resupply at space station. 

Analysis of Mission Profile 

The principal requirements established by item 1 con- 

cern the safety of the crew and passengers. For this 

safety it must be possible to abort the mission for any 

reason, including a propulsion system failure any time 

after launch, and return the manned stage to earth. 

The most critical period is immediately after launch 

when the altitude for maneuvering and the time avail- 

able to start the engines of the manned stage are at a 

minimum. This consideration leads to the first two 

requirements—namely, 

(1) The first-stage propulsion system shall consist of 

more than one independent unit—i.e., it shall be multi- 

engined so that altitude can be maintained with loss of 

one unit long enough for manned stage to escape. 

(2) The vehicle must be controllable with loss of one 

engine unit. The physiological safety of the occupants 

also must be considered. This limits the choice of mass 

ratio and initial acceleration. 

(3) The maximum vehicle acceleration must not ex- 

ceed the human endurance limit. 

Item 2 of the mission profile leads to five additional 

requirements. The first of these is almost trite but 

does have significance because it restricts the form of the 

propulsion system which may be used. It is: 

(4) The power plant must provide a thrust to vehicle 

weight ratio greater than 1.0. 

In order to reach a satellite orbit, the vehicle must 

operate outside of the earth’s atmosphere. The neces- 

sity for this leads to a fifth requirement—i.e., 

(5) Some form of reaction propulsion system must 

be provided to accomplish attitude control of the vehi- 

cle. 

The vehicle must acquire a minimum velocity equal 

to that of the satellite station. At the assumed altitude 

of 500 miles, this is approximately 24,500 ft./sec. In 

addition, gravitational and aerodynamic drag forces 

must be overcome. An estimate for the extra velocity 

potential (or velocity gain capability) required to reach 

a 500-mile orbit is 4,900 ft./sec. Thus: 

(6) A velocity potential of 29,400 ft./sec. is required 

to reach the desired orbit level. 

An allowance must also be made for maneuvering 

the vehicle so that it intercepts the satellite stations 

with the proper velocity vector and angle between this 

vector and the local horizontal. The additional veloc- 

ity potential required to correct the velocity vector 

angle is about 450 ft./sec. per degree of correction 

necessary. This is governed by the accuracy of the 

guidance system. Also normal tolerances and uncer- 

tainties in the power-plant thrust and specific impulse 

and vehicle launch weight can cause appreciable toler- 

ances in the total time of flight which can easily amount 

to 10sec. This is significant since, for each second of 

time difference between the actual and intended time of 

attaining the required velocity vector and altitude, the 

vehicle will ‘‘miss’”’ the space station by 24,500 ft. or 

about 4.7 miles. (The apparent paradoxes encountered 

in the final maneuvering of the vehicle to the space 

station would make interesting grist for the science- 

fiction writers’ mill.) With thrust control available in 

the power plants of the manned stage, the time uncer- 

tainty could be reduced to approximately 1 sec. so that 

the velocity potential required to compensate for the 

horizontal ‘‘miss’’ distance would be small compared to 

that required to correct for the velocity vector angle. 

A capability for correcting a 2° angle error is a reason- 

able estimate based on expected guidance system ac- 

curacy. Thus two additional requirements are: 

(7) An additional velocity potential of 900 ft./sec. is 
required for final maneuvering of the vehicle to inter- 

cept the space station (2° vector angle adjustment at 

450 ft./sec. deg.). 

(8) Thrust control is required in the manned stage of 

the vehicle. 

The third item of the mission profile leads to other 

velocity potential requirements of the vehicle—that of 

separating from the space station and of braking prior 

to re-entry of the earth’s atmosphere. 

To ensure a controlled descent to earth, it is necessary 

to reduce the vehicle velocity to that equal to or below 

the orbital velocity at the altitude at which the atmos- 

phere will provide braking. The velocity at this latter 

condition would be equal to that of the space station 

plus the velocity acquired because of the potential 

energy level (gravitation) change between the space 
station and the altitude of the earth’s atmosphere. 

Two choices are available for the time at which 

braking is accomplished. It can be accomplished at 

the time of separation from the space station (which re- 

quires 1,050 ft./sec.), or it can be accomplished just 

prior to re-entry (which requires 950 ft./sec.). How- 
ever, the latter requires an inflight restart and is not 

preferred. Assuming the latter altitude is 50 miles, the 

ninth requirement is: 

(9) A velocity potential of 1,050 ft./sec. is required 

for braking prior to re-entry of the atmosphere to en- 

sure a controlled descent. 

This is a modest value compared to a required veloc- 

ity potential of about 27,000 ft./sec. if the vehicle is 
retarded by means of propulsion system thrust. 

The last item of the profile requires that: 

(10) The engines of all stages except the first must be 
capable of starting in a vacuum and at zero g environ- 

ment. 

(11) The propellants required for return to earth and 
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materials required for starting the engine when leaving 

the space station must be brought with the vehicle. 

Statement of Engineering /Economic Profile 

Having completed the analysis of the mission profile, 

we will discuss some of the basic economic and engineer- 

ing factors underlying the choice of a propulsion sys- 

tem. These form a profile of the practical or ‘‘facts-of- 

life’ type. Although not requirements in the strict 

sense of the word, they exert a significant influence on 

many of the engineering decisions and compromises 

which must be made in the actual choice and design of 

a propulsion system. For lack of a better term, these 

factors will be called the ‘‘engineering/economic pro- 

file’ in this discussion. These factors are outlined as 

follows: 

(1) In most engineering problems there is more than 

one solution which will achieve the desired objective. 

(2) The best solution is one which will provide the 

desired degree of perfection in the specified time avail- 

able with the least expenditure of money. 

(3) The development cost of a propulsion system for 

the ‘“‘booster’’ vehicle will greatly exceed the cost of 

procurement for use. 

(4) The cost of new facilities required to manufacture 

and test the power plant and propellants, as well as the 

usual direct manpower costs, must be included in the 

computation of development cost. 

(5) The propulsion system will be the most costly 

single subsystem of the vehicle to develop. 

(6) The propulsion system will probably be the least 

reliable subsystem of the vehicle at the end of any given 

time of vehicle development. 

(7) The fewer the stages which can be employed to 

achieve a given objective, the greater will be the over- 

all vehicle reliability (or probability of achieving a suc- 

cessful mission). 

(8) The degree of propulsion system reliability which 

can be developed in a given time period and at a given 

cost decreases with an increase of thrust level. 

(9) The cost of propulsion system development per 

unit of thrust increases as the thrust level increases. 

(10) The greater the margin between the design ca- 

pability and the actual requirement, the greater will be 

the probability of achieving the objective. 

(11) The propulsion system development time (or 

lead time) is one of the longest required for any of the 

vehicle subsystems. 

(12) This development time increases with an in- 

crease in thrust level. 

(13) The cost of providing a propulsion system em- 

ploying a new propellant combination is greater than 

the cost of one using a conventional combination. 

(14) The fewer the stages which are required (with a 

given propellant combination), the lower will be the 

overall vehicle cost. _ 

(15) The greatest vehicle reliability can be obtained 

within a given time period and dollar cost by using 

multiple engines to achieve a specified thrust level. 
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Discussion of Requirements 

For convenience, the requirements established by 

analysis of the mission profile are regrouped and pre- 

sented below, generally in the order that decisions are 

required: 

(1) Limit values of vehicle thrust to weight ratios: 

(a) Minimum value of 1.0 is required to overcome 

gravitation attraction. 

(b) Maximum value is set by human endurance limit 

and is assumed here to be 9.0. 

(2) Velocity potential requirements: 

(a) Acquisition of 

ft./sec. 

(b) Maneuvering of manned stage to intercept space 

station—900 ft./sec. 

(c) Separating from space station and braking prior 

to re-entry of atmosphere—1,050 ft./sec. 

(3) Vehicle attitude control: 

(a) Propulsion system is required to provide control. 

(b) At least two engines per stage are required. 

(c) Enough control is required to permit safe abort of 

mission by manned stage if one engine fails. 

(4) Propulsion system of upper stages must be capable 

of starting under a vacuum and at zero g condition. 

(5) Manned stage must carry with it all materials 

needed for return to earth. 

The most significant requirement is item 1(a)—the 
requirement of a minimum vehicle thrust to weight ratio 

of 1.0. This limits the propulsion system of the booster 

vehicle to a chemical rocket system. It may appear 

that the possibility of using a thermonuclear rocket has 

been overlooked. However, this is not the case. When 

the weight of shielding required to protect the crew is 

considered, the vehicle thrust to weight is found to be 

less than 1.0. 

A major breakthrough in the science of shielding will 

be necessary to permit the use of a thermonuclear rocket 

propulsion system in this application. (This restric- 

tion does not necessarily apply to vehicles designed for 

operation in deep space, however.) 

Other considerations enter into the choice of the 

actual initial thrust to weight ratio. The lowest ac- 

ceptable value for the first stage is about 1.2 so that the 

vehicle will clear the launcher area in a reasonable length 

of time. An arbitrary value of 1.5 appears acceptable 

and will be assumed here. This would also be compat- 

ible with the “abort’’ requirement (mission profile 

requirement 1). If, for example, four engines were 

used in the first stage, the loss of one unit would reduce 

the thrust to weight ratio to a minimum of 1.12 which 

would allow enough time to start the propulsion system 

of the manned stage and abort safely. The use of more 

than four engines is not desirable because of the ad- 

verse affect on overall system reliability. The initial 

thrust to weight ratio of the second stage can be some- 

what lower since the manned stage will have enough al- 

titude to maneuver in the event of an engine failure. 

A design value of about 1.3 should be an acceptable 

compromise and will be assumed here. 

approximate orbit—29,400 
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The requirement of item 1(b) to limit the maximum 

thrust to weight ratio to 9.0 is not of much practical 

significance except in the case of a single-stage vehicle 

design. Since the final thrust to weight ratio value is 

equal to the initial value multiplied by the stage mass 

ratio, the value of 9.0 would be exceeded unless a large 

range of thrust control were available. However, for 

multistaged vehicles, the limit value of 9.0 does not 

present a serious problem. 

Having established that a chemical rocket propul- 

sion system will be used, the next major decision is the 

propellant combination required. This has the great- 

est effect of any single factor in the vehicle design. The 

launch weight of the first stage required to deliver a 

pound of payload to the space station, the physical 

size of the vehicle required for a given payload, and the 

overall vehicle reliability are all influenced by this de- 

cision. In fact, the vehicle and propulsion require- 

ments are so interrelated (how many stages are re- 

quired, etc.) that they cannot be separated for analysis 

until the propellant combination has been decided. 

The primary parameter in this decision is how much 

velocity the vehicle must acquire to perform the in- 

tended purpose. The velocity values required to ac- 

complish the various phases of the mission are itemized 

in items 2 (a), (b), and (c). 

A few simple equations suffice to evaluate the pro- 

pellant requirements in a preliminary design manner: 

M = exp {AV,/[g. (i + Ie... Iy)]}} (1) 

mo/m, = M exp (AV»,/g.) + 

{M — exp [((AVm + AVs)/ge]} (3) 

SYMBOLS 

g, = gravitational constant at earth’s surface 

I = propellant specific impulse at earth’s surface 

M = mass ratio of stage = mo/m, 
m, = empty mass excluding payload 

m; = mass after consuming propellant 

m, = mass of payload 

mo = initial mass before consuming propellant 
m, = mass of propellant consumed 
AV, = velocity change produced during braking 

AVy = velocity change produced during manuevering 

AV, = total velocity gained (in m stages) in acquiring orbit 

é = m,/m, 

Subscripts 

1, 2,...n refer to number of stages 

Eq. (1) relates the individual stage mass ratio of an n 

stage vehicle to the total velocity acquired and the 

specific impulse of each stage (1, 2,...m). Fig. lisa 
graph of this equation for a range of the variables. 

(This equation assumes that all of the 7 stages are of 

equal mass ratio, which, to a close approximation, is the 

optimum case.) 

Eq. (2), shown on Fig. 2, relates the ratio of the ini- 

tial mass of an individual stage to the payload of that 

stage in terms of the overall stage mass ratio and { for a 

stage in which the only change in mass results from con- 

sumption of propellant. 

Eq. (3) is a special form of Eq. (2) for the manned 

stage in which the payload is removed after some pro- 

pellant has been consumed during manuevering but 

before the propellant has been consumed for braking. 

Calculations for the manned stage are considerably 

more complex than for a simple ‘‘booster’’ stage. 

However, the following artifice may be employed to 

evaluate the effects of a change in propellant combina- 
tion: 

(1) Assume an arbitrary mass ratio and ratio of empty 

to propellant mass for a reference propellant com- 

bination (assumed here to be liquid oxygen-gasoline). 

(2) For these values, calculate the ratio of initial to 

payload mass. 

(3) Calculate the ratio of initial to payload mass for a 

different propellant combination, assuming that the 

stage mass ratio remains constant—i.e., that the change 

in propellant mass is equaled by an adjustment of pay- 

load mass. 

In the following investigation of propellant require- 

ments, two combinations are considered—liquid oxy- 
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gen-gasoline which is used in most available engines, 

especially the high thrust ones, and liquid oxygen - 

liquid hydrogen which is typical of the high energy 

combinations. 

The following list of assumptions completes the 

groundwork necessary to evaluate the propellant re- 

quirements: 

(1) Manned stage: 

(a) M = 1.5. 

(b) & = 1.5 (assumed with liquid oxygen-gasoline 

propellant combination). 

(c) J = 0.9 of theoretical in vacuum (assuming 20:1 

nozzle expansion ratio and 300 psi chamber pressure). 

(2) Intermediate stages operating above atmos- 

phere: 

(a) € = 0.1 with liquid oxygen-gasoline. 

£ = 0.125 with liquid oxygen - liquid hydrogen. 

(b) J = 0.9 of theoretical in vacuum (assuming 20:1 

nozzle expansion ratio and 300 psi chamber pressure). 

(3) First stage: 

(a) € = 0.1 with liquid oxygen-gasoline. 

& = 0.125 liquid oxygen - liquid hydrogen. 

(b) J = 0.85 of theoretical in vacuum (assuming 8:1 

nozzle expansion ratio and 500 psi chamber pressure). 

The assumptions concerning the values of specific 

impulse, nozzle expansion ratio, and chamber pressure 

result in the values shown in Table 1. 

The expansion ratios and chamber pressures were 

chosen arbitrarily but are representative of current 

practice. 

First, the propellant requirements of the stages re- 

quired to deliver the manned stage into the approximate 

orbit will be studied. Referring to Fig. 1, it is evident 

that a velocity potential of 29,400 ft./sec. could not be 

accomplished by one stage since, even if the upper stage 

impulse is assumed, the required mass ratios would 

result in final acceleration values greater than 9.0 (about 

20 and 10 for liquid oxygen-gasoline and liquid oxygen- 

hydrogen, respectively). However, a two-stage vehicle 

using either combination will suffice. 

The ratios of initial to payload mass were calculated 

for the two combinations—from Eq. (2)—using the 

values of empty to propellant mass ratios previously 

assumed. The results are tabulated in Table 2. 

The most significant result from Table 2 is that the 

liquid oxygen-gasoline propellant combination is ca- 

pable of fulfilling the velocity potential and maximum 

acceleration requirements. The engineering-economic 

considerations become paramount and result in a de- 

cision to use the liquid oxygen-gasoline combination for 

these two stages at least. This is indicated because 

available large engines which could be used to power 

these stages use gasoline as fuel. A new propulsion 

system would have to be developed and propellant 

manufacturing facilities expanded if hydrogen were to 

be used in a system of this size. This approach would 

be much more costly and would require a longer de- 

velopment time than would adaptation of existing pro- 

pulsion systems (engineering /economic profile items 2, 

3, 4, 5, 11, and 13). 

The values shown in Table 2 for liquid oxygen - liquid 

hydrogen are of interest chiefly to indicate the reduc- 

tions possible in the initial launch weight by the use of 

higher energy propellants. It is seen that the use of 

liquid hydrogen would reduce the initial vehicle launch 

TABLE | TABLE 2 

Liquid Liquid Oxygen- Liquid Oxygen - 
Liquid Oxygen - Gasoline Liquid Hydrogen 
Oxygen- Liquid : 

Stage mass ratio 3.3 
Gasoline Hydrogen mo/m, first stage 8.65 4.63 

Manned stage 295 405 mo/m, second stage 8.65 4.63 
Intermediate stages 295 405 Overall mo/m, 75.0 21.3 
First stage 262 357 Maximum acceleration 7.65 4.95 
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weight from about 75,000 to 21,300 lbs. to deliver a 

manned stage of 1,000 lbs. weight (at sea level) into the 

space station orbit. 

More latitude is available in the propellant choice for 

the manned stage because of the smaller thrust level 

required. At least preliminary development has been 

accomplished on engines using high energy propellants, 

and existing propellant manufacturing facilities could 

meet the requirements. 

The value of the initial to payload mass ratio of the 

manned stage can be calculated for both the liquid oxy- 

gen-gasoline and liquid oxygen - liquid hydrogen com- 

binations from Eq. (3); these are found to be about 6.0 

and 4.8, respectively. This comparison asumes that 

the same overall mass ratio of 1.5 is used in each case 

and that the difference in propellant mass is equaled by 

an increase in payload—about 25 per cent in-this case. 

The manned stage initial to payload mass ratio can 

be combined with that of first and second stage, and 

calculations can be made to illustrate the magnitude of 

thrust and weights (referred to launch conditions) re- 

quired to deliver two values of payload to a space sta- 

tion. These are tabulated in Table 3. 

Comparing first the case in which equal payloads are 

delivered, it is noted that the improvement in the 

manned stage initial to payload ratio results in a 20 per 

cent reduction in weight in all of the stages. Thus the 

extra cost of development of a small upper stage using a 

high energy propellant probably would result in a lower 

overall system cost because of the weight and cost re- 

ductions which could be realized in the lower, more 

costly stages. Alternately, the design could be based 

on the conventional propellant and could then convert 

to the high energy propellant when the propulsion sys- 

tem development was completed. This would mean a 

parallel development and adaptation program of a 

high energy and conventional propellant engine system. 

The latter is the safer course of action because, if the 

new system did not meet expectations, the mission 

could still be accomplished by the conventional system. 

The converse is not true. 

The remainder of the propulsion system require- 

ments—provide attitude control of vehicle (item 3), 

start under:vacuum and zero gravity condition (item 

4), and provide thrust control capability (item 5)— 

do not present any major, unsolved problems. 

A choice of different means of providing vehicle at- 

titude control is available—gimballing of the engines, jet 
vanes, and jetavators. The first is preferred because it 

is the most developed and reliable system. The re- 

quirement of two or more engines per stage is easily met. 

The vacuum start requirement is not nearly as for- 

midable as the start at a zero gravity condition. Here, 

again, a number of alternatives are available. Small 

solid propellant rockets could be used to provide an 

extremely low level of acceleration to ensure positive 

feed of propellants to the engines. Alternatively, the 

exhaust from a gas generator/turbine unit, used to drive 

the propellant pumps or electrical generating system, 

could provide the small force required. In the manned 

TABLE 3 

Liquid Oxygen- Liquid Oxygen - 
Gasoline Liquid Hydrogen 

Assumed payload weight,* 1,000 1,000 1,250 
Ibs. 

Manned stage, mo/m 6.0 4.8 6.0 
Manned-stage initial 6,000 4,800 6,000 

weight, * lbs. 
Manned-stage thrust, Ibs. 7,800 6,250 7,800 
Second stage, mo/m 1 8.65 8.65 8.65 
Second-stage initialj 

weight, * lbs. 
Second-stage thrust, Ibs. 
First stage, mo/m, 8.65 
First-stage initial 459 ,000 360 ,000 450 ,000 

weight, * lbs. 
First-stage thrust, lbs. 675,000 525,000 

* Values at g. = 32.2 ft./sec.?. 

stage, where the propellant mass is small compared with 

the vehicle mass, the use of low chamber pressure en- 

gines which are fed directly from positive expulsion 

tanks appears advantageous. An additional advantage 

would be realized with this feature—the starting reli- 

ability of a pressurized tank feed system is usually 

greater than that of the turbopump feed system which 

would otherwise be employed. 

The thrust control required to minimize deviations 

from the desired trajectory caused by thrust and specific 

impulse tolerances is small, on the order of +7 per cent. 

Most engines have a thrust level controller with this 
range of control available. Although normally set 

manually on the ground, it could readily be made con- 

trollable during flight. 

Summary of General Propulsion System Features 

In summary, the principal features and parameters of 

a typical propulsion system which would be capable of 

propelling a booster vehicle for space flight in the near 

future are: 

(1) A multistaged chemical rocket propulsion system 

and vehicle will be used. 

(2) It will utilize liquid oxygen-gasoline propellants in 

all stages at first, with eventual replacement in the 

manned stage by a high energy propellant combination 

such as liquid oxygen - liquid hydrogen. 

(3) The engine thrust level will be such as to provide 

an initial thrust to weight ratio of about 1.5 in the first 
stage and 1.3 in the upper stages. 

(4) It will have at least two gimballed engines per 

stage providing attitude control, with possibly as many 

as four in the first stage. 

(5) A moderate amount of thrust control, approxi- 

mately +7 per cent, will be provided to correct for 

normal thrust and specific impulse tolerances. 

(6) The upper stage engines will be characterized by 

higher nozzle expansion ratios than are found on the 

first stage, with values of 20:1 or greater used in the 
manned stage. 

(7) A positive expulsion pressurized tank feed system 

will provide propellants directly to thrust chambers 

operating at low chamber pressure in the manned stage. 

(Continued on page 51) 
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How to Evaluate Engineers 

cine X., the chief engineer of a medium-sized 

engineering staff, has chosen the various department 
heads under him largely on the basis of their education 

and experience. He occasionally gets the impression 

that, though of comparable background, these men 

seem to demonstrate strong differences of ability, both 

in the technical execution of their work and in their 

handling of subordinate personnel; however, he is 

reluctant to accept this fact, because it conflicts with 

his unconscious assumption that men of similar back- 

ground have roughly similar abilities. Thus, when 

disagreements arise among the department heads in 

the normal course of the work he tends to attach equal 

weight to their different opinions, so that his decisions 

reflect the average rather than the best thinking of the 

group—with mediocrity of achievement as the inevi- 

table consequence. Gradually the better men who are 

impatient with poor achievement leave for other 

positions, and the staff settles into mediocrity. 

The above example is all too representative of the 

consequences of inadequate evaluation of engineers. 

The difficulty usually lies in a naive approach to the 

problem of evaluation in which reliance is placed on 

the following two methods: 

(1) The engineer’s experience and background is 

assessed. 

(2) His actual contributions over a period of time 

are evaluated. 

As to (1) it is a matter of common experience, 

and has been concluded in at least one systematic 

study,'! that there is poor correlation between an 

Dr. Ryder is a Member, Scientific Research Staff, Republic 

Aviation Corporation; however, the opinions expressed in this 

paper are his own and do not necessarily reflect the principles 
and practices of Republic. 

The author wishes to thank Dr. Paul C. Buchanan, Industrial 

Psychologist at Republic Aviation Corporation, for helpful criti- 

cism during the preparation of this paper. 
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Realistic evaluation can be accomplished by qualified personnel 

through the use of suitably directed conversations, which 

are readily combined with normal day-lo-day activities. 

Frederick L. Ryder 

Research Engineer 

engineer's actual ability and readily identifiable 

factors in his experience and background such as grades 

in school, type of work previously done, level of 

positions previously held, etc. This fact must be 

faced squarely if engineer evaluation is to improve. 

Turning to (2), we might expect that it would be 

easy to achieve reliable evaluation by simply noting 

the degree of success of each engineer’s work as time 

goes on. However, consider the following practical 

difficulties : 

Engineering projects generally go on for relatively 

long periods of time, so that it is usually impractical 

to defer the evaluation of an engineer until his work 

is fully consummated and can therefore be evaluated 

in a relatively objective manner. 

Most engineering projects involve relatively com- 

plicated problems whose solution represents the co- 

operative effort of various persons, so that it requires 

considerable judgment and technical insight to identify 

and isolate the contributions of different individuals. 

The fact that a project is or is not satisfactorily 

completed within a given time estimate has only 

superficial significance in an evaluation of the engineer- 

ing effort. One must be able to judge how difficult of 

achievement the project was and how reasonable the 

time estimate in view of difficulties (or lack of them) 

encountered in the course of the work. Also, how 

does the final solution of the problem compare to the 

best which can reasonably be expected? 

Therefore, the evaluation of the work of an indi- 
vidual by noting his actual contributions is not at all 

straightforward and, in particular, requires consider- 

able judgment and technical insight. The fact that 

much evaluation is being done by administrators 

without adequate technical background, ability, and 

interest constitutes a serious limitation on engineering 

progress. 
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An incidental result of the difficulty of direct eval- 

uation is to place open to question the evaluation of 

an engineer by his former associates, unless these are 

specifically known to have reliable judgment. 

A PRACTICAL METHOD OF ENGINEER EVALUATION 

Since an engineer cannot be evaluated by merely 

noting his background and experience and since his 

individual contributions are difficult to isolate and 

often require a long time for final consummation, a 

more reliable and practical method of evaluation is 

necessary. The method to be proposed is one which 

is followed intuitively by many people, so that it is 

only necessary to describe explicitly what is already 

being done unconsciously on a large scale. The method 

can be stated very generally as follows: 

By means of suitably directed day-in and day-out 

conversations with the engineer in the normal course of 

business, determine what are his abilities and limitations 

(not to be confused with his actual contributions); these 

will normally be indicative of his future achievement. 

The remainder of this paper describes in detail how 

this method can be carried out. We shall deal sep- 

arately with the three broad categories of technical 

skill, personal temperament, and _practical judgment 

which have previously been shown? * ‘4 to determine 

overall engineering ability, and we shall give examples 

of how these can be explored by suitably directed 

conversation. 

COMPONENTS OF TECHNICAL SKILL AND THEIR 

EVALUATION 

It will be found useful to divide technical skill into 

two major components. 

Encyclopedic Knowledge 

As its name implies, this consists of information 

which in general cannot be deduced by reason but 

must be learned from others and from textbooks. It 

may be said to consist of two parts: 

(1) Understanding of fundamental physical laws 

and phenomena such as Ampere’s law of the relation- 

ship between electric current and magnetic flux; or 

the equation of state of a gas relating its pressure, 

volume, and temperature. 

(2) Knowledge of practical applications such as con- 

ventional television circuitry, or standard practice in 

structural joint construction. 

Problem-Solving Ability 

This is the ability to apply encyclopedic knowledge 

to the successful solution of practical engineering 

problems. It may be thought of as comprising the 

following: 

(1) Analytic ability. This enables the engineer to 

distinguish between the important and unimportant 

aspects of a problem; to formulate the desired results 

in a realistic manner; to idealize the conditions of the 

problem so that they can be expressed in a manageable 

form, whether mathematical or verbal; and to interpret 

the idealized solution in practical physical terms. 

An important component of analytic ability is the 

ability to reach technical conclusions by intuition, 

without the aid of explicit detailed argument. While 

often lacking reliability, intuitive conclusions are 

nevertheless useful in that they are very fast, and serve 

to establish useful directions for systematic analysis. 

(2) Creative ability. This has to do with ingenuity 

and inventiveness, without which analytic ability 

alone, however strong, is rather barren. Most new 

successful devices and methods in engineering are 

not “inventions” by Patent Office standards, but they 

nevertheless represent a creative use of well-known 

fundamentals and principles to achieve some given 

result. 

Examples of Evaluation of Technical Skill 

Consider the case of Henry W., who is devising the 

circuitry for an electromechanical bombsight com- 

puter which will determine the correct aircraft atti- 

tude and bomb-release time required for the bomb to 

strike the target. In conversation with the evaluator, 

Henry is led to describe the behavior of various com- 

ponents of his circuitry in terms of basic electrical and 

mechanical fundamentals and to show how the overall 

circuit meets the various system requirements, as 

deduced by him in impressive detail from the rather 

general and somewhat vague wording in which the 

project needs were originally described. Thus his 
knowledge of fundamentals and his analytic ability 

are proven to be excellent. Further probing reveals 

that his knowledge of conventional design practice in 

such computers is very limited, which may lead to some 

difficulty in specifying the various components in such 

a manner that procurement is convenient and econom- 

ical. He can, however, remedy this difficulty rather 

easily by studying appropriate manufacturers’ cata- 

logues. 

The evaluator then tactfully directs the conversation 

to show whether or not Henry has been ingenious in 

achieving design economy within the limitations im- 

posed by the computer requirements. (A_ typical 

economy might be to replace a component which 

generates the trigonometric function sin x by a function 

which generates kx, where the maximum magnitude 

of x is sufficiently small and k is chosen to get the best. 

match between the two functions over the range of 

operation.) Unfortunately, Henry seems to have 

overlooked this phase of the work, and is at a loss for 

ideas which might form the basis for the desired econ- 

omy. The evaluator explains the importance of design 

economy, and makes a mental note to check the prog- 

ress of Henry’s thinking in this direction in the future. 

As another example consider Martin E., who has a 

good reputation as a practical engineer who can get 

things done in the field of control instrumentation. 

Conversation with Martin reveals that he is in intimate 

touch with conventional practice and has consider- 

able creative ability in that he is rarely at a loss for an 
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approach to a problem. However, it turns out under 

tactful probing that he does not adequately compre- 

hend such basic things as simple electrical circuit 

analysis or the relationships between current and flux 

and between flux and voltage in a transformer, so 

that his knowledge of fundamentals is poor. Further, 

he demonstrates poor analytic ability in distinguishing 

the particular requirements of a specific job from 

conventional requirements. Hence he cannot con- 

tribute strongly to an unconventional assignment, or 

to one where critical analysis leading to optimization 

is important. 

Another example of the evaluation of technical 

skill through conversation, in the form of an actual 

dialogue between the evaluator and an applicant for 

an engineering position, has been given in a previous 

paper.” 

PERSONAL TEMPERAMENT AND ITS EVALUATION 

Psychologists have made a considerable study of the 

manner in which an individual’s personality traits 

evolve under the dynamic conditions of his environment 

and of the ways in which they interact to govern his 

behavior. For simplicity, however, the present dis- 

cussion is limited to a brief description of certain traits, 

considered separately, which are of direct interest in 

engineering work, together with suggestions as to 

how they can be recognized in practice. No specific 

evaluation conversations are given, but it is felt that 

these can be readily generated as needed to meet 

particular situations if the general picture of person- 

ality traits is reasonably well understood. In fact, 

such understanding will often permit evaluations to be 

made by merely listening to and observing the indi- 

viduals in question, since most people are either un- 

aware of their own personality traits or else find it 

difficult to conceal them should they desire to do 

so. 

It is generally ineffective and often dangerous to 

attempt to improve the personality of others under 

the usual conditions prevailing in an engineering office. 

This is a long-range job for a psychologist. 

Initiative—This determines the degree to which an 

individual is ‘‘self-starting.’”’ For example, Fred Y. 

is a young engineer who has been asked by his superior 

to study a transformer manufacturer’s rather com- 

plicated catalog, so that he may relay the information to 

others in an efficient manner. Although not lacking 

in purely technical understanding, he is at a loss as to 

how to proceed and must be guided closely by his 

superior, even to the point of recognizing the necessity 

for learning the code system which is used in the catalog 

to classify the different types of transformers. 

Speed—tIn engineering, as elsewhere, people normally 

have different rates of speed of accomplishment; some 

may work naturally and comfortably at a pace which 

to others seems an agonizing crawl, while some reach 

useful conclusions by rapid intuitive or analytic proc- 

esses. In most lines of engineering endeavor, as for 
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example in development or design, progress consists of 

the execution of a large mass of details, so that speed is 

just as important an ingredient of productivity as in 

other fields. However, except in routine work, the 

measurement of speed cannot be done objectively but 

requires considerable judgment to take into account 

the difficulty of the task accomplished. 

Thoroughness—Harold Z. is charged with the develop- 

ment of a machine for cutting three-dimensional maps 

of selected portions of the earth’s surface out of plaster. 

Harold insists on making a very complete theoretical 

analysis of all aspects of the machine before venturing 

to recommend an overall layout, in spite of the fact 

that time limitations do not permit such completeness 

of analysis. Harold’s excessive thoroughness is rec- 

ognized by his superior, who replaces him by Frank T. 

Frank finds the problem of the general layout of the 

device fascinating and accomplishes it rapidly but 

loses interest when the time comes for supervising 

detail design. As a result, unnecessary troubles which 

are directly traceable to inadequate thoroughness in 

detail design develop in the working model. Eval- 

uation of Frank’s attitude toward detail design could 

have resulted in a prediction of this difficulty. 

Explicitness—Roy W. is discussing the resistance to 

the passage of wire rope over a pulley in a hoisting 

block. He speaks in terms of the coefficient of “rolling 

friction’ of different pulleys and feels no need to men- 

tion explicitly that this coefficient is a mathematical 

fiction invented to take into account the total pulley 

resistance due to all causes including mechanical 

hysteresis and rubbing in the wire strands due to 

bending, as well as rubbing between the shaft and 

journal of the pulley bearing, although he is well 

acquainted with these phenomena. As a result of the 

vagueness of his discussion, the possibilities for de- 

crease of the resistance by suitable redesign are not 

clearly apparent to others who might be able to con- 

tribute in this direction. Another result is to force 

his superior to ask laboriously pointed and detailed 

questions if he wishes to assure himself that Roy really 

knows what he is talking about. 

Ability to Profit by Criticism—John R., a skillful 

and experienced designer of complicated automatic 

machinery, is proud of his ability to the point where he 

resents discussion of his work by his colleagues and 

tends to interpret their comments as destructive criti- 

cism. Hence he is not in a good position to consider 

these comments with a view to extracting whatever 

useful suggestions they may contain and incorporating 

them in his work. 

Another result of John’s undue pride or sensitivity 

is a fear of appearing incompetent by admitting a lack 

of understanding of ideas which he believes, often 

erroneously, are clear to others. This deters him from 

asking those “stupid questions” which are so useful in 

clarifying engineering discussions. 

Open-Mindedness—The most common and important 

obstacle to open-mindedness among engineers is an 

exaggerated attachment to the particular concepts 
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and methods with which they have developed a familiar- 

ity and a corresponding tendency to derogate un- 

familiar practices. For example, in explaining a new 

electrical analog computer for the direct simulation of 

statically loaded structures without the explicit deri- 

vation of the governing equations, a speaker had con- 

siderable difficulty in convincing personnel familiar 

with conventional analog computers, which solve 

explicitly derived equations, that the new computer 

was significantly different. 

Two specific forms of the above general type of 

prejudice are: (1) the feeling by many engineers of 

limited mathematical ability that the systematic use 

of mathematics in engineering analysis is ‘‘long-hair”’ 

and not really practical; and (2) the lack of appreciation 

on the part of many electrical engineers of the im- 

portance and difficulty of good mechanical design. 

Self-Interest vs. Group Interest—An engineer’s self- 
interest, involving such things as job satisfaction, 

friendly surroundings, and advancement in pay and 

position, is often best served by the same behavior 

which is best for the interests of the group of which he 

is a part, namely, by doing his work to the best of his 

ability, and interpreting his job so that it includes 

cooperating with others on technical matters as well 

as maintaining good social relationships with them. 

There are in general two classes of reasons why people 

may fail to act in the above manner. 

(1) Because of personal temperament some engineers 

are hostile toward their colleagues or to management 

and hence cooperate grudgingly, if at all, with their 

colleagues or do as little on the job as they think man- 

agement will accept; or they may have feelings of 

insecurity and try to strengthen their position by not 

sharing their technical results with others and by 

jealously guarding whatever authority they have been 

granted. 

(2) Some may deliberately scheme to advance their 

own interests without regard to the interests of the 

group. This is usually done by building favorable 

personal relationships without regard to, and often at 

the expense of, technical values—in other words, office 

politics. 
Adaptability—No matter how successful management 

is in distributing the work to suit the various interests 

and inclinations of individual engineers, it is still often 

necessary for the latter to work on assignments which 

may be distasteful to them. For example, those inter- 

ested primarily in conceiving and executing “‘hardware’’ 

may be called on to do such paper work as system 

study, or report writing. Those interested mainly 

in initiating new ideas may become involved in the 

detailed fulfillment of those ideas. Those desiring to 

specialize in, say, electronics, may find that they must 

learn something about mechanical design problems in 

connection with the packaging of their equipment. 

The more limited a management is in the choice of 

assignments, the more must engineering evaluation 

concern itself with the greatly varying ability or willing- 

ness of individual engineers to adapt their efforts to 

work requirements which are not in their main line of 

interest and specialization. 

PRACTICAL JUDGMENT AND ITs EVALUATION 

Certain detailed aspects of engineering are almost 

exclusively technical in nature—as for example finding 

the stresses in a structure under given applied loads, or 

finding the currents in an electrical network subjected 

to given voltages. However, as problems become less 

specific and more general, conditions arise where 

practical judgment, which is the ability to deal with 

situations not subject to rigorous quantitative analysis, 

is required. For example, in laying out the instruments 

and controls in an airplane cockpit one must be able 

to evaluate different proposed layouts with regard to 

the complicated and sometimes intangible functions 

which the pilot must perform. 

We shall give two fictitious but representative 

examples of conversations in which an engineer’s 

practical judgment is evaluated by his superior, to- 

gether with conclusions drawn from each conversation. 

Because of the brevity and narrow scope of the examples 

the conclusions must be regarded as tentative. 

John X., an engineering supervisor, has attended 

a meeting at which an airborne navigational device 

has been described to himself and to two members of 

his staff—namely, Charles A. and Walter B. When 

attached to a conventional navigation system in which 

the numerical values of latitude and longitude are 

continuously computed and displayed, the device 

generates a display in which the aircraft is represented 

as a red dot which continuously moves across the face 

of a map, thus giving a pictorial indication of the 

aircraft’s position. John wishes to determine the 

preliminary opinion of his associates as to the possible 

use of the device in a future fighter aircraft with whose 

design they are engaged. He therefore discusses the 

matter with each of them in turn, taking the oppor- 

tunity to evaluate the general soundness of their 

thinking as he does so. 

Conversation With Charles A. 

John X.—Can we talk a little bit about the pic- 
torial navigation display? 

Charles A.—Sure thing. Quite a gadget, isn’t it? 

Should make life a lot easier for the pilot when he has 

his navigator’s hat on. 

John X.—What about the additional errors in- 
troduced? You know the navigation error even 

without the device can be pretty sizeable. 

Charles A.—Well, it’s part of the price you have to 
pay for improved presentation. Think how much 

the pilot would appreciate it—provided it doesn’t 

push something else out of the cockpit that he needs 

more. 
John X.—That’s exactly the point. We know the 

pilot will get a better navigation display, but is it 

enough better to justify the extra cost, weight, space, 

the additional errors, etc.? Suppose we were to 
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investigate this thing very seriously—is there some 

logical way we can take all these factors into account 

and come out with the correct decision? 

Charles A.—The way I see it, if the errors are not 

too large and if you can get the thing into the cockpit 

without knocking something else out, and if the cost 

is not prohibitively large—why not put it in? After 

all, it wi/l help the pilot. 

John X.—O.K., Charlie, we'll go on the basis that 

we're definitely interested in the device, and we'll 

prepare a detailed study of how to work the thing into 

the cockpit. (To himself: I can see Charlie under- 

stands that this thing has many disadvantages along 

with its improved display, but apparently his mind 

is not sufficiently organized to suggest a systematic 

method of determining whether the disadvantages 

outweigh the advantage.) 

Conversation With Walter B. 

John X.—Well, what do you think of the pictorial 

navigation display? 

Walter B.—It’s certainly an interesting device, and 

leads to many questions. For example, how much 

will the new display really help under practical con- 

ditions? How much of a penalty do we have to accept 

in relocating other cockpit instruments to make room 

for this device? What about the weight, cost, and 

reliability of the thing? Et cetera, et cetera. 

John X.—What do you suggest we would have to do 

to investigate this thing seriously? 

Walter B.—I suppose the most logical thing would 

be to sit down and make a list of all the factors in- 

volved and then try to evaluate them. Maybe we can 

get ideas of the real usefulness of the device by talk- 

ing to pilots. From the manufacturer I’m sure we 

can get data on cost, size, weight, accuracy, special 

installation requirements, and if we are very lucky, 

reliability. Then we'd have to take a good look at 

the cockpit and see how badly the overall layout would 

be affected. 

John X.—How do you propose to measure all these 

different factors? Some of them may be rather in- 

tangible. 

Walter B.—Well, if necessary we can assign numerical 

values which denote the net advantage or disadvantage 

of each of the different factors and then add everything 
up to see whether positive or negative overall advantage 

results from putting in the device. But probably 

this won't be necessary—after we get our data together 

the correct decision may be clear to the intuition. 

John X.—O.K., we'll start getting our data to- 

gether. (To himself: This fellow is plenty sharp, and 

practical too. Maybe I should use him more on 

difficult decisions. ) 

Factors TO BE IGNORED IN EVALUATION 

Since true evaluation is difficult, there is a strong 

tendency to replace it by evaluation based on factors 

which are obvious but which, unfortunately, are not 
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directly indicative of engineering ability. These fac- 

tors are often evaluated unconsciously, in which case 

the evaluation may be affected by attitudes and indoc- | 

trinations of which the evaluator is unaware. The 

following are typical: 

General Appearance. There is often an _ uncon- 

scious tendency to favor men of tall and impressive 

build and Anglo-Saxon appearance. 

Facility of Expression. An engineer who can talk 

skillfully on general matters may impress a naive 

evaluator favorably even though he lacks the specific 

qualifications for practical engineering achievement. 

Social Category. This includes the engineer’s back- 

ground and schooling (whether ‘Ivy League’ or not), 

the social position and appearance of his wife, the 

economic and social acceptability of his residence and 

neighborhood, and the way he uses his leisure time 

(for higher positions a golfer or fisherman would be 

preferred to a chess enthusiast). 

Popularity. At the present time many evaluators 

will unfortunately favor a man who achieves popu- 

larity by being careful not to voice a decisive disa- 

greement with others, whereas the man who will agres- 

sively seek technical achievement even though it en- 

tails clearly stated disagreement with his associates 

may fail to advance as rapidly as he should. 

So long as evaluation is based on such factors as 

the above, it is inevitable that some engineers should 

strive to improve their position by deliberately ex- 

ploiting these factors rather than by straightforward 

technical achievement. 

CONCLUSION 

The lack of systematic evaluation, or, what is per- 

haps worse, evaluation based on superficial and non- 

indicative factors, constitutes an important limitation 

on the effective utilization of engineers. Proper 

evaluation should rely on the determination of the 

engineer's abilities and limitations in the areas of 

technical skill, personal temperament, and practical 

judgment, for these abilities and limitations will usually 

furnish the best available indication of his future 

achievement. This method of evaluation is actually 

practiced widely at the present time, but quite often 

without the evaluator’s explicit awareness and with- 

out an appreciation of the strength and versatility of 

the method. 

The evaluation of abilities can be done within the 

framework of the numerous conversations which form 

part of the regular activities of an engineering office. 

The tactful yet searching direction of these conversa- 

tions so as to elicit indicative responses by the evaluee 

places a heavy burden on the evaluator, who must 

himself have good technical insight and practical 

judgment, as well as sound personal temperament, 

plus the ability to express himself with facility on 

both details and generalities, and the ability to draw 

different people out and to appreciate their different 

mental processes and reactions. He must also not be 
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misled by nonpertinent factors such as the popularity 

of the evaluee and his leisure-time interests. 
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Booster Propulsion for Space Vehicles (Continued from page 45) 

CONCLUSIONS 

(1) It is possible to provide a propulsion system for a 

“booster” vehicle for space flight, designed for flight 

between the earth and a permanent satellite space sta- 

tion, at the current state-of-the-art. 

(2) A large potential exists for further improvement 

through research and development activity. 

(3) Future research and development effort will 

probably include the following areas: 

(a) Improve the reliability of the propulsion system 

in general. 

(b) Additional development of a high energy propel- 

lant propulsion system for the upper stage or stages. 

(c) Additional development of positive expulsion 

pressurized tank feed systems for use with small thrust 

engines. 

(d) Development of larger first-stage engines to per- 

mit the design of larger vehicles than now possible, 

without the necessity of using a number of engines 

which are excessive from a reliability consideration. 

REFERENCE 

1 Dillaway, R. B., Propulsion Systems for Space Flight, Aero- 

nautical Engineering Review, Vol. 17, No. 4, pp. 42-49, 52, April, 

1958. 

Aeronautical Sciences will be known as: 

NOTICE 
Consistent with the general trend of Institute coverage, beginning with the July issue, the Journal of the 
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The human and organizational requirements 

that have had to be met in preparation 

for the introduction of the first 

Jet transport into United States 

scheduled air carrier service. 

Carl M. Christenson 

United Air Lines, Inc. 

L. APPEARS that each 15 years of scheduled air carrier 

progress gives us suff cient confidence in the state of the 

arts, the sciences, and the economics of our business to 

project the next phase of development into the per- 

sistent orbit of reality. The confidence with which we 

proceed will be the self-sustaining courage of our con- 

viction and the courage of sympathetic men within our 

system of free enterprise based on the sure and certain 

record of our accomplishments. As in the past, this 

new era will be borne on the strong broad shoulders of 

successful men in business, finance, science, engineering, 

manufacturing, and operations—the same men who are 

the keystone of our vast military experience. 

The arts and sciences should know no single applica- 

tion in our free world even though the degree and scope 

be subject to the prudence of national security. We 

must recognize that the success of our nation’s airlines 

is as much a part of this national security as the ICBM 

because air commerce is a fundamental part of our social 

and economic way of life. One day history will further 

recognize it as the key of the communication which 

helped to resolve the problems of free men, free trade, 

and the leveling of the political and religious philoso- 

phies which create the uneasy peace in which we live. 

Courage of conviction is not always conducive to 

being first when it comes to developing the products of 

science and engineering into usable tools of industry, 

particularly in the public services. As we gain con- 

fidence in the state of the arts and sciences to the end 

that we can find an even balance between safe operation 

and economic operation of a new airplane, then we in 

this country must look to free enterprise for the financial 

support to place the airplane in operation. 

The fact remains that the operating companies have 

supported their statement of conviction by pledging 

some 2 billions of dollars for new equipment and fa- 

cilities with which to usher our industry into the tur- 

bine-engine era of scheduled transportation. This in- 

Updated and revised exclusively for this issue of Aero/Space 

Engineering from the paper of the same title presented at the 

Flight Safety Session, IAS 26th Annual Meeting, N.Y., Jan. 27- 
30, 1958. 

The author is Director of Flight Safety. 
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vestment by free men bears with it the prestige of this 

nation in the competition for domestic and international 

air commerce. Consequently it is not only a matter of 

business at home but one of vast national and inter- 

national importance. Thus the implications of this 

great decision become clear. 

We will soon begin testing the wisdom of our judg- 

ment. We are not the least bit interested in intro- 

ducing the turbine transport as a scientific test of skill, 

as a “‘sputnik’’ to orbit the world of commerce only to 

lose speed and fall to its destruction through an un- 

friendly atmosphere of scientific, engineering, and op- 

erating uncertainty. On the contrary, we are resolved 

that, through the logical and orderly solution of the 

problems associated with the turbine transport, the 

introduction will be the first smooth step in its safe and 

economic operation throughout its fleet history. 

When the Wright brothers first flew, only two men 

were directly and vitally concerned with the project. 

In this phase of aviation history, hardly a person or 

organization within it can escape a partial responsibility 

for its success. An airplane and its operation today are 

so complex in nature that it is difficult to single out the 

interrelations of responsibility. So this is not a job fora 

single company or a single person but one for the 

aviation industry of the United States, including the 

governments of our many states and territories and the 

federal Government. 

If these thoughts are reasonable, then we may well 

ask ourselves this question: How best can we as in- 

dividuals, as an industry, and as responsible govern- 

ment, without stifling the prerogatives of open compe- 

tition, use these next few days to ensure the success of 

this, our greatest step in progress? 

THE MAn 

As in every business, aviation is severely demanding 

of leadership and organization. These demands in- 

crease with size and complication. They become cru- 

cial in the periods of great expansion in the presence of 

tough competition and tight economic situations. All 

three of these situations exist today, and there is every 

evidence that they will continue for the next few years. 
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Where severe demands exist in respect to business, the 

associated government agencies must, of necessity, rec- 

ognize these same factors and gear their thinking, 

planning, and action to them. This dictates that the 

divergent opinions which may exist in business and 

government must be brought under severe and critical 

scrutiny in order that timely solutions may be found. 

In this respect we surely should review our organized 

effort in the critical problem areas to ensure logical and 

expeditious handling. Within the operating company, 

or the manufacturing company, or in the government 

agencies, this means placing the organization on a level 

and in a frame of mind capable of handling and solving 

the basic requirements of the turbine-engine era. 

Since every organization is composed of individuals, 

it follows that each individual has a job to do. An 

organization can plan, train, and provide, but it remains 

for the individual to do his job in a safe, orderly, and 

effective manner. This remains one of the great prob- 

lems of leadership to be completely solved. It appears 

that the most effective approach is through the many 

fruitful methods and techniques of indoctrination di- 

rected toward creating the desire to exercise the essential 

personal disciplines necessary to our business. We 

cannot forget, however, that personal discipline cannot 

exist under, or within, an organization which has no 

discipline. 

The demands of aviation have placed great demands 

on individual selection for the job and training. In the 

past 20 years we have searched diligently through the 

efforts of the many related human sciences for the ideal 

solution of these problems. Frankly we do not, as yet, 

have all the answers to the problems of character, ini- 

tiative, ingenuity, adaptability, capacity, and _per- 

severance. But we do know that a qualified individual 

can be led and trained in a manner which will ensure a 

long and successful career on the job in any phase of 

this business. 

In respect to the man then, we may well direct our 

efforts toward answering these questions: 

(1) Are the key men within our organization equipped 

through training, indoctrination, and inspiration for the 

job of planning, leading, and executing the decisions 

created by the demands of the next 10 years? 

(2) Is our organization developed in a clean, clear-cut 

manner which lends itself to sound leadership, logical 

decisions, and safe economic operation? 

(3) Have we planned and developed our training so 

that our management can manage, our people can work, 

and the entire effort can be directed to objectives and 

success of the operation? 

(4) Do we understand the principles of organizational 

and personal discipline well enough to maintain them at 

a safe and consistent level? 

The answers to these questions will not be found by 

superficial examination because they are often sub- 

merged in those intangible human relations which defy 

casual observation or thought or personal communica- 

tion. While answering these questions, we should bear 

in mind the evolution of our business and the records of 

our past operations. 

THE MEDIUM 

The medium in which we will operate has been ex- 

plored and measuredi n terms of the standard at- 

mosphere. We know the approximate deviations from 

the standard to the extent that we have designed the 

airplane with reasonable intelligence and are in a posi- 

tion to plan reasonably for the variety of conditions 

which will exist in normal operation. Through the 

efforts of the men of science and medicine, dealing with 

every thing from the psyche to the mechanics of the 

human animal, we are rather well informed on the prob- 

lems of the medium and the man with respect to his 

ability to control the machine intelligently while oper- 

ating within it. 

This does not mean that we have no problems. We 

still are unable to anticipate the whims of this restless 

gaseous medium to the extent that we can operate with 

positive regularity or that we can measure, in flight, 

certain dimensions necessary to safety and economics. 

These problem areas are well known but worth repeat- 

ing. They fall into these categories: 

Forecasting 

(1) Upper-air forecasts: We are making progress 

in our ability to forecast those factors necessary to long- 

range flight planning—particularly the presence, ex- 

tent, and location of the jet stream. 

(2) Weather forecasts: We have made little progress 

beyond 85 per cent accuracy in relation to upper air, 

weather, winds, or terminal conditions. The two basic 

problems still are clear air turbulence and terminal fore- 

casts. 

Measurement 

(1) The basic problem is the accurate measurement of 

static pressure which is critically important to altitude 

separation and to automatic data transfer from the air- 

plane to the ground for the requirements of separation 

and air traffic control. 

(2) Temperature measurement: We probably can 

determine air temperature to the precision required to 

fly the jet stream effectively and determine accurate 

air speed. 

(3) We have been unable to measure any form of 

energy (in a practical way which will inform the pilot) 

generated by dry air turbulence. 

(4) We have not developed the devices necessary to 

measure the changes occurring in a local area which de- 

fine the situation with sufficient accuracy for departure 

or termination. 

(5) We have been unable to measure the energy re- 

quirements or determine the processes by which we can 

control the development of fog or low clouds. 

Radar has provided a means of avoiding the most in- 

sidious of the weather phenomena. The current de- 
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velopments of approach and runway lighting will do 

much to relieve the low visibility operation. 

In respect to the medium, we may well ask these 

questions: 

Characteristics of the Medium 

(1) Have we compressed our knowledge of the 

medium into usable and workable information for the 

people who have to operate and maintain the airplane? 

(2) Are we prepared to provide the basic training of 

our flight crews in respect to the characteristics of high- 

altitude flight in regard to perception and decom- 

pression ? 

(3) Are we prepared to forecast on the basis of safe 

and economic operation ? 

(4) What are we going to do about accurate terminal 

forecasting ? 

Measurement 

(1) Will accurate and adequate runway temperature 

measurement be available? 

(2) Will runway visual range equipment be installed 

on the critical airports? 

(3) Will the air data systems installed in the airplanes 

be reliable and accurate? 

(4) Can we depend on the required cooperation be- 

tween civil operators and the military to ensure ac- 

curacy of altimetry, or will it be necessary to make it 

mandatory by regulation that all aircraft operating in 

common airspace be equipped with altimetry accurate 

within + 100 ft. at all altitudes within which common 

operations occur through the speed range of the air- 

plane at those altitudes? 

(5) How can we obtain agreement within the industry 

to adopt constant reference or QNE altimetry setting 

for all cruise altitudes? ; 

These are but a few of the basic questions related to 

the medium with which we are to be confronted during 

the next 10 years. It is true that we knowa lot about the 

medium, but our great need is to learn how to anticipate 

the capricious nature of it and, above all, direct much 

more time, money, and effort to the science and research 

necessary for its control. 

THE MACHINE AND ITS OPERATION 

Here we will take a little license with the Flight 

Safety Foundation’s three Big M’s and add an O for 

operation. The vast difference between man and the 

machine is that man, not God, is responsible for its 

origin. Consequently, we can expect that, from the 

time of conception, to birth, on through to maturity of 

certification and experienced operation, we will find 

frailties of the man expressed in the frailties of the ma- 

chine. Never before in our history have we had the 

benefit of the advances in the state of the arts and sci- 

ences—coupled with long military experience—upon 

which to base the logic of design, manufacture, and 

preparation for operations. 

We are not probing the unknown—we are extending 
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our present operations to a comfortable and conserva- 

tive design and performance envelope. However, we 

cannot assume that this is ‘‘just another airplane.”’ 

The jet transport is another breed of cat as far as the 

scheduled air carriers are concerned. Up to a cer ain 

point, it can be controlled in flight in much the same way 

as the more advanced piston-engine aircraft, and per- 

haps the maintenance is much the same. The impor- 

tant point is that, if we are to operate the jet transport 

with the degree of efficiency, safety, and regularity nec- 

essary to make the operation economically sound, then 

the similarities cease to exist. Based on the existing 

average cost, weight, speed, and people, this is so by a 

factor of approximately twice the cost, twice the weight, 

twice the speed, and twice the people. 

In retrospect, the introduction of previous types of 

transport aircraft has been marred by technical prob- 

lems related mostly to detail design—particularly the 

interrelation of systems and accessory equipment—and 

our inability to ascertain the end results of these prob- 

lems. It is essential that the basic philosophies of de- 

sign and control be carried on through the basic training 

of all personnel using or maintaining the equipment. 

In other words, we must learn to fly and maintain the 

equipment the way in which it is designed and built to 

be operated. Detailing the important elements of the 

training program then becomes a major responsibility of 

the manufacturer and requires an extremely close liaison 

among the engineering, flight test, certification, and 

service organizations through which the training cur- 

riculums are developed. The operator in turn has the 

responsibility of maintaining the integrity of these 

things through flight and maintenance training. 

Coupled with a thorough knowledge of the airplane 

and the ability to control it is the vast area of supporting 

facilities required to operate this new equipment safely 

and efficiently. The two outstanding problems con- 

fronting us are airports and traffic control. It is going 

to take a lot of doing on the part of all concerned to 

solve these problems by 1960 when jet operations will be 

getting into full swing. 

It is important that we make it clear that these prob- 

lems are recognized by all concerned, but they are going 

to require that decisions be made promptly and that 

diverse interests be put aside. 

The most fortunate development in the past 3 years 

is the progress which has been made in both the CAA 

5-year program and the recommendations of the 

Curtis Report. For the first time in over 10 years we 

now have a well-organized and properly financed pro- 

gram designed to resolve several basic problems related 

to both airports and traffic control. Close observation 

of the activities of both the Airways Modernization 

Board and the CAA cannot help but create a feeling of 

high confidence, and I would like to congratulate them 

on aggressive progress based on a practical operations 

and systems analysis of these problems designed to ex- 

pedite the recovery from the sad state of affairs which 

existed 3 years ago. What they need is constructive 

advice and support from everyone in the industry. 
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In many cases we tend to ask for many things from 

responsible government agencies without properly 

stating the needs and requirements; this is the re- 

sponsibility of the user agencies of both civil and mili- 

tary aviation. Our greatest need at this time is to end 

the open controversies and competition for the airspace 

and traffic control within it by the many segments of 

this industry. The air carriers, general aviation, and 

the military all have basic and legitimate claims on this 

common resource, but we cannot find equitable solu- 

tions to these claims by continuing arguments in public 

press and in public meeting or by boycotting meet- 

ings established to resolve them. 

Closely associated with the solution of these problems 

are the costs of them and the desire and willingness to 

control our operations within the limitations of the 

system as it exists. This requires a careful balance be- 

tween the use of the system and the progressive de- 

velopment of it, and it means patience and forbearance 

on the part of everyone in the business. Perhaps the 

policy we can follow is to apply a consistent, but mod- 

erate, pressure to the system to ensure development, 

governing the pressure by close liaison with the capa- 

bility and the capacity of it. 

In respect to the machine and its operation, we may 

well search for the answers to these questions: 

(1) Are the Civil Air Regulations which will govern 

both certification and operations complete and of suffi- 

cient clarity that we can properly apply them? 

(2) Have we developed the interpretation of the reg- 

ulations in such a manner that we are clear on the intent, 

as well as the specific requirements of them? 

(3) How many regulations have we developed in the 

name of safety which are means to other ends or which 

are created for the pure purpose of regulation and will 

evolve into simple economic penalties? 

(4) Will we have a clear understanding of the charac- 

teristics of our airplanes, and will this understanding be- 

come an essential part of our training programs? 

(5) Will the training manuals and the material con- 

tained in them be accurate, pertain to the airplane which 

will be operated, and be ready in time for the final train- 

ing courses? 

(6) Will we have searched, through a coordinated 

program, the problems of systems and accessory failures, 

their effects on the control of the airplane, and, in par- 

ticular, their effect on other systems? 

(7) Are we prepared to state the needs of the airplane 

in respect to airports and the traffic control system? 

(8) Are we clear as to how we will operate the airplane 

within the limitations of the traffic control system? 

(9) Have we organized our flight planning program to 

the extent that we can provide the crew with the infor- 

mation required for a safe and economic operation? 

(10) How are we going to handle alternate operations? 

(11) Are we prepared to handle any emergency which 

will involve up to 150 people and 15,000 gal. of jet fuel? 

(12) Have we prepared a check list of those things 

which experience has taught us will give us trouble, as 

well as those items required for normal operation ? 

We have long taught our flight crews to use a check 

list before take-off and during flight. We can emulate 

this by the preparation of such a list before the maiden 

flight into the turbine-engine era. The questions listed 

here are by no means complete but suggest areas where 

we might take a long hard look; they are questions 

which have been before the United Air Lines Turbine 

Engine Coordinating Committee for over 2 years. 

There is no doubt about the tremendous effort which 

is being made by everyone in the industry to ensure a 

safe and orderly transition to the turbine-engine era. 

There are well-organized programs in effect in practi- 

cally all segments of the industry. This determined 

interest appears to stem from the realization of the tre- 

mendous economic investment, of the pride of accom- 

plishment, and of the great national prestige at stake. 

The purpose here is to suggest that during the important 

days ahead we take time to walk out from among the 

trees to a high hill to take a good thorough look at the 

forest. 

AvuTHoR’s NoTE: Since these thoughts were originally ex- 

pressed in New York, 150 days have gone by. 

No. FF-19 
Aeronautical Lecture 

Member Price $0.75 

No. FF-18 
Breslin 

Member Price $0.75 

No. FF-17 Atomic Reactors (a symposium) 
Member Price $1.25 

No. FF-16 

Member Price $0.75 

IAS PUBLICATIONS AVAILABLE 

Combustion—An Aeronautical Science by H. W. Emmons, The 1958 Minta Martin 

Nonmember Price $1.25 

On the Main Spray Generated by Planing Surfaces by Daniel Savitsky and John P. 

Nonmember Price $1.25 

Nonmember Price $1.75 

Inertial Guidance by W. Wrigley, R. B. Woodbury, and J. Hovorka (This is a revised version 
of IAS Preprint No. 698, presented at the IAS 25th Annual Meeting, now out of print.) 

Nonmember Price $1.25 
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AUXILIARY POWER 
Army’s deadly 

AiResearch units power the contro/s of 

America’s most potent defense weapons 

Key defense and population centers are now 

being ringed with batteries of Army Nike 

Hercules missiles to deter or destroy aggressors. 
Supplying power for flight controls is the 
AiResearch auxiliary power unit pictured above, 
now in production. 

As a member of the Army-industry team pro- 

ducing the Nike Hercules (Army Ordnance, 

Western Electric-Bell Telephone Laboratories 
and Douglas Aircraft), AiResearch was chosen 
to design, develop and manufacture this vital 

accessory power source for the missile because 
of nearly two decades of experience in light- 
weight turbomachinery. 

This experience includes applications utiliz- 
ing solid propellants, liquid mono-propellants, 

bi-propellants, atomic power, cryogenic gases as 
well as gasoline and air. AiResearch’s ability for 
high capacity production as well as in research 

and development, made it the logical choice. 
Garrett’s AiResearch divisions have also 

designed systems and components for 18 other 

missiles and rockets in the U.S. defense arsenal. 
We invite your inquiries. 

ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 

AiResearch Manufacturing Divisions 
Los Angeles 45, California « Phoenix, Arizona 

Systems, Packages and Components for: aiRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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... current literature of aeronautical engineering and space technology 

Tuts SECTION reviews important period- 

icals, technical and research reports, and 

books received in the IAS Library in order 
to provide basic documentation for engi- 

neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 

STRACTS, published as an insert in each 
issue, is an accelerated reviewing service 

covering worldwide scientific and technical 
literature. This work is performed by 

the IAS Staff and is supported by the Air 

Force Office of Scientific Research of the 
Air Research and Development Command. 

A list of the periodicals and reports 

series received in the IAS Library is pub- 
lished semiannually, in the January and 

July issues. 

The Agro/Space ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 

INpEx published since 1947, provides an 

annual cumulation of the materials re- 

viewed in this section. 

THE IAS LIBRARY 

Publications reviewed in this sec- 

tion are maintained by the Library 

for use by the IAS Membership. 

They are nol for sale but are made 

available through the facilities of 

the Library. 

Lenpinc Services: Institute 

members, both Individual and 

Corporate, may borrow periodicals, 

reports, and books for a period of 

2 weeks, excluding time in transit. 

Excepted are certain reference books 

and those IAS publications that 

may be purchased. 

Puotocory Services: The Li- 

brary is equipped to provide, as 

a service, positive photocopies of 

certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 

John J. Glennon, Librarian 
Institute of the 

Aeronautical Sciences, Inc. 
2 East 64th Street 

New York 21, New York 
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Subject Index to Periodicals & Reports 

Acoustics, Sound, Noise............ 58 Machine Elements... 88 
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Air Transportation........... Upper Air Research.............. 92 

Air Conditioning, Pressurization.... 82 92 

Aviation Medicine, Space Medicine.. 82 95 
Human Engineering............... 82 Ram-Jet & Pulse-Jet.............. 95 

Education & Training............... 84 Nonmetalworking................ 96 
Electronics Production Engineering........... 96 

Circuits & Components............ 84° Research, Research Facilities......... 96 
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Acoustics, Sound, Noise 

Jet Engine Noise Suppressor. Aircraft & 
Missiles Mfg., Mar., 1958, pp. 32-34. Descrip- 
tion of the operation and modes of application of 
an exhaust noise suppressor for jet-engine testing. 

Kharakteristika Shuma, Sozdavaemogo Samo- 
letom Tu-104. I. Razumov, V. Kvitka, and G. 
Gubkina. Grazhdanskaia Aviatsiia, Feb., 1958, 
pp. 19-21. In Russian. Presentation of data 
on noise generated by the Tu-104 and II-14 jet 
aircraft and comparison to noise data available 
in the literature. 

Reaction of Sound Waves and Its Application 
for Absolute Measurement of Intensity. Haakon 
Olsen, Werner Romberg, and Harald Wergeland 
Acta Polytechnica, No. 10 (226), 1957. 13 pp. 
Derivation of the force exerted by sound waves on 
a fixed body. The case of a rigid sphere is treated 
in detail, giving the numerical values which are 
necessary for the determination of the absolute 
intensity of a sound wave by means of the thrust 
it imparts to a probing sphere. 

Aerodynamics, Fluid Mechanics 
Sidelights of High-Speed Flight. A. R. Weyl. 

Aeronautics, Mar., 1958, pp. 85-94. 30 refs. 
Description of current aerodynamic research on 
airflow over wing profiles and around intake center- 
bodies, high-speed tests on models, and re-entry 
problems with space vehicles. 

Aerothermodynamics 

Extreme Gyeote and Thermodynamic States in 
Supersonic ight. Klaus Oswatitsch. (ZFW, 
Mar.-Apr., 1956, pp. 95-108.) U. S. NACA 
TM 1434, Apr., 1958. 39 pp. Translation. 

On Heat Transfer in Slip Flow. S. H. Maslen. 
J. Aero. Sci., June, 1958, pp. 400, 401. Dis- 
cussion of slip flow effects on heat transfer and 
skin friction. 

Analysis of a Transpiration-Cooled Hemi- 
sphere-Cylinder. Ch. J. Scott. J. Aero. Sci., 
June, 1958, p. 397. OSR-supported extension 
of the analysis of Stine and Wanlass which pre 
dicts the effect of air injection on the heat-transfer 
distribution over isothermal blunt-nosed bodies 
of revolution. Results are presented for a 
transpiration-cooled hemisphere-cylinder at a 
free-stream Mach Number of 3.6. 

Boundary Layer 
Methods of Calculating Two-Dimensional 

Laminar Boundary Layer in Compressible Flow. 
E. A. Ejichelbrenner. (France, ONERA Pub. 
53, 1956.) Gt. Brit, MOS TIL/T4712, Aug., 
1957. 153 pp. 28 refs. 

An Approximate Boundary Layer Theory for 
Semi-Infinite Cylinders of Arbitrary Cross-Sec- 
tion. E. Varley. (Brown U., Math. Div. Rep., 

1958.) J. Fluid Mech., Mar., 1958, pp. 
601-614. Presentation of an estimate for the 
distribution of skin frictional force per unit 
length and of displacement area on the outside 
of a semiinfinite cylinder of arbitrary cross 
section, moving steadily in a direction parallel 
to its generators. 

Relative Importance of Free-Stream Vorticity 
and Self-Induced Pressure Gradient on a Flat- 
Plate Boundary Layer. Harold Mirels. J. Aero. 
Sci., May, 1958, pp. 339, 340. 

Zur Theorie der laminaren Unterschicht tur- 
bulent hichtstré . Szablew- 
ski. ZAMM, Jan.-Feb., 1958, pp. 77-80. In 
German. Evaluation of the theory of laminar 
sublayers in turbulent boundary-layer flows. 

On the Character of the Instability of the 
Laminar Boundary Layer Near the Nose of a 
Blunt Body. A. M. Kuethe. J. Aero. Sci., 
May, 1958, pp. 338, OSR-supported 
measurement of the hot wire response in the 
boundary layer of a body of revolution. Bursts 
of approximately sinusoidal fluctuations indicate 
that the instability is probably of the Tollmien- 
Schlichting type. The fact that disturbances 
appear and grow at Reynolds Numbers far below 
the critical value given by theory indicates the 
existence of a source of instability which is 
neglected in the theory. It is suggested that this 
hitherto unrecognized source is the stretching of 
vortex filaments in the region of diverging flow 
near the stagnation point. 

Note of the Stabilizing Effect of Centrifugal 
Forces on the Laminar Boundary Layer Over 
Convex Surfaces. Lester Lees. J. Aero. Sci., 
June, 1958, pp. 407, 408. Analysis to determine 
whether the destabilizing effect of the acceleration 
field in a density gradient is sufficient to overcome 
the stabilizing effect of the increasing momentum 
of the fluid in the outward direction. It is con- 
cluded that the strong stabilizing effect of the 
outward increase in angular momentum is always 
dominant in the laminar boundary layer. 

Flow Against a Vertical Plate with Small 
Suction. J.R. Foote. J. Aeros Sci., May, 1958, 
pp. 331, 332. Solution of the Navier-Stokes 
equations for the case of flow with wall suction, 
as typified by flow through a porous cloth. 

A Simplified Form of the Auxiliary Equation 
for Use in the Calculation of Turbulent Boundary 
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Layers. T. J. Black. RAeS J., Mar., 1958, 
pp. 215-219. 10 refs. 

Eksperimental’noe Issledovanie Turbulent- 
nogo Pogranichnogo Sloia pri Bol’shikh Dozvu- 
kovykh Skorostiakh. M. E. Deich and A. E. 
Zariankin. Teplonenergetika, Mar., 1958, pp. 
21-25. In Russian. Experimental investigation 
of the turbulent boundary layer in the case of 
high subsonic velocities. Includes description of 
the test installation and test methods as well as 
results for the Mach and Reynolds Number 
effect on the boundary-layer velocity profile. 

Space-Time Correlations of the Fluctuating 
Wall Pressure in a Turbulent Boundary Layer. 
W. W. Willmarth. J. Aero. Sci., May 1958, 
pp. 335, 336. Measurement of streamwise space- 
time correlations in a low-noise tunnel using 
barium titanate pressure transducers. Results 
are shown for three different Mach Numbers. 

Transformation of the Compressible Turbulent 
Boundary Layer. Artur Mager. (Heat Transfer 
& Fluid Mech. Inst. Meeting, Pasadena, June 
19-21, 1957.) J. Aero. Sci., May, 1958, pp. 305— 
311. 19 refs. Analytical demonstration of the 
transformation of the compressible case to its 
incompressible equivalent. A comparison is 
made between the theoretical and experimental 
results for the skin friction of flat plates and for 
the separation pressure ratio of the turbulent 
boundary layer. An application of the trans- 
formation to the self-preserving boundary layers 
and to the computations of general boundary- 
layer flow is shown. 

Control Surfaces 

Measurements of Two-Dimensional Deriva- 
tives on a Wing-Aileron-Tab System with a 1541 
Section Aerofoil. II—Direct Tab and Cross 
Aileron-Tab Derivatives. K. C. Wight. Gt. 
Brit., ARC R&M 3029 (Mar., 1955) 1958. 28 
pp. l5 refs. BIS, New York, $1.80. 

Flow of Fluids 

Aerodynamic Studies: The Forces Acting on 
an Air Vehicle; A Review of the Literature. 
M. Z. Krzywoblocki. USAF WADC TN 56- 
360, Pt. XVII, July, 1957. 152 pp. 606 refs. 

Fluid Dynamics. Ind. & Eng. Chem., Mar., 
Pt. II, 1958, pp. 525-542. 347 refs. Review 
of the current literature on developments in 
fluid mechanics which includes a comprehensive 
bibliography. Current trends in research are 
also indicated. 

Flows with the Exchange of Mass, Momentum 
and Energy. Jerzy Litwiniszyn. Arch. Mech. 
Stosowanej, No. 6, 1957, pp. 669-683. Modifica- 
tion of the equations of fluid dynamics for the 
purpose of investigating flows in which the 
exchange of mass, momentum, and energy takes 
place between a flowing fluid in a certain region 
and the ambient medium. 

Vertraglichkeitsbedingungen fiir instationdre 
Strémung. Oswatitsch and I. Teipel. 
ZAMM, Jan.-Feb., 1958, pp. 73,74. In German. 
Derivation of compatibility conditions for non- 
stationary flows. 

Reduction of Ikenberry-Truesdell Equations 
to Burnett Equations for Slip-Flow. Hsun-Tiao 
Yang. J. Aero. Sci., June, 1958, pp. 404, 405. 
OSR-sponsored analysis to establish the exact 
equivalence of the second iterates of the Iken- 
berry-Truesdell equations with the Burnett 
equations. 

Some Solutions of the Navier-Stokes Equations 
with Time Dependent Density. R. D. Sullivan 
and C. duP. Donaldson. J. Aero. Sci., May, 
1958, pp. 337, 338. 

A Discussion of Higher-Order Approximations 
for the Flow Field About a Slender Elliptic Cone. 
Roberto Vaglio-Laurin and M. D. Van Dyke. 
J. Fluid Mech., Mar., 1958, pp. 638-644. Com- 
parison between various methods for the calcula- 
tion of the pressure distribution on an elliptic 
cone in supersonic flow. In particular, Ferri’s 
linearized characteristics mettod and Van Dyke's 
second-order slender body solution are discussed. 

Note on the Lift of Slender Nose Shapes Ac- 
cording to Newtonian Theory. J. C. Cole. 
J. Aero. Sci., June, 1958, p. 399. 

Blunt Body Separation at Supersonic Speeds* 
P. F. Brinich. J. Aero. Sci., May, 1958, pp. 336, 
337. Comparison of data obtained by the 
NACA and Cornell laboratories for transition 
locations indicating that the extent of laminar 
flow is greatly diminished when the nose separa- 
tion occurs, and that turbulent heat-transfer 
rates would be encountered over much of the 
afterbody. 

Obtekanie Tsilindra Zapylennym Gazom. 
V. I. Ignat’ev and N. I. Zverev. Teplonener- 
gelika, Mar., 1958, pp. 36-40. 10 refs. In 
Russian. Analysis of the phenomena occurring 
during the flow of a dust-filled gas around a 
cylinder. 

A Method for Measuring the Dynamic Vis- 
cosity & Dynamic Rigidity of Visco-Elastic 
Liquids. I. A. . K. Ibrahim. Phys. Soc. 
Japan J., Mar., 1958, p. 313. 

On Hypersonic Stagnation-Point Flow with a 
Magnetic Field. N. H. Kemp. J. Aero. Sci., 
June, 1958, pp. 405-407. USAF-sponsored anal- 
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ysis of the effect of a magnetic field on the 
inviscid flow at the stagnation point of a blunt 
axisymmetric body in the case of small magnetic 
Reynolds Number. 

Magnetohydrodynamic Analysis of Heat Trans- 
fer Near a Stagnation Point. . Rossow. 
J. Aero. Sci., May, 1958, pp. 334, 335. Analysis 
of a problem set forth by Neuringer and Mcllroy 
using the more approximate method of Rossow 
in order to compare the skin-friction results 
obtained by the two methods. 

Hydromagnetic Effects on Stagnation-Point 
Heat Transfer. J. L. Neuringer and William 
Mellroy. J. Aero. Sci., May, 1958, pp. 332-334. 
Analysis indicating that it is possible to reduce 
the heat transfer at a stagnation point (when the 
gas is ionized) by application of magnetic fields 
normal to the surface. 

Statisticheskoe Obosnovanie Uravnenii Fil’- 
tratsionnogo Dvizheniia. E. M. Minskii. AN 
SSSR Dokl., Jan. 11, 1958, pp. 255-258. In 
Russian. Discussion of the statistical founda- 
tions of the equations of flow through porous 
media. Includes definition of local and filtrating 
velocities, application of Navier-Stokes equations, 
and derivation of Laplace equations pertaining to 
static pressure and pulsating speeds. 

Free Molecule and Newtonian Flows. M. Z. 
v. Krzywoblocki. Jstambul Tek. U. Bul., 1957, 
pp. 36-54. 128 refs. Review of free molecule 
and Newtonian flows as related to the high-alti- 
tude flight phenomena of a vehicle in the domain 
of highly rarefied gases. 

Zasada Pomiar6w Turbulencji za Pomocg 
Anemometru Drucikowego. Franciszek Janik. 
Warsaw Polytech. Inst., Mechanika, No. 4, 1957, 
pp. 20-62. 15 refs. In Polish, with summaries 
in English and Russian. Analysis of the principle 
of turbulence measurements by means of a hot 
wire anemometer. 

Internal Flow 

Raschet Aerodinamicheskikh Reshetok pri 
Bol’shikh Dozvukovykh Skorostiakh. A. N. 
Sherstiuk. Teplonenergetika, Mar., 1958, pp. 
14-16. In Russian. Development of a simpli 
fied approximate method for the calculation of 
potential flow in turbine and compressor grids in 
the case of relatively small pitch. 

Three-Dimensiona! Investigation of Flow in 
Centrifugal Impeller with Straight-Radial Blades. 
Kunio Fujie. JSME Bul., Jan., 1958, pp. 42-49. 

The Wind Tunnel Tests of the Steam- and 
Gas-Turbine Blades. Busuke Hudimoto and 
Shigeo Kubota. JSME Bul., Jan., 1958, pp. 
50-57. 

Mach Reflections in Two-Dimensional Dif- 
fusers from Hydraulic Analogy Experiments. 
E. V. Laitone and J. E. Stout. Jet Propulsion, 
Apr., 1958, pp. 257-259. Experimental deter- 
mination of the separation distance required 
to prevent the formation of a Mach reflection 
between two wedges, representing either a two- 
dimensional diffuser or a Busemann biplane. 
It is assumed that the normal shock wave could 
not have been created if the first expansion wave 
from the shoulder of the wedge were to intersect 
this normal shock wave. 

Experiments on the Turbulent Diffusion in 
Pipe Flow. Atsushi Saima. Nihon U., Res. 
Inst. Tech. J., Dec., 1957, pp. 6-9. In Japanese. 
Presentation of measurements for thermal diffu- 
sivity and momentum diffusivity in fully devel- 
oped pipe flow. 

An Approximate Method for Determining the 
Wave Drag of Axisymmetric Conical Cowls. 
J. W. Brook. J. Aero. Sci., June, 1958, pp. 401, 
402. 

Friction and Heat Transfer in a Rough Table 
at Varying Prandtl Numbers. R. C. Hastrup, 
R. H. Sabersky, D. R. Bartz, and M. B. Noel. 
Jet Propulsion, Apr., 1958, pp. 259-263. Army- 
supported experimental investigation with the 
results presented in terms of heat transfer co- 
efficient C, and the friction coefficient Cy; the 
Prandtl Number range goes from about one to 
seven. The results confirm that the roughness 
increases the heat transfer as well as the friction 
coefficient, but that the ratio C,/C; decreases with 
increasing roughness. The latter effect seemed 
slightly more pronounced at lower Prandtl 
Numbers. 

Flow Measurement by Means of Inlet Nozzles. 
Syoju Itaya and Toshio Takenaka. JSME Bul., 
Jan., 1958, pp. 64-68. Experimental determina- 
tion of the discharge coefficients of inlet nozzles 
to measure air, water, and oil flow quantities. 

Issledovanie Effektivnosti Gazovogo Ezhektora 
s Tsilindricheskoi Kameroi Smesheniia. V. T. 
Kharitonov. Teploenergetika, Apr., 1958, pp. 
29-34. In Russian. Study of the efficiency of a 
gas jet arranged with a cylindrically shaped 
mixing chamber. 

A Note of Sonic Sudden Enlargements. R. H. 
Page. Jet Propulsion, Apr., 1958, pp. 256, 257, 
10 refs. Presentation of a chart to estimate 
ressure ratios across choked abrupt area changes 
ollowed by short tubes. 

Experiments on the Surging of a Blower. 
Yoshinori Shimoyama and Tadaya Ito. JSME 
Bul., Jan., 1958, pp. 57-64. 
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KEARFOTT 

ANALOG-TO-DIGITAL 

CONVERTERS 

TRANSLATE SHAFT ROTATION 

INTO ELECTRICAL AND VISUAL 

DIGITAL FORM 

KEARFOTT DIRECT DRIVE ADAC 

is a shaft-positioned analog-to-digital device 
utilizing coded drums, interconnected by 

high-speed odometer type gearing to provide 
an electrical impulse representing shaft 

position. Available for a wide variety 
of capacities and codings. 

KEARFOTT MECHANICAL COUNTERS 
are used to provide precise visual 

presentations of angular position, latitude, 
longitude, or any information imparted by 

‘shaft rotation. Both types are designed 
to provide long life at maximum 

slewing speeds up to 1800 R.P.M. 

Send for bulletin giving data of « 

KEARFOTT LATITUDE COUNTER 

KEARFOTT ANGLE COUNTER 

KEARFOTT AOAC (215) 32.766 

KEARFOTT ADAC 0° TO 359.9" 

KEARFOTT SYSTEMS INCLUDE: 
Directional Gyro Compass Systems, 
Three Gyro Stable Platform Systems and 
Inertial Navigational Systems. 

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 

Sales and Engineering Offices: 1378 Moin Ave., Clifton, N 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. South Central Office: 6211 Denton Drive, Dallas, Texos 

West Coast ‘Office: 253 N. Vinedo Avenue, Posadeno, Calif. 
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Jet Flaps & Wings 

Nuevas Investigaciones Teéricas sobre el Ala 
con Chorro en Flujo Bidimensional. Willi 
Jacobs. Ing. Aero., Jan.-Feb., 1958, pp. 29-35. 
24 refs. In Spanish. Abridged. Summary of 
recent theoretical on jet wings in 

two-dimensional 

Performance 

A Wind Tunnel Investigation on the Effects 
of Surface Roughness on the Low Speed Stalling 
Characteristics of a Vampire Wing Tip. T. N. 
Pound. Australia, ARL Note A. 166, Jan., 
1958. 21 pp. Description of a brief series of 
tests to check the mode of stall and to determine 
the most effective roughness configuration. 

Stability & Control 

Compacionn of the Static Stability of a 68.7° 
Delta-Wing Model with Dihedral and a Twisted 
and Cambered Wing Model of Li Same 
Plan Form. J. W. Paulson. U.S ACA RM 
L55B11, Apr. 7, 1955. 18 pp. Phat. 3, show 
that, with vertical tail off or on, the model has 
large values of directional stability at high 
angles of attack with 20° and 30° of inboard 
dihedral. 

Effects of Reynolds Number and Leading-Edge 
Shape on the Low-Speed Stability 
of a 6-Percent-Thick weptback 
W. C. Schneider. U.S.. NACA RM L56B14, 
Apr. 18, 1956. 32 pp. Sananaien of force- 
test data for several ranges of Reynolds and 
Mach Numbers showing the effects of changes in 
leading-edge radius on the longitudinal stability 
of a sweptback wing of aspect ratio 3. 

Wings & Airfoils 

Distribucién de la S tacién en Alas con 
Placas en los Extremos. Antonio Castells Be. 
Ing. Aero., Jan.-Feb., 1958, pp. 1-8. In Spanish. 
Calculation of the lift distribution in airfoils with 
infinite end plates using formulas derived by 
Multhopp. 

Poréwnanie Teorii Zukowskiego Silty NoSnej 
Plat6w o Wydiuzeniu Nieskofczonym ze 
manymi Wynikami Do$wiadczeh). Jan Ro§s- 

ciszewski. eg Polytech. Inst., Mechanika, 
No. 3, 1956, pp. 121-132. 14 refs. In Polish. 
Comparison of Zhukovsky’s theory on the lifting 
force of wings of infinite span with experimental 
results obtained in low-turbulence aerodynamic 
wind tunnel. 

Addendum to a Theoretical and Experimental 
Study of the Boundary Layer Flow on a 45° 
Swept Back Wing. J. Walton. Coll. of Aero- 
nautics, Cranfield, Rep. 109 Add., Nov., 1957. 
36 pp. Test results indicating that the trailing 
edge of a swept-back half wing of double elliptic 
section, described previously, is not likely to give 
rise to wake instability. 

Untersuchungen iiber das Abreissverhalten 
von Deltafliigeln in inkompressibler Strémung. 
E. Truckenbrodt and E. G. Feindt. (Braun- 
schweig Tech. Hochschule Inst. Strémungsmech., 
Rep. 57/11a, June 4, 1957.) ZFW, Apr., 1958, 
pp. 97-102. In German. EOARDC- sponsored 
investigation of the stalling characteristics of four 
delta wings with NACA 0012 profiles and different 
aspect ratios, and of one wing with a NACA 
0005 profile. 

Aerodynamic Loading Characteristics of a 
Wing-Fuselage Combination Having a Wing of 
45° Sweepback in Langley 8-Foot 
Transonic Tunnel. D. Loving and C. V. 
Williams. U.S., NACA Tem L52B27, May 19, 
1952. 58 pp. 

Resoetiggtion: of Interference Lift, Drag, and 
Pitching Moment of a Series of ‘Rectangular 
Wing and Body Combinations at Mach Numbers 
of 1.62, 1.93, and 2.41. D. E. Coletti. U.S., 
NACA RM L52E26, Aug. 13, 1952. 74 pp. 
22 refs. 

Investigation of Interference Lift, Drag, and 
Pitching Moment of a Series of Triangular Wing 
and Body Combinations at a Mach mber of 
1. D. E. Coletti. U.S... NACA RM L55B25, 
May 27, 1955. 49 pp. 10 refs. 

The Influence of a Change in Body Shape on 
the Effects of Twist and Camber as Determined 
by a Transonic Wind-Tunnel Investigation of a 

E. Harrison. CA RM _ L53B03, 
14, 1953. 

Aeroelasticity 
Aeroelasticity. R. Bisplinghoff. Appl. 

Mech. Rev., Mar., 1958, pp. 99-103. 33 refs. 
General discussion of aeroelasticity including its 
historical background, operators, and static and 
dynamic phenomena. Aeroelasticity from the 
viewpoint of the aircraft or missile designer, or 
of applied mechanics research, is also con- 
sidered. 

Some Aeroelastic Problems of Tilt-Wing 
VTOL Aircraft. Appendix A—Wing Analysis 
Method. Appendix B—Derivation of Equivalent 
Mass and Mass Moment of Inertia Expressions. 
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R. G. Loewy and R. T. Yntema. (JAS 25th 
Annual Meeting, New York, Jan. 28-31, 1957.) 
AHS J., Jan., 1958, pp. 35-57. 10 refs. 

Freie und erzwungene Schwingungen des 
elastisch gelagerten Balkens. W. Holste. For- 
schung Gebiete Ing., Ausg. A, No. 1, 1958, pp. 
1-14. 13 refs. In German. Investigation of 
the natural and forced oscillations of the elasti- 
cally supported beam. A frequency relation of 
general validity is established in terms of the 
eigenvalues for the special problem. 

Wplyw Matych Zmian Konstrukcyjnych na 
Czestos€ Drgaf Wtasnych. Edward Stankie- 
wicz. Tech. Lotnicza, Jan.—Feb., 1958, pp. 2-6. 
In Polish. Development of a method for calculat- 
ing the influence of small design changes on the 
normal vibration frequencies of beams. 

A Vectorial Representation of Aerodynamic 
Forces Acting on a Thin Rectangular Wing Oscill- 
ating Harmonically in Supersonic Potential Flow. 
, 4 Chawla. J. Aero. Sci., May, 1958, pp. 329, 
33) 

Die gedampfte homogene Schwingungskette. 
A. Weigand. (GAMM, Wissenschaftliche Tagung, 
Hamburg, Apr. 23-27, 1957.) ZAMM, Jan.- 
Feb., 1958, pp. 28-39. In German. Derivation 
of closed expressions for the eigenvalues of a 
homogeneous damped oscillatory chain as well as 
for the amplitudes of forced vibrations and the 
transient process. 

Theoretical Considerations of Flutter at High 
Mach Numbers. H.G. Morgan, H. L. Runyan, 
and Vera Huckel. (JAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 776.) 
J. Aero. Sci., June, 1958, pp. 371-381. 16 refs. 

A Theoretical Investigation of the Oscillating 
Control Surface R 
of Flight Flutter Testing. A/AA ATC Rep. 
ARTC-6, Jan. 15, 1953. 46 pp. 

Gust Alleviation Factor. I-—-Incompressible 
Flow. Effect. III—-Gust 
Loads on Swept Wings (Based on NACA Gust- 
Tunnel Tests). J. K. Zbrozek. Gi. Brit., ARC 
R&M 2970 (May, 1953) 1958. 50 pp. 25 
refs. BIS, New York, $3.15. The influence of 
aspect ratio and the importance of the mass 
parameter and the gust shape on the values of the 
gust alleviation factor are shown. A more direct 
method of gust measurement is suggested. 

Free Vibration of a System of One Degree of 
Freedom with Non-Linear Elastic Characteristic, 
Taking Into Consideration Linear Viscous 
Damping. Roman Gutowski.° Arch. Mech. 
Stosowanej, No. 6, 1957, pp. 647-668. 

Behavior of the Node of an Elastic Beam 
During Stationary Vibration. Seiichi Higuchi 
and Kazukiyo Iinuma. Franklin Inst. J., Apr 
1958, pp. 309-315. Presentation of photographs 
of the movements of the node and its neighboring 
points in an elastic beam at the time of stationary 
vibration. 

Aeronautics, General 

Special Issue: A Review of Canada’s Aircraft 
Industry. Aircraft (Canada), Mar.,; 1958, pp. 
15-88, 118-122. Partial Contents: A Report on 
the State of the Canadian Aircraft Industry, 
R. G. Halford. Canadian Built Aero Engines. 
A Cross Section View of Canada’s Aircraft Indus- 
try. Research & Development. A Rare Bird— 
the Sparrow. 

Retour sur les Principaux Avions et Engins 
Spéciaux Présentés en 1957 A Farnborough. 
G. Bruner. Docaéro, Mar., 1958, pp. 11-28 
In French. Survey of aircraft and special propul- 
= types presented at Farnborough in 

Published Reports and Memoranda of the 
Aeronautical Research Council. Gi. Brit., ARC 
R&M 2850 ge 1957) 1958. 6 pp. BIS, 
New York, $0. 

Glauco Partel. Riv. Aero., 
Apr., 1958, pp. 491-529. In Italian. Historical 
survey of astronautical development covering 
various types of vehicles, propulsion systems, and 
weapons, as well as satellites, their orbits and 
instrumentation, and biological problems of inter- 
planetary navigation. 

Air Transportation 
Lutftverkehr mit Wberschall. Derek Harvey. 

Flug- Revue, Apr., 1958, pp. 9-11, 32. In German. 
Discussion of structural, operational, and eco- 
nomic aspects of supersonic air transportation. 

Airplanes 
pes Mittelstreckenverkehrsflugzeug Boeing 

720. A. Maxam. Flugwelt, Apr., 1958, pp. 
228- 230. In German. Description of the 
medium-range Boeing 720 aircraft, including 
details of structure, power plants, fuel system, 
electric and hydraulic equipment, navigational 
aids, air conditioning and pressurization, and 
deicing systems. 

Lockheed F-104 Starfighter. G. W.Heumann. 
Flug-Revue, Apr., 1958, pp. 22-25. In German. 
Presentation of data on the Lockheed F-104 
Starfighter and discussion of its development and 
military role. 

(Continued on page 82) 

above Mach 6 the 

4 aircraft are different... 

AND SO IS THE AIR 

In the hypersonic regime, between Mach 

numbers of 6 and SO, the ideal gas concept 

of air must be abandoned. 

The high temperatures associated with these speeds break down the oxygen and nitrogen 
molecules, and drastically change the composition and behavior of the air. For example: 
the specific heat can increase by a factor of more than 10, and the molecular weight can 
decrease to less than half of room temperature values. Together with other changes, these 
differences have a marked effect on aerodynamic phenomena. Air is no longer a well-known 
medium at hypersonic speeds, but an entirely different medium whose ramifications are 
just beginning to be recognized. 

Theoretical and experimental studies of this new medium are being conducted at the 
Cornell Aeronautical Laboratory, using a “family” of shock tubes and shock tunnels. In 
addition to basic calculations of thermodynamic properties, the Laboratory program includes 
studies in such areas as: hypersonic nozzle design, relaxation times for dissociation and 
recombination of air above 4000°K, optical radiation of high temperature air, and high 
temperature chemical reactions. 

This work in gasdynamics is typical of the many applied research projects active at C.A.L. 
— stimulating, technically challenging, and professionally significant. Our research program 
is unusually broad in scope, encompassing aerodynamics, flight research, advanced missile 
and aircraft design, and many other areas of modern flight. This broad program, coupled 
with our policy of assigning each staff member in accordance with his individual abilities 
and interests, makes it possible for us to offer outstanding employment opportunities to 
capable and imaginative men. 

ay CORNELL AERONAUTICAL LABORATORY, INC. 
of Cornell University 

CORNELL AERONAUTICAL LABORATORY, INC. 

Buffalo 21, New York 

Please send me a copy of deofR 

DEPA. 

FREE REPORT 

The story behind Cornell 
Aeronautical Laboratory 
and its contributions to 
aeronautical progress is 
vividly told in a 68- 
page report, ““A Decade 
of Research."” Whether 
you are interested in UF j 

C.A.L. as a place to 
work or as a place to TY PuB 
watch, you will find “A Street Lic LIBRARy 
Decade of Research’’ 
both useful and perti- City Zone State 

> 0 Please include employment information. 
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Dr. Barkley, with 19 yearsexperiencein research and re- 
search management, directs and plans all activities listed 
at right—but still finds time for fishing and golfing only 
minutes from home. Dr. Barkley is one of the reasons 
our customers say, “At General Mills, we get results.” 

This General Mills scientist could be solvi 

/n research—meet a man who gets results ... 

one of your major problems right now 

He’s Dr. John Barkley, our director of research. Like all our people, Dr. Barkley wo 
and lives in an atmosphere that is conducive to creative thinking. 

The research department he directs is staffed with highly capable scientists—includ 
several with national and international reputations in their special fields. Our facilities 
modern, efficient and well equipped for carrying out basic studies in frontier fields of scied 

Our research activities cover broad areas in physics, chemistry, mechanics, electronics 
mathematics. Some of the studies representative of these activities are: 

Solid state physics investigation 

Special and ultra-pure materials 

lons in vacuum 

Sputtering by bombardment 

Electron physics 

Surface electron microscopy 

Surface phenomena 

Optics 

Particle mechanics 

Lighter-than-air vehicle concepts 

Meteorology 

We team this research with engineering and fine precision manufacturing to 

Rheology 

Physical Chemistry 

Applications of plastics 

Radiation research 

Magnetic phenomena 

Plasma dynamics 

lon dynamics and propulsion 
Geophysics 

High altitude physics 

Physical instrumentation 

Information theory 

nation’s most exacting customers. We’d like to serve you. 

MECHANICAL DIVISION 
1620 Central Avenue * Minneapolis 13, Minnesota 

the 
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States Air Force. 

Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 
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INTERNATIONAL! 

AERONAUTICAL ABSTRACTS 

A Review of Worldwide Scientific and Technical Literature 

The literature abstracted in this section is available through the lending or photo- 
L copying services of the IAS Library, New York. 

PUBLISHED MONTHLY. BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 

Volume 3, Number 7 

ACOUSTICS, SOUND, NOISE 

ACOUSTIC RADIATION FROM ISOTROPIC 

TURBULENCE. W. C. Meecham andG. W. Ford 

ASA J., Apr., 1958, pp. 318-322. Army-support- 

ed extension of Lighthill's work for low Mach Num-. 

ber turbulence which expresses the acoustic radia- 

tion of turbulent fluid in terms of a fourth-order © 
velocity correlation. Through the use of the Na- 

vier -Stokes equation the relation is put interms of 

the space-time pressure correlation. For very 

large Reynolds Number turbulence (in the inertial 

subrange where Kolmogoroff's similarity princi- 

ples are valid), the pressure correlation is written 

in terms of a function of a single variable. Using 

the similarity result and Lighthill's formulation 
the acoustic self-noise power spectrum is obtained. 

ACOUSTIC STREAMING NEAR A BOUNDARY. 

W. L. Nyborg. ASA J., Apr., 1958, pp. 329- 

339. 27 refs. OSR-sponsored development of an 

approximate solution for sonically-induced steady 

flow near a fluid-solid interface. The result is 

valid, subject to stated conditions, for the flow 

near any portion of surface in the vicinity of which 

the irrotational oscillatory velocity distribution 

ug is known. The principal condition of validity is 
that the acoustic boundary layer parameter (w/es)} 

(where w is the angular frequency and w is the 

kinematic viscosity coefficient for the fluid) should 

be small compared to the scale of uz. The con- 
clusion is reached that small compressible bodies, 

and especially resonant gas bubbles, resting on 

boundaries, are likely sites of pronounced micro- 

streaming in a sound field. 

AERODYNAMICS 

Aerothermodynamics 

ON THE CALCULATION OF EDDY VISCOSITY 

AND OF HEAT TRANSFER IN A TURBULENT 

BOUNDARY LAYER ON A FLAT SURFACE. D. E. 

(97) 

July, 1958 

Bourne and D. R. Davies. Quart. J. Mech. & 
Appl. Math., May, 1958, pp. 223-234. 10 refs. 

Analysis in which the following is assumed to be 

‘known: (a) the main stream velocity and plate 

temperature, (b) empirical formulas for the dis- 

tribution of surface shearing stress andtempera- 

ture in the laminar and transition sublayers, and 

(c) the mean velocity in the fully turbulent, transi- 

tion, and laminar layers. A similarity law for the 

distribution of mean velocity in the fully turbulent 

layer is calculated from empirical formulas, and 

is used in an integration of the boundary layer e- 

quations of mean flows. This enables the distribu- 

tion of Reynolds shearing stress and of eddy vis- 

cosity to be calculated. The distribution of eddy 
heat diffusivity is then available, using Reynolds 

analogy, and the method of calculation developed 

recently by Davies and Bourne is applied to evalu- 

ate rates of heat transfer in the case of air. These 

calculated values are found to be in reasonable 

agreement with measured values given by Elias. 

HEAT TRANSFER FROM SURFACES OF NON- 
UNIFORM TEMPERATURE. D. B. Spalding. 
J. Fluid Mech., May, 1958, pp. 22-32. 18 refs. 

Calculation of steady heat transfer from a surface 

of arbitrary temperature distribution to alaminar 

semi-infinite stream of arbitrary velocity distri- 

bution. An alternative correction reducing the er- 

ror of the Lighthill method to 2.5%, regardless of 

pressure gradient, is described. A method of in- 

tegrating the differential equations representing. 

the growth of the thermal and velocity boundary- 

layer thickness, and the procedure giving the total 

heat transfer rate, are described. Thecalculation 

of the shear force distribution is discussed. The 
effects of pressure gradient and Prandtl Number 

on the rate of growth of the thermal boundary layer 

can be described by a single curvature parameter. 

ANALYSIS OF TURBULENT FLOW AND HEAT 

TRANSFER ON A FLAT PLATE AT HIGH MACH 

NUMBERS WITH VARIABLE FLUID PROPERTIES. 
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R. G. Deissler and A. L. Loeffler, Jr. US,NACA 

TN 4262, Apr., 1958. 6lpp. 33 refs. Extension 
of a previous analysis on a turbulent heat transfer 

and flow in smooth passages to the case of flow 

over a flat plate at high Mach Numbers. Velocity 

and temperature distributions are calculated fora 

boundary layer in which the effects of both friction- 

al heating and external heat transfer are appreci- 

able. The viscosity and thermal conductivity are 

assumed to vary as a power of the temperature, 

while the Prandtl Number and specific heat are 

taken as constant. Skin-friction and heat-transfer 

coefficients are calculated and compared with the 

incompressible values. The relation between 

boundary layer thickness and distance along the 

plate is obtained for various Mach Numbers. 

EFFECTS OF MACH NUMBER AND WALL- 

TEMPERATURE RATIO ON TURBULENT HEAT 

TRANSFER AT MACH NUMBERS FROM 3 TO 5. 

Thorval Tendeland. US, NACA TN 4236, Apr., 

1958. 46 pp. 19 refs. Evaluation of heat-transfer 
data from temperature time histories measured 

on a cooled cylindrical model with a cone-shaped 

nose and with turbulent flow. The experimental 

data is compared with calculated values using a 

modified Reynolds analogy between skin friction 

and heat transfer. Theoretical skin-friction coef- 

ficients are calculated using the method of Van 

Driest and the method of Sommer and Short. The 

heat-transfer data obtained from the model is found 

to correlate when the T' method of Sommer and 

Short is used. The increase in turbulent heat- 

transfer rate with a reduction in wall to free- 

stream temperature ratio is of the same order of 

magnitude as has been found for the turbulent skin- 

friction coefficient. 

STAGNATION-POINT HEAT TRANSFER TO 

BLUNT SHAPES IN HYPERSONIC FLIGHT, IN- 

CLUDING EFFECTS OF YAW. A. J. Eggers, IJr., 

Frederick Hansen, and B. E. Cunningham. US, 

NACA TN 4229, Apr., 1958. 54 pp. 19 refs. De- 

velopment of an approximate theory for predicting 

the rate of heat transfer,emphasizing the case 
where wall temperature is small compared to stag- 

nation temperature. The theoretical heat-transfer 

rate at the stagnation point of a hemispherical body 

is found to agree with available experimental data. 

The effect of yaw on heat transfer to a cylindrical 

stagnation region is treated at some length, and it 

is predicted that large yaw should cause sizable 

reductions in heat-transfer rate. 

Boundary Layer 

NOUVELLE METHODE APPROCHEE DE CAL- 
CUL DES COUCHES LIMITES LAMINAIRE ET 
TURBULENTE EN ECOULEMENT COMPRESSI- 
BLE; CAS D'UN GRADIENT DE PRESSION; PAR- 

TICULARITES - EXEMPLES. Alfred Walz. 
France, Min. de l'Air PST 336, 1957. 48 pp. ll 
refs. SDIT, 2, Av. Porte-d'Issy, Paris 15, Frs. 

900. In French. Development of a new approxi- 
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mate method for the calculation of laminar and 

turbulent boundary layers in compressible flow. 

The study of the boundary layer in the vicinity of 

a separation point leads to the derivation of simple 

relations for the boundary-layer thickness and 

profile parameters. The relationship between the 

derived parameters and such values as the thick- 

ness and friction coefficient is established. Nu- 

merical examples include: (a) verification of cri- 

teria for the turbulent separation in the case ofan 

NACA profile; (b) general analysis of the eventual 

separation of laminar and turbulent boundary layers 

with pressure gradient due to the interaction of a 

shock wave; and (c) calculation of the boundary 

layer and of friction coefficients for a rocket with 

a given external velocity profile. 

APLICAREA METODEI PROFILELOR TIP DE 
VITEZE $I TEMPERATURI LACALCULUL STRA- 

TULUI LIMITA DE PE UN CORP DE REVOLUTIE. 

St. Savulescu. Stud. Cerc. Mec. Aplic., No. 4, 

1957, pp. 975-982. In Rumanian, with summaries 
in French and Russian. Extension of the method 

for calculating the two-dimensional boundary-layer 

characteristics to the three-dimensional case of 

bodies of revolution. The case of a laminar com- 

pressible boundary layer with mass transfer from 

a cylinder is also considered. 

APPLICAZIONE DEI METODI INTEGRALI 

ALLO STUDIO DEI MOTI DISSIPATIVI LAMINARI 

DI MISCELE BINARIE IN ASSENZA DI REAZIONI 

CHIMICHE. Amilcare Pozzi. (15th Natl. Aero- 

tech. Congr., Cagliari, Sept. 25-29, 1957.) L'Ae- 

rotecnica, Dec., 1957, pp. 311-320. 13 refs. In 

Italian. Presentation of a method for studying the 

laminar motion of a nonreacting binary gas mix- 

ture. The equations determining the boundary lay- 

er with fluid injection and the mixing of two non- 

reacting gases are derived on the basis of an ex- 

tension of the Prandtl boundary-layer theory. The 

equations are integrated, introducing polynomial 

expressions for velocity, mass concentration, and 

stagnation enthalpy profiles. The investigation 

covers general boundary conditions. 

EFFECTS OF FIXING BOUNDARY-LAYER 

TRANSITION FOR AN UNSWEPT-WING MODEL 

AND AN EVALUATION OF POROUS TUNNEL- 

WALL INTERFERENCE FOR MACH NUMBERS 

FROM 0.60 TO1.40. L. S. Stivers, Jr., and 

G. W. Lippmann. US, NACA TN 4228, Apr.,1958& 

37 pp. 10 refs. Investigation showing that the ef- 

fects of fixing transition are very pronounced on 

the pitching-moment and lift curve slopes at tran- 

sonic Mach Numbers, but were small at Mach Num 

bers above about 1.15. For the fixed-transition 

condition the variations with Mach Number of the 

pitching-moment and lift curve slopes are much 

smoother than for the free-transition condition. 

Within the range of the test Reynolds Numbers the 

effects of fixing transition remained qualitatively 

the same. The results indicate that, for tests. at 

transonic Mach Numbers of scale models with un- 

(98). 
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swept wings, it is important to fix transition at 
locations corresponding to those expected in flight. 

An evaluation is also made on the interference of 

porous walls in a transonic wind tunnel utilizing 
the fixed-transition data for the different-sized 

models. 

THE SMALLEST HEIGHT OF ROUGHNESS CA- 
PABLE OF AFFECTING BOUNDARY-LAYER 
TRANSITION IN LOW-SPEED FLOW. A. M. O. 
Smith and D. W. Clutter. Douglas Rep. ES-26803, 
Aug. 31, 1957. 116 pp. 31 refs. Determination of 
the critical roughness height over a large range 

of Reynolds Numbers, and establishment of a 

method for correlating the critical roughness 

heights with flow parameters. Critical heights for 
three types of roughnesses are found; these are 

two-dimensional, three-dimensional, and the sand- 

paper type. A comparison of four experimental 

methods of locating transition are made, and all 

are found to be in satisfactory agreement. Results 

show that the effect of critical roughness on tran- 
sition is primarily a function of the roughness 

Reynolds Number, with its value depending greatly 

on shape. The two-dimensional roughness intro- 

duces larger disturbances than the three-dimen- 

sional and is, therefore, more critical. 

TURBULENT SHEARING STRESS IN THE 
BOUNDARY LAYER OF YAWED FLAT PLATES. 
Harry Ashkenas. US, NACA TN 4140, Apr., 1958. 

58 pp. 15 refs. Presentation of hot-wire ane- 

mometer measurements of the turbulent shearing 
stress for plates with angles of yaw of 0° and 45°. 
Measurements of the intensity of turbulence were 
made simultaneously with the shear measure- 

ments. The measured velocity profiles are used 

to calculate the shear distribution and the resultis 

compared with that of experimental shear meas- 
urements. The unyawed flat-plate data agree 

well with the calculated results, whereas the 45° 
data are apparently not amenable to calculation. 

Control Surfaces 

LIMITES D'APPLICATIONS DE LA THEORIE 
DE LA LIGNE PORTANTE AU CALCUL D'AILES 
D'AVIONS MUNIES DE SPOILERS. André Fau- 
quet. France, Min. de l'Air BST 120, 1957. 73 pp 
SDIT, 2 Av. Porte-d'Issy, Paris 15, Frs. 1, 500. 

In French. Experimental investigation to deter- 

mine the limits of application of the lifting line 
theory to the calculation of wings with spoilers. 

Previously obtained results on lift, drag, androll- 
ing and yawing moment of rectangular wings are 

extended to cover smaller aspect ratios and spoil- 

ers located nearer the leading edge. Aspect ratios 

of 5,4, and 3 are used and the distances between 

the spoiler and the leading edge are 10%, 20%, 30% 
40%, 60%, and 80% of the chord. It is shown that 
the two quantities used in the previous calculation 

(the ratio of the lift coefficient variation and the 
profile drag) are modified by the presence of the 

spoiler and vary with incidence. A comparison of 
experimental results, including the pitching mo- 

(99) 

ment not covered by the theory, with those of theo- 

retical calculations is made. 

Flow of Fluids 

METHODES THEORIQUES D'ETUDE DES E- 
COULEMENTS SUPERSONIQUES. P. Carriére. 
France, Min. de l'Air PST 339, 1957. 236 pp. 

28 refs. SDIT, 2, Av. Porte-d'Issy, Paris 15, 

Frs. 3,000. In French. Development of the the- 

ory and methods for the calculation of nonviscous. 

supersonic flows based on the method of charac- 

teristics. Includes review of the one-dimensional 

theory, shock-wave theory, study of plane flows 
by Busemann's method, general method of charac- | 

teristics applied to rotating flows, and study of 
boundary conditions in epicycloid coordinates. Ap 

plication to plane, conical, and rotating flows (air 

intakes and nozzles, in particular):is also includ- 

ed. Tables and diagrams are provided for the nu- 

merical calculation. 

ON THE NON-LINEAR MECHANICS OF HY- 
DRODYNAMIC STABILITY. J. T. Stuart. J. 
Fluid Mech., May, 1958, pp. 1-21. 19 refs. Study 
of the mechanics of disturbance growth under su- 

percritical conditions in Poiseuille flow between 

parallel planes, and in flow between rotating cyl- 

inders. The nonlinear terms of the equations of 

motion are discussed, and the connection between 

linear and nonlinear instability theories are clari- 

fied. Experiments show that, in the case of flow 

between rotating cylinders,the development of tur- 

bulence takes place fairly slowly as the Reynolds 
Number is raised. The distorted mean flow inthe 
equilibrium state and the torque required to main- 

tain the cylinders in motion can be calculated. The 

Reynolds stress is the fundamental consequence 

of nonlinearity. Measurements of the torque for 

the case when the inner cylinder rotates and the 

outer cylinder is at rest show good agreement. 

CALCULATIONS OF UNSTEADY VISCOUS 
FLOW PAST A CIRCULAR CYLINDER. R. B. 
Payne. J. Fluid Mech., May, 1958, pp. 81-86. 
Method using a step-by-step integration of Helm- 

holtz's vorticity equation to calculate the starting 

flow past a cylinder for Reynolds Numbers 40 and 

100. The vorticity generated at the cylinder is 

transported towards the rear stagnation point induc- 

ing a reversed flow on the cylinder. The general 
features of the flow, including the formation ofthe 
eddies attached to the rear of the cylinder, are de- 
termined, and the drag calculated. At the two 

Reynolds Numbers the starting flow is similar,ex- 

cept that vorticity for R = 40 is spread over a 

larger area than for R= 100. 

INCOMPRESSIBLE FLOW PAST QUASI-CYLIN- 
DRICAL BODIES AND SOME ASSOCIATED PROB- 
LEMS. L. E. Fraenkel. Quart. J. Mech. & Appl 

Math., May, 1958, pp. 212-222. Presentation of 
a method for calculating the incompressible flow 
past slender bodies of revolution with discontinu- 
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ous profile slope at zero incidence. The problem 
is reduced to the study of a cylindrical harmonic 

G)(x, r), whose normal derivative on a cylinder of 

unit radius is + 1/2. More general boundary con- 
ditions are satisfied by superposition. This func- 

tion is used to derive a first approximation solution 

for bodies of discontinuous profile slope. 

EXPERIMENTAL STUDY OF THE EQUIVA- 

LENCE OF TRANSONIC FLOW ABOUT SLENDER 

CONE-CYLINDERS OF CIRCULAR AND ELLIPTIC 

CROSS SECTION. Appendix - WIND-TUNNEL IN- 

TERFERENCE AT TRANSONIC MACH NUMBERS. 

W. A. Page. US, NACA TN 4233, Apr., 1958. 

45 pp. 2l refs. Experimental evaluation of the 
transonic slender-body theory for the case of a 

‘flat, winglike, elliptic cone-cylinder and of a cir- 

cular cone-cylinder.. It is determined that the 

flow about the two models is closely related in 

the manner predicted by the theory, the relation- 

ship persisting over a Mach Number range of 0.92 

to 1.05. It is shown that the lifting forces on the 

elliptic cone-cylinder vary linearly only over the 

small angle-of-attack range of approximately h°, 

and that the aerodynamic loading at sonic speed 

compares favorably with Jones' slender-wing theo- 

ry. Results indicate that at transonic speeds and 

at small angles of attack the calculation of all aer- 

odynamic characteristics of slender, three-dimen- 

sional shapes can be made by use of transonic slen- 

der-body theory when the pressures of the equiva- 

lent body are known. 

THE PARABOLOID OF REVOLUTION IN SUB- 
SONIC FLOW. M. D. Van Dyke. J. Math. & 
Phys., Apr., 1958, pp. 38-51. 19 refs. Analysis of 

the flow using three different methods: (1) second- 

order small-disturbance theory, (2) second-order 

slender-body theory, and (3) the Janzen-Rayleigh 
expansion in powers of M2, including terms of MZ 

and + 1)M*. Advantage is taken of the inter- 

connections between these three different approxi- 

mations. Unlike the small disturbance or slender- 

body series, the Janzen-Rayleigh expansion is u- 

niformly valid throughout the flow field, being in 

fact most accurate near the stagnation point. It 
therefore complements the other two approxima- 

tions. All three methods are believed to converge 

only for purely subsonic flow. 

EXPERIMENTAL INVESTIGATION OF THE 
DRAG OF FLAT PLATES ANDCYLINDERSIN THE 
SLIPSTREAM OF A HOVERING ROTOR. J. W. 
McKee and R. L. Naeseth. US, NACA TN 4239, 

Apr., 1958. 42 pp. Experimental study of the drag 

of flat plates and cylinders in the slipstream of a 

rotor for the condition of hovering away from the 

effect of the ground. Models as large as one with 

an area equal to 0.212 rotor disk area and a span 

equal to the rotor diameter were tested in a range 

of distances from the rotor of 0.10 to 1.33 rotor 
radii. Models tested and the test procedure used 

are described. Results indicate that the drag for 

locations closer than one-quarter rotor radius is 

dependent on total energy in the slipstream rather 
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than on the dynamic pressure. At distances greater 

than one-quarter rotor radius, the model drag is 
mainly determined by the summation of the product 

of incremental area and dynamic pressure, the 

higher drag effects shown for wider chord models 
and for models spanning the rotor disk being unex- 

plained. 

SCURGEREA SUPERSONICA OMOGENA DE 
ORDIN SUPERIOR IN JURUL UNEI ARIPI UNGHIU- 
LARE PREVAZUTA CU PLACA NORMALA, Elie 
Carafoli and Béatrice Horovitz. Stud. Cerc. Mec. 

Aplic., No. 4, 1957, pp. 959-974. 10 refs. In 

Rumanian, with summaries in French and Russian. 

Study of the supersonic flow around a triangular 

wing within the limits of the theory of higher order 
homogeneous motions. The problem is reducedto 

the derivation of the expression for the axial com- 

ponent of the turbulent velocity on the wing and 

the plate. The Euler formula is used and the case 

of second-order homogeneous flow around a cru- 

ciform wing is treated to illustrate the application. 

FRAGMENTATION OF WATERDROPS IN THE 
ZONE BEHIND AN AIR SHOCK. Appendix A - 
LOSS OF WATER PER UNIT TIME FROM THE 
MOVING BOUNDARY LAYER. Appendix B - FLAT- 
TENING OF THE WATERDROP WITH TIME. Ap- 
pendix C - TOTAL FORCE ACTING ON THE WA- 
TERDROP. O. G. Engel. J. Res., Mar., 1958, 

pp. 245-280. 24 refs. WADC-sponsored investi- 
gation made on the fragmentation of two waterdrop 

sizes after collision with air shocks which are mov- 

ing at three different supersonic velocities. The 

results indicate that high-speed-rain-erosion dam- 

age should not be observed on spheres having a 
diameter as large as four feet and moving with a 
Mach Number in the range of 1.3 to 1.7 in rain that 

has a drop diameter of 1.4 mm. Waterdrops of 

this size should be reduced to mist in the zone of 

separation between the detached shock and the sur- 

face ofthe sphere according to the reported results. 

A means to extend this protection to spheres of 

smaller diameter or to rain of larger size is point- 

ed out. 

MAGNITNAIA GIDRODINAMIKA. V. M. El'zas- 

ser. Uspekhi Fiz. Nauk., Mar., 1958, pp. 529- 
588. 146 refs. 
dynamics covering the basic magnetic concepts, 

magnetohydrodynamic waves, turbulence and insta- 

bility, formation of cosmic magnetic fields, secular 

variation of the Earth's magnetic field, paleomag- 
netism, solar and astral magnetism, and fields in 
the rarefied cosmic gas. 

INTERACTION BETWEEN GRAVITATIONAL- 

CAPILLARY AND MAGNETOH YDRODYNAMIC 

WAVES. M. F. Shirokov. (Zhurnal Teoret. i 

Exper. Fiz., July, 1957, pp. 67-71.) Sov. Phys. - 

JETP, Jan., 1958, pp. 50-54. Translation. Dem- 

onstration of the uniqueness theorem tor the solu- 

tions of the hydrodynamic equations for an incom- 

pressible strongly conducting ideal liquid. A pro- 

(100) 

In Russian. Study of magnetohydro- 
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at 

cedure to determine the Walen solution for gravi- 

tational-capillary and magnetohydrodynamic waves 

is shown. Relations for the stability conditions 

and the penetration depth are derivéd for potential 

and vortex harmonic waves. It is shown that the 

strongest effect on the concentration of the poten- 

tial magnetohydrodynamic waves in the surface 

layer is that due to the capillary forces, and that 

the current density for the potential surface waves 

is exactly zero. 

MIXING AND CHEMICAL REACTION IN THE 
LAMINAR WAKE OF A FLAT PLATE. S. I. 
Cheng and A. A. Kovitz. J. Fluid Mech., May, 
1958, pp. 64-80. 10 refs. OOR-sponsored solu- 
tion of the problem using the boundary-layer ap- 

proximation. The mixing without chemical reac- 

tion is solved in terms of a "universal solution" 

for a given initial temperature ratio and Prandtl 

Number from which the solution for arbitrary tem- 

perature ratios can be obtained. The mixing with 

chemical reaction is solved for the first twoterms 

of an assumed series solution for the temperatures. 

Arbitrary constants are determined from boundary 

conditions. The axial distance from the trailing 

edge to the first local temperature maximum is 

given in terms of the initial conditions and is shown 
to be greatly shortened by the presence of the vis- 
cous wake as compared with nonviscous mixing. 

HEAT TRANSFER TO A GAS-PHASE CHEMI- 
CAL REACTION. William Schotte. Ind. & Eng. 
Chem., Apr., 1958, pp. 683-690. 16 refs. Ex- 
perimental and theoretical investigation to deter- 

mine heat-transfer coefficients for flow with gas 

phase instantaneous reactions. Calculated effec- 

tive thermal conductivities and effective specific 

heats are used in conventional heat-transfer cor- 

relations, and methods for obtaining these effec - 
tive physical properties are described. Experi- 

mental wor’. on heat transfer to dissociating nitro- 

gen tetroxide shows good agreement between meas- 

ured and predicted heat-transfer coefficients. 

Both laminar and turbulent flow regions are cover- 

ed in the investigation. 

ON THE EFFECTIVE FIELD IN A PLASMA. 
B. B. Kadomtsev. (Zhurnal Teoret. i Exper. 
Fiz., July, 1957, pp. 151-157.) Sov. Phys.-JETP, 
Jan., 1958, pp. 117-122. Translation. Computa- 

tion of the effective field acting on charged parti- 
cles in a plasma by using Bogoliubov's method. 

The triple function is expressed approximately in 

terms of binary ones. An expansion is introduced 
in establishing the connection between the effective 
and the average fields; only first order correction 

is considered. It is concluded that in a plasma 

the effective field coincides with the average field 
under the condition nD?» 1, n being the density of 
particles and D the Debye radius. In the equilibri- 

um state a correlated electron "cloud" is formed 

near each ion. This "cloud" is displaced with re- 

spect to the ion, producing an additional field di- 

rected oppositely to the average field, when an 

electric field is applied. 

(101) 

TRANSPORT PHENOMENA IN ACOMPLETELY 

IONIZED TWO-TEMPERATURE PLASMA. Apper 

dix - CALCULATION OF MATRIX ELEMENTS. 

S. I. Braginskii. (Zhurnal Teoret. i Exper. Fiz., 

Aug., 1957, pp. 459-472.) Sov. Phys.-JETP, 

Feb., 1958, pp. 358-369. Translation. Presenta- 
tion of a system of transport equations for a plas- 

ma consisting of electrons and one kind of positive 

ions placed in an electric and magnetic field. The 

system includes the continuity equations, equations 

of motion, and the equation of heat transport for . 

electrons andions. The case of arbitrary ratio of 

the particle collision frequency to the Larmor fre- 

quency is considered. The method given by Chap- 

man and Cowling is somewhat modified to obtain 

a separate system of transport equations for each 

plasma component. 

INTERACTION OF CYLINDRICAL SOUND 

WAVES WITH A STATIONARY SHOCK WAVE, 

W. R. Johnson and Otto Laporte. Phys. Fluids, 

Mar.-Apr., 1958, pp. 82-94. Investigation by a 

method analogous to that used by Weyl in the 

treatment of radio waves. The incident cylindrical 

sound wave is represented as a superposition of 

plane sound waves of varying direction. Each of 

the plane waves in this superposition interacts 

with the shock giving rise to a previously determin- 

ed distortion of the shock front and a reflected or 

refracted wave field; the cylindrical wave causes 

a disturbance which may be written in integral 

form as a superposition of these plane waves. The 

resulting interaction integrals are evaluated as- 

ymptotically to give explicit formulas for the dis- 

tortion of the shock, the sound field, and the entro- Po 

py-vorticity wave. 

TRANSITIONAL CORRECTION TO THE DRAG 
OF A SPHERE IN FREE MOLECULE FLOW. 
R. M. L. Baker, Jr., and A. F, Charwat. Phys. 

Fluids, Mar.-Apr., 1958, pp. 73-81. 16 refs. 
Analysis of the mechanics of collisions between 

molecules in front of a sphere moving at hyperve- 

locity through a rarefied atmosphere. The study 

is concerned with the "transitional" regime in 

which molecules emitted by the surface begin to 

shield the body from the oncoming Newtonian 

stream and the net drag decreases from its free- 
molecular value. It is found that a simplified but 

physically significant model can be formulated, 

and that it leads to a dependence of the drag coef- 

ficient on two transition parameters. These can 

be interpreted as the Reynolds Number and the 

surface-to-free-stream temperature ratio. The 

predictions of the theory agree qualitatively and 

in order of magnitude with observations. 

OBSERVATIONS OF TURBULENT-BURST GE- 
OMETRY AND GROWTH IN SUPERSONIC FLOW. 
C. S. James. US, NACA TN 4235, Apr., 1958. 
85 pp. 13 refs. Study in which some aspects of 
the mechanics of boundary-layer transition have 

been deduced from a shadowgraph study of free- : 

flight models at free stream Mach Numbers be- i 
tween 2.7 and10. That part of the transition 
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process between the first appearance ofturbulence 

vortices and the end result of continuously turbulent 

flow is found to occur in supersonic flow in a man- 

ner closely similar to its observed occurrence in 

subsonic flow. Minute spots, or bursts, of turbu- 

lence form near the leading edge and are sweptaft. 

The rates at which these bursts form and grow are 

found to vary gradually with Mach Number, unit 

Reynolds Number, and surface roughness. 

INTERAZIONE TURBOLENTA DI DUE COR- 

RENTI COSTITUITE DA GAS DIVERSI. L. G. 

Napolitano. (15th Natl. Aerotech. Congr., Ca- 
gliari, Sept. 25-29, 1957.) L'Aerotecnica, Dec., 

1957, pp. 301-310. 12 refs. InItalian. Determi- 

nation of the turbulent mixing of two streams of 

different gases. It is shown that the problem can 

be reduced to the solution of an ordinary differen- 

tial equation. Two series solutions are given for 

the case where the density profile is a quadratic 

function of the velocity profile. The first three 

terms of both series are given in analytical and 

tabulated form. The accuracy of the solution is 

checked against some exact solutions obtained on 

an electronic computer. 

ON THE DECAY OF HOMOGENEOUS TURBU- 

LENCE BEFORE THE FINAL PERIOD. R. G. 

Deissler. Phys. Fluids, Mar.-Apr., 1958, pp. 

111-121. 10 refs. Analysis using a three-point cor- 

relation equation to obtain a relation for thetriple 

correlations applicable at times before the final 

period of decay. In this case the equation is made 

determinate by neglecting the quadruple correla- 

tions. The correlation equations are converted to 

spectral form by taking their Fourier transforms. 
Expressions are obtained for the energy transfer 

function, which describes the transfer of energy 

from large to small eddies, and for the energy 

spectrum function which gives the contributions of 

the various eddy sizes to the total energy. By in- 

tegrating the energy spectrum over all wave num- 

bers (or eddy sizes) a decay law is obtained. Com- 

parison with experimental data indicates good a- 

greement for times considerably before, as well 

as during, the final period. 

Internal Flow 

A THEORY OF THIN AIRFOILS, ISOLATED 

AND IN CASCADE, YIELDING FINITE PRESSURES 

AT SMOOTH LEADING EDGES. R. A. Fanti, 

N. H. Kemp, and E. N. Nilson. J. Aero / Space 
Sci., July, 1958, pp. 409-424. 20 refs. Descrip- 

tion of a method, based on the complex variable 

approach, for finding a flow past arbitrary airfoils 

of small but finite thickness and camber. The ap- 

plication of a boundary condition [v = u (dy/dx)] 
somewhat different from the classical one [v = V 
(dy/dx)] leads to an integral equation for the veloc- 
itv distribution, which, when solved by iteration, 

yields results which compare well with exact solutions. 
In particular, this boundary condition avoids the 

leading edge singularities which occur when the 
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classical condition is used. It is shown that for a 

given airfoil the solution of one singular integral 

equation will give the velocity distribution at all 

angles of attack with good accuracy, even near the 
leading edge. 

SOME FURTHER RESULTS ON THE BENARD 

PROBLEM. W. H. Reid and D. L. Harris. Phys. 

Fluids, Mar.-Apr., 1958, pp. 102-110. 12 refs. 

Extension of the exact solution of the sixth-order 

differential equation which governs the stability of 

a viscous fluid contained between two rigid walls 

and heated from below to include detailed results 

on the curve of neutral stability and the cell pat- 

tern at the onset of instability. Two approximate 

methods of solution are then discussed which em- 

ploy a Fourier or Fourier-type expansion and 

which require the solution of a fourth- or a second 

order differential equation. Comparison with the 

exact solution indicates the Fourier expansion 

method has a better accuracy than the Fourier- 

type expansion. 

AN APPROXIMATE METHOD FOR DESIGN OR 

ANALYSIS OF TWO-DIMENSIONAL SUBSONIC- 

FLOW PASSAGES. Appendix A, B - DERIVATION 

OF VELOCITY EQUATION. Appendix C - CON- 

STRUCTION OF PRECOMPUTED CHART FOR SE- 

LECTED UPSTREAM MACH NUMBER. Appendix 

D - DETERMINATION OF AN AVERAGE RADIUS 

OF CURVATURE. E. F. Valentine. US, NACA 

TN 4261, Apr., 1958. 38 pp. Development of a 

method for the design and analysis of two-dimen- 

sional subsonic-flow passages with isentropic non- 

viscous flow. The method is based on the relation 

between the pressure change across a stream tube 
and the centrifugal force resulting from the curva- 
ture of the flow. The method is limited by the ac- 
curacy with which the radius of curvature of the 

stream lines can be determined. In an example 
the method is applied to the design of an expanding 

elbow at each of two Mach Numbers. Two elbow 

contours and their surface pressure distribution 
are obtained. 

SPREADING OF SUPERSONIC JETS FROM 

AXIALLY SYMMETRIC NOZZLES. C. J. Wang 

and J. B. Peterson. (ARS Semi-Annual Meeting, 
San Francisco, June 10-13, 1957.) Jet Propulsion, 

May, 1958, pp. 321-328. Formulation of the meth- 

od of characteristics for computing the flow field, 

and presentation of the finite-difference character- 

istic equations, the machine programming, and 

the equations of the shock wave. Calculations of 

jets issuing from two types of nozzles at various 

Mach Numbers into a still or moving medium at a 

wide range of pressures are given. Thenumerical 

computation procedure is briefly described. Re- 

sults show that an increase in the exit Mach Num- 

ber, or in the Mach Number of the external stream, 

tends to decrease the jet divergence. Ata fixed 

point relative to the nozzle, the gas density is 

maximum when the jet boundary passes through 

the point. 
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THE EFFECT OF SHOCK WAVES ON THE 

ISENTROPIC EFFICIENCY OF CONVERGENT - 

DIVERGENT NOZZLES. B. W. Martin andF. J. 

Bayley. RAeS J., May, 1958, pp. 377-382. Deri- 

vation of isentropic efficiency and discussion of 

the factors influencing it. It is shown that the pres- 

sure ratio for minimum efficiency increases from 

0.528 at unit area ratio to 0.626 at infinite area 
ratio. The influence of the ratio of specific heats 

is given by an equation. A correlation with condi- 

tions for oblique and normal shock waves is made. 

The efficiency contour indicating the extent of dif- 

ferent types of flow is represented graphically. 

Conclusions indicate that: (1) a normal shock 

within the divergent cone can bring about a lower 

nozzle isentropic efficiency than a normal shock 

standing at the nozzle outlet; (2) an oblique shock 
may give rise to a lower nozzle isentropic efficien- 

cy than a normal shock at the nozzle outlet. 

TRANSONIC DRAG OF SEVERAL JET-NOISE 

SUPPRESSORS. W. J. North. US, NACA TN 

4269, Apr., 1958. 34 pp. Description of tests 
conducted with one-fifth scale suppressors over a 

range of Mach Numbers from 0.65 to 1.10 anda 
range of nozzle pressure ratios from 1.0 to 6.0. 

Total and component drag coefficients for the vari- 

ous models are presented andthe propulsive-thrust 

losses calculated. Results indicate that the eight-lobe 

nozzle with ejector caused the greatest drag. The 

cruise propulsive-thrust loss for the tube nozzle 

and the eight-lobe nozzle with ejector should be 

about 61/2% of the net thrust of the standard nozzle. 
The standard nozzle with ejector and the lobe nozzles 

cause a 3% or 4% loss. 

Stability & Control 

COMPARAISON DE QUELQUES METHODES 

D'ETUDES DE LA STABILITE TRANSVERSALE 

DANS LE CAS PARTICULIER D'UN PLANEUR A 

AILE DELTA. Michel Scherer and Simone Walden, 

La Recherche Aéronautique, Jan.-Feb., 1958, pp. 

7-13. In French. Comparison of methods for 

studying transverse stability in the case of a delta 

wing glider. The response of the model to differ- 

ent degrees of sideslip was measured in a wind 

tunnel by méans of the global method and then cal- 

culated from the linearized equations of motion. 

Includes evaluation of the global method; some 

extensions are indicated. 

THE PRESENT STATUS OF AIRCRAFT STA- 

BILITY PROBLEMS IN THE AEROELASTIC DO- 

MAIN. Appendix - ELASTIC-INERTIA COUPLING 

TERMS IN THE "SEMI-RIGID" EQUATIONS OF 

LONGITUDINAL MOTION OF A FLEXIBLE AIR- 

CRAFT. A. S. Taylor. Gt. Brit., RAE TN Aero. 

2538, Dec., 1957. 29 pp. 22 refs. Discussionof 

recent developments in the study of the effects of 

structural flexibility on aircraft stability and con- 

trol emphasizing dynamic stability. Both theoret- 

ical and experimental work is reviewed to assess 

the importance of these effects and to establish 

(103) 

how elaborate a mathematical treatment has to be 

in order to predict them with reasonable accuracy. 

The advantages of an integrated approach to this 

and associated aeroelastic problems, whereby the 

solutions to several related problems may be ob- 

tained as special cases of a more generalized prob 

lem,are described. 

Wings & Airfoils 

MINIMUM DRAG AT SUPERSONIC SPEEDS 

FOR CYLINDRICAL RING WINGS OF SPECIFIED 

VOLUME OR BASE AREA AT ZERO LIFT. R. M. 

Licher. Douglas Rep. SM-22995, Nov., 1957.19 

pp. 13 refs. Calculation of minimum drag of a 

constant chord wing for a given total volume in 

two cases: (a) a restricted optimum when no radial 

force is carried, and (b) the optimum when radial 
forces are allowed. Since this is a spatial config- 

uration,there can be favorable interference be- 

tween the thickness and radial force distributions, 

and it is shown thatunder some optimum conditions 

it is possible to have a ring wing with zero drag. 

The minimum drag for a given base area is also 

calculated for a ring wing, and it is shown that 

there is no interference drag between this andthe 

previous cases. 

A GEOMETRICAL PROBLEM RELATED TO 

THE OPTIMUM DISTRIBUTION OF LIFT ON A 

PLANAR WING IN SUPERSONIC FLOW. Appen- 

dix - THE AVAILABILITY OF THE OPTIMUM 

HAYES' CUTS AND THEIR ANALYTIC CONTINU- 

ATION. E. W. Graham. Douglas Rep. SM-23020, 

Nov., 1957. 18 pp. 19 refs. Analysis considering - 

planar wings in which an explicit expression is de- 

rived for a lift or thickness distribution in terms 

of its known Hayes' projections and their analytic 

continuation. Emphasis is placed in finding opti- 

mum distributions of lift from their known projec- 

tions. 

CALCULATION OF OPTIMUM LIFT DISTRI- 

BUTION FOR THE SONIC-EDGE DIAMOND PLAN- 

FORM WING FROM SPANWISE MOMENTS OB- 

TAINED FROM THE CORRESPONDING ARTIFI- 

CIAL SINGULARITY DISTRIBUTION. B. J. Beane, 

Douglas Rep. SM-23017, Dec., 1957. 14 pp. Com- 

putation of the spanwise moments, up to the fourth 

moment, of the optimum lift distribution. The op- 

timum loading is represented by a fourth-order 

polynomial which gives these known moments at 

every chordwise station. The lift distribution 

formed in this way is compared at a few points 

with that obtained by another method; they both 

agree. A graphical representation of the optimum 

local lift distribution and of the span loading ob- 

tained from the present method compares favorably 

with the known exact span loading. 

APPROXIMATION OF OPTIMUM LIFT DISTRI 
BUTIONS FROM THEIR SPANWISE MOMENTS. 
E. W. Graham. Douglas Rep. SM-23021, Dec., 
1957. ll pp. 10 refs. Presentation of a method 

for approximating the optimum distribution of lift 
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or volume for a planar wing using information con- 

tained in the solution of the potential flow problem. 

The artificial singularity distribution is employed, 

utilizing the Hayes' cuts (or projections of the op- 

timum lift distribution) which must be the same as 

the known artificial distribution. The moments 

for the lift and the artificial distribution can be 

found by successive integration and differentiation. 

NEUSTANOVIVSHIESIA DVIZHENIIA KRYLA 

KONECHNOGO RAZMAKHA V SZHIMAEMOI 

SREDE. E. A. Krasil'shchikova. AN SSSR Otd. 

Tekh. Nauk Izv., Mar., 1958, pp. 25-32. In Rus- 

sian. Investigation of the turbulent motion of a 

compressible fluid due to transient motions of a 

thin finite-span wing. The solution of boundary 

problems is obtained by means of a method devel- 

oped previously for the plane parallel transient 

case. Includes derivation of a solution for all 

types of transient wing motions when the basic ve- 

locity is supersonic and the end effect, as well as 

the effect of the eddy system in the region behind 

the wing, have no influence on its surface. 

CALCULATION OF DERIVATIVES FOR A 

CROPPED DELTA WING WITH AN OSCILLATING 

CONSTANT-CHORD FLAP IN A SUPERSONIC 

AIR STREAM. J. Watson. Gt. Brit., ARC R&M 

3059, 1958. 34 pp. BIS, New York, $2.16. Deri- 
vation of the lift, pitching, and hinge moments 

for a delta wing with trailing-edge flap of constant 

chord when the wing is at zero incidence in a su- 

personic air stream and the flap oscillates har- 
monically with small amplitude and low frequen- 

cy. The aerodynamic coefficients for the case of 

a full-span control are calculated, and the extension 

to partial-spancontrolsis given. The derivatives 

for the delta wing of aspect ratio 1.8 and taper ra- 

tio 1/7 with inboard or outboard controls are tabu- 

lated. The accuracy of the results and the ranges 

of Mach Number for which they apply are discussed 

A graphical representation of the variation of the 

hinge-moment derivatives with frequency and of 

the derivatives with Mach Number is made. 

REPARTITION DE PRESSION SUR UNE AILE 
DELTA A SECTIONS TRANSVERSALES ELLIPTI- 
QUES. L. Cabot and J.-P. Guiraud. La Recher- 

che Aéronautique, Jan.-Feb., 1958, pp. 3-5. In 
French. Comparison between the Jones-Ward 

theories and experiment covering the pressure 

distribution on a delta wing with 60° sweep, ellip- 

tical cross section, lenticular median profile of 

10% relative thickness at M = 1.1 without incidence. 
The comparison includes results of the theory of 

homogeneous motion as well as the result of a cor- 

rection rule, using the velocity values from the 

Jones-Ward theory in order to calculate the pres- 

sure coefficient C, by means of the exact ratio of 

velocity and pressure in an isentropic flow. 

AN EXTENSION OF THE LINEARIZED THEO- 
RY OF SUPERSONIC FLOW PAST QUASI-CYLIN- 
DRICAL BODIES, WITH APPLICATIONS TO 
WING-BODY INTERFERENCE. R. C. Lock. J. 
Fluid Mech., May, 1958, pp. 33-63. 15 refs. 
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Development of a method allowing more rapid and 

accurate calculations to be made of the overall 

forces and moments acting on a restricted class 

of wings mounted on quasi-cylindrical bodies. Two 

examples applying this method are studied: (1) the 
effect of an arbitrary body distortion on static sta- 

bility at supersonic speeds; (2) the effect of wing- 

body interference on rectangular wings mounted 

on a cylindrical body. The results for double 

wedge and biconvex parabolic sections are compar- 

ed with those of the supersonic area rule. The 

numerical discrepancy in the total wave drag of 

the wings for aspect ratios covered by the present 

method is found to be small. 

AEROELASTICITY 

PRELIMINARY STUDY OF ATMOSPHERIC 

GUST CONDITIONS AT LOW ALTITUDE. J. O. 

Barrett. USAF WADC TR 57-253 [AD 142015], 
Oct., 1957. 92 pp. 18 refs. Establishment of 

data reduction techniques and test procedures for 

statistically evaluating the atmospheric turbulence 

found at low altitudes; both power spectral and 

probability analysis techniques were used on the 

data. Two basic methods for experimentally de- 

termining a power spectral density representation 

of gust vertical velocity are investigated. The 

first, a transfer function method, involves com- 

puting the output power spectrum of an aircraft 

response parameter and then removing the air- 

plane dynamic response characteristics, using a 

theoretically computed transfer of frequency re- 

sponse function. The second method, a direct 

method, involves measuring the motions of the air 

relative to the aircraft and of the aircraft relative 

to the ground; gust velocity is the difference be- 

tween these motions. The conclusions drawn indi- 

cate that the direct method, together with certain 

instrumentation and flight test techniques, can be 

used for statistically evaluating low altitude at- 

mospheric turbulence. 

EFFECT OF RIB FLEXIBILITY ON THE VI- 
BRATION MODES OF A DELTA-WING AIRCRAFT. 
W. D. Kroll. J. Res., Apr., 1958, pp. 335-341. 

Study to determine the effect of decreasing the 

number of ribs or making the ribs more flexible 

on the vibration modes and frequencies of a delta- 

wing aircraft. The vibration modes andfrequen- 

cies of the basic wing and of four modifications 

are computed. Results indicate that rib stiffness 

has little effect on the critical flutter speed of the 

delta-wing, and that modifications similar to those 

investigated would not appreciably affect the air- 

plane's vibration characteristics. 

AIRPLANES 

AERODINAMICHESKAIA KOMPONOVKA 
SVERKHZVUKOVOGO SAMOLETA. R. I. Vino- 
gradov and A. P. Bogdanov. Vestnik Vozdushnogo 

Flota, Apr., 1958, pp. 55-63. In Russian. Eval- 
uation of various aerodynamic configurations for 

supersonic aircraft and discussion of the effect of 

design parameters in different velocity regimes, 
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Presented including the related drag problems. 

are such types as the delta and arrow shaped wing 

aircraft, straight and disc shaped wings, jet wing, 

coleopters, and types with boundary layer control. 

FUELS & LUBRICANTS 

INFLUENCE DE LA TEMPERATURE ET DE 

LA PRESSION SUR LES DELAIS D'ALLUMAGE 

D'HYPERGOLS. H. Moutet, A. Moutet, and M. 

Barrére. France, ONERA NT 45, 1958. 22 pp. 

12 refs. In French. Investigation of temperature 

and pressure effects on ignition delays of hyper- 

golic fuels. Measurements are performed under 

conditions similar to those encountered during ig- 

nition in rocket combustion chambers at high alti- 

tude. Such parameters as pressure and tempera- 

ture are studied separately and simultaneously on 

pure substances (xylidine, triethylamine, furfuryl 

alcohol) and mixtures. The evolution of chemical 

reactions preceding the ignition is also analyzed 

for various operating conditions. 

INSTRUMENTS 

THE DESIGN AND TESTING OF BAROMETRIC 

TYPE ABSOLUTE ALTIMETER WITH A ATMOS- 

PHERIC TEMPERATURE CORRECTION ME- 

CHANISM. Lin Shih-Nge. Scientia Sinica, Jan., 

1958, pp. 121-130. Theoretical discussion of the 

possibility of introducing an atmospheric tempera- 

ture correcting mechanism into the ordinary al- 

timeter to compensate for the error due to atmos- 

pheric temperature variations so that the altime- 

ter can indicate the absolute altitude directly. A 

typical design for the barometric type absolute al- 

timeter is presented. Flight testing results are 

given in tabular form. Results indicate that the 

error due to hysteresis and friction is considerably 

reduced and that the absolute altimeter readings 

coincide with the theoretically calculated values 

within an error of 3%. 

NOTE SUR LES DEBITMETRES MASSIQUES 

ET LES METHODES DE MESURE IDIO ET 

HETERO-ENERGETIQUES. E. Gaignebet. La_ 

Recherche Aéronautique, Jan. -Feb., 1958, pp. 27- 
36. In French. Discussion covering the operation 
of mass flowmeters and methods for measuring 

separate and mixed energies. The advantages of 

an additional energy content for measuring the 

flow energy rate are shown, the principles under- 

lying such a system are outlined, and some typical 

installations using the method are described. 

MATERIALS 

Nonmetallic Materials 

CONSTITUTION DES COLLES ET PROPRIETE 
DES JOINTS COLLES. L. Doussin. France, 
ONERA NT 43, 1958. 18 pp. In French. Investi- 
gation (a) to determine the relationship between 
the properties of plastic materials used in the 

composition of phenolic-resin-based glues and the 
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characteristics of glued joints, and (b) to derive the 

formulas for phenolic glues which harden at a 

temperature below 135°C. and under low pressure. 

Includes description of methods used in static and 

constant-load tests on metal-metal glued joints. 

MECHANICS 

TENSOR ANALYSIS OF FINITE ROTATIONS. 

I - POSITION- TENSOR TRANSFORMATIONS, AND 

APPLICATIONS TO AIRCRAFT MANOEUVRES. - 

E. H. Bateman. Aircraft Eng., May, 1958, pp. 

126-130. Method in which the orientation of a rigid 

body is described by a position-tensor, composed 

of three unit vector axes fixed in the body; rotation | 

is effected by tensor transformations in which a 

rotational operator is a Cartesian matrix, formed 

from the coordinates of the pivotal axis and com- 

ponents of the angle of rotation; rotational se- 

quences are represented by matrix products. Three 

practical applications are discussed: (1) sequences 

of aircraft maneuvers, which include composite 

rotations of roll and pitch, or roll, pitch,and yaw 

applied simultaneously; (2) the variation of sweep, 
incidence and dihedral of a wing moving on any 

axis fixed in the aircraft; (3) the direction of the 

pivot axis and the angle of rotation in the motion 

of a retractable undercarriage between two speci- 

fied positions. 

MISSILES 

O RESHENII ODNOI VYROZHDENNOI VARIA- 

TSIONNOI ZADACHI I OPTIMAL'NOM POD'EME 

KOSMICHESKOI RAKETY. V. A. Egorov. Prikl. 

Mat. i Mekh., Jan.-Feb., 1958, pp. 16-26. In 
Russian. Derivation of a solution of the Mayer 

problem for Pfaff's equation used in the selection 

of a rocket trajectory for a given altitude and max- 

imum speed. Includes formulation and evaluation 

of the problem, indication of the reducibility of 

such problems as optimum fuel consumption inthe 

case of rectilinear motion, optimum trajectories 

in the vertical plane for finned bodies with a given 

thrust regime, and frictionless motion of a rocket 

along a specific acceleration path. 

UNBEMANNTE FLUGKORPER. H. L. Hibbard. 
(AFZ Meeting, Stuttgart, Nov. 8, 1957.) Luft- 

fahrttechnik, Apr. 15, 1958, pp. 98-103; Discus- 

sion, pp. 103, 104. In German. Discussion of 

problems created by the development of unmanned 

vehicles, in particular, aerodynamics and propul-. 

sion. Includes evaluation of the effect of high 
temperatures and velocities, trends in the rocket- 

propulsion development, and analysis of the mag- 

netohydrodynamic theory. 

GUIDANCE AND CONTROL PROBLEMS IN THE 
AIR FORCE BALLISTIC MISSILE PROGRAM. I. 
J. C. Fletcher. Aero / Space Eng., June, 1958, 
pp. 65-68, 71. Discussionon initial guidance prob- 
lems, equipment design, and some future trends. 

The principal problem in inertial guidance is that 

of constructing a high-precision electromechani- 
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cal system to measure on-board acceleration com- 

ponents. The three basic elements of the system 

are (1) accelerometers, (2) the gyro-stabilized 

platform, and (3) the computer. The accelerome- 

ters are characterized by three sources of error: 

variation in scale factor, zero drift, and linearity. 

The gyro stabilized platform can be characterized 

by its angular drift rate, which can be made pri- 

marily that of the stabilizing gyros to which the 

platform is tightly slaved. By careful considera- 

tion of accelerometers and gyros, a specific ori+ 

entation of the platform can be chosen with respect 

to the applied average direction of thrust, which 

minimizes the effect of applied acceleration onthe 

resultant miss distance. 

NUCLEAR ENERGY 

Propulsion 

PERSPEKTIVY ISPOL'ZOVANIIA ATOMNOI 

ENERGII V GAZOTURBINNYKH SILOVYKH US- 

TANOVKAKH ZAMKNUTOGO TSIKLA. A. I. 

Mikhailov. AN SSSR Otd. Tekh. Nauk Izv., Jan., 

1958, pp. 113-119. ll refs. In Russian. Discussion 

of possible applications of nuclear energy to clos- 

ed-cycle gas-turbine power plants, including re- 

sults of comparative analyses of a system with so- 

dium cooling for the reactor when using helium, 

nitrogen, an carbonic acid gas as working fluid. 

DIE EIGENSCHAFTEN VON WASSERSTOFF 

UND WASSER ALS ARBEITSGASE FUR KERNE- 

NERGETISCH BEHEIZTE RAKETENTRIEBWERKE. 

Irene Sanger-Bredt. Astronautica Acta, Fasc. 4, 

1957, pp. 241-280. 33 refs. In German. Experi- 

mental investigation of the properties of hydrogen 

and water vapor in terms of their application as 

working fluids in rockets. Enthalpy-entropy dia- 

grams are computed for both gases taking into ac- 

count dissociation, as well as ionization, over the 

pressure range between 10*! and 10-5 atm. , and 

within the temperature range between 500° and 
10,000°K. Numerical examples for hydrogen, wa- 
ter, and helium are given in order to show the in- 

fluence of specific heats of mixtures and mean mo- 

lecular weights on the attainable exhaust velocities. 

The applicability of boron(III)-hydride and methane 

as working fluids is examined, as well as the heat 

transfer to the combustion chamber walls through 

a comparison of hydrogen, water, and helium. The 

influence of nonequilibrium processes on heating 

and expansion is also discussed and three methods 

of heating the working fluid are investigated. These 

include the fi:sion reactors, arcs, and fusion re- 

actors. 

POWER PLANTS 

APPLICATION OF THE CLOSED-CYCLE 
PRINCIPLE TO AIRCRAFT PROPULSION SYS- 

TEMS. VII - GASEOUS WORKING MEDIA FOR 
CLOSED CYCLE POWER PLANTS. W. Spillmann 

and B. Speckert. VIII - SIZING OF THE COMPO- 
NENTS OF A CLOSED-CYCLE He-NAPSYSTEM. 
A. Burgdorfer, R. Tognoni, and W. Spillmann. 
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Escher-Wyss Rep. vol. VII, Sp-AK-57-046; vol. 

VIII, Sp-AK-57-047 (EOARDC TR 58-31; TR 58- 

32) [AD 152240; AD 152241], July 21, 1957. 31; 49 

pp. Presentation of physical data for gases and 

gaseous mixtures from which it is concluded that 

helium is the best suited gas with respect to radia- 

tion stability and resulting plant size. Its heat 

transfer properties are of prime importance for 

the size of the heat transfer equipment. A com- 

parison of several gases with respect to the criti- 

cal properties which limit their use in a nuclear 

power plant is made in tabular form. The various 

components of aheliumclosed cycle plant are list- 

ed, and their design and efficiencyare discussed. 

APPLICATION OF THE CLOSED CYCLE 

PRINCIPLE TO AIRCRAFT AUXILIARY POWER 

PLANTS. IX-COMPARISON BETWEEN DIRECT 

AND INDIRECT HEAT ADDITION FROM AN A- 

TOMIC REACTOR TO A CLOSED GAS TURBINE 

CYCLE. R. Tognoni and W. Spillmann. Escher- 

Wyss TN 5, vol. IX, Rep. Sp-AK-57-041 (EOARDC 

TR 58-33) [AD 152242], July 21, 1957. 56 pp. In- 

vestigation to compare the losses occurring in the 

"double circuit" (heat added indirectly) to the 

losses in the "single circuit.'' The pressure ratio 

used for the analysis is that corresponding to 

maximum efficiency. Analysis of the cycle effec- 

tiveness for a cycle without intermediate cooler 

and with, as wellas without, recuperator is made, 

along with comparison of the different cycle config - 

urations for nitrogenandhelium. Results indicate 

that the primary circuit decreases the thermal 

efficiency of the cycle. The highest power con- 

sumption of the pump occurs with the cycle having 

a recuperator, and the thermal efficiency of the 

helium circuit is 2% lower than that of air. 

APPLICATION OF THE CLOSED CYCLE 

PRINCIPLE TO AIRCRAFT AUXILIARY POWER 

PLANTS. X-HELIUM COMPRESSOR DESIGN. R. 

Tognoni. Escher-Wyss TN 6, vol. X, Rep. Sp- 

AK-57-042 (EOARDC TR 58-34) [AD 152243], July 

21, 1957. 50 pp. Analysis considering the effect 

of design parameters on compressor performance 

where helium is used as the working medium. The 

blading of a model stage for the same requirements, 

but with air as the working medium, has been 

designed in detail. Reaction of approximately 

105% has ben found as the best compromise between 

good stage efficiency and a reasonable number of 

stages. 

THE USE OF PLANETARY ATMOSPHERES 

FOR PROPULSION. S. T. Demetriades and Carl 

Kretschmer. (AAS 4th Annual Meeting, Jan. 31, 

1958.) Aerojet-Gen. Rep. AGC TN-24 (AFOSR 

TN 58-229) [AD 154132], Apr. 14, 1958. 19 pp. 

Presentation of the reaction kinetics of atomic 

oxygen in the earth's upper atmosphere, and apre- 

liminary analysis of an atomic -oxygen propulsion 

unit. Estimates of the mechanism and magnitude 

of the recombination rates for atomic oxygen are 

presented in the homogeneous phase as well as in 

the heterogeneous phase - i.e., on a catalytic sur- 
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These estimates are based on the results of 

collision rate theory, absolute reaction-rate theo- 

ry, and the interpretation of experimental data a- 

vailable in the literature on other three-body re- 

combination reactions and surface-recombination 

face. 

reactions. Assuming 100% efficiency in recombi- 
nation energy, a thrust of 40 dynes/cm. 4 of inlet 
area is obtained at 100 km. altitude. This thrust 

is independent of the flight speed and depends only 

on the altitude. The ideal thrust-to-minimum-drag 

ratio is generalized for any recombination power 

plant in any planetary atmosphere; it is shown 

that,as a first approximation, this ratio is inde- 

pendent of altitude and absolute concentrations. 

THERMOPROPULSIVE CHARACTERISTICS 
OF HIGH-SPEED THRUST GENERATORS. A. F. 
Charwat. Aero / Space Engrg., June, 1958, pp. 

49-55. Discussion of the fundamental propulsive 

and thermodynamic properties of aircraft power 

plants with particular emphasis on their high-speed 
potential. Graphical presentations of thrust char- 
acteristics are given. Results indicate that there 

is an optimum compression ratio for any Mach 

Number which represents the performance of an 

optimum nonafterburning engine. The turbofan 

and the turboprop engines are basically the same. 

In the turbo-ram-jet the emphasis is on a mechan- 

ical rather than a thermodynamic coupling. An 
exceptionally wide performance range is attaina- 

ble by switching from one engine type to another. 

The ducted rocket produces more thrust than the 

rocket itself over limited ranges of Mach Num- 
bers. The results confirm the established succes- 

sion of propulsors as the flight speed increases: 

the propeller, the turbofan, the turbojet without 

and then with an afterburner. The isovolumic 

combustor seems to offer advantages worth further 

developmental effort. 

Jet & Turbine 

MAXIMUM THEORETICAL TANGENTIAL VE- 
LOCIT Y COMPONENT POSSIBLE FROM STRAIGHT 
BACK CONVERGING AND CONVERGING-DIVERG- 
ING STATORS AT SUPERCRITICAL PRESSURE 
RATIOS. T. P. Moffitt. US, NACA TN 4271, Apr., 

2l pp. Analysis using the method of charac- 
teristics which shows that converging stators are 

limited to exit tangential components of critical ve- 

locity ratios less than 1. 714, while values up tothe 

theoretical limit of 2.449 corresponding to an infi- 

nity Mach Number might be realized for converging- 

diverging stators. The greatest theoretical gains 

in tangential velocity due to expansion about stator 

blade trailing edges occur at small blade exit angles 

as measured from tangential and relatively low ve- 

locities at the exit of the guided-channel portion of 

the flow passage. 

KRAFTSTOFFZERSTAUBUNG IN STRAHL- 
TRIEBWERKEN. O. Lutz, W. Alvermann, and 

J. Lambrecht. DFL Inst. Strahltriebwerke Be- 

richt 87, Oct., 1957. 4 pp. In German. Discus- 

sion of requirements to be met by fuel injection 

(107) 

elements in jet engines. Includes investigation of 

the influence of injection nozzles and fuel quality 

on the atomization and some characteristics defin- 

ing the atomization quality. A brief survey of the 

design of injection nozzles is also presented. 

Rocket 

LA MESURE DU DELAI D'ALLUMAGE EN 
ALTITUDE SIMULEE DES MOTEURS FUSEES A 
HYPERGOLS LIQUIDES. Pierre Sarrat. La Re- 
cherche Aéronautique, Jan. -Feb., 1958, pp. 15- 

25. In French. Measurement of ignition delays 
in liquid-propellant rockets at simulated altitude 

conditions by means of the "'caisson'"' method. The 

results are compared to those obtained by means 

of a laboratory technique and are in agreement at 

atmospheric pressures. The discrepancy in the 

case of low pressure is analyzed. The initial pres- 

sure points are also determined in relation to the 

effect of the ignition delay and the chemical nature 
of the propellant, 

ERGEBNISSE VON PRUFSTANDSVERSUCHEN 
MIT HEISSWASSER-MODELLRAKETEN. E. 
fer and W. Michely. Forschungsinst. Phys. 

Strahlantriebe Mitteil. 11, Aug., 1957. 47 pp. 20 
refs. In German. Presentation of results oftest- 
bed experiments on a steam rocket. Tests were 

made with (a) enlarged Laval-type nozzles, (b) 

nonenlarged standard nozzles serving as discharge 

openings for the steam-water mixture, (c) special 
retardation of the discharge fluid before it enters 

the haval nozzle, and (d) addition to the rocket wa- 

ter supply of chemicals influencing surface tensions. 

RESEARCH, RESEARCH FACILITIES 

Rocket Sleds, Tracks 

DIE HEISSWASSERRAKETE - ENTWICKLUNG, 
BETRIEB UND ANWENDUNGSMOGLICHKEITEN. 
Otto Mithlhauser. Raketentech. & Raumfahrt- 
forsch., Apr., 1958, pp. 45-49. In German. De- 

scription of the hot-water rocket development cov- 

ering the operation and possible applications. 

These include wind tunnels operating in the sonic 

range and sleds for aerodynamic model research. 

The simplicity and safety considerations are analyz- 

ed, some experimental installations are described, 

and graphs are presented for showing the perform- 

ance and weight characteristics. 

Wind Tunnels 

CONTRIBUTION A L'ETUDE DE L'INTERFE- 
ROMETRE DIFFERENTIEL A BIPRISME DE 
WOLLASTON. Gérard Gontier. France, Min. de 
l'Air PST 338, 1957. 110 pp. 44 refs. SDIT, 2, 

Av. Porte-d'Issy, Paris 15, Frs. 1,200. InFrench. 

Evaluation of the working principle of a polarized 

light interferometer with Wollaston's biprism. 
Different optical procedures for visualizing a high- 
speed two-dimensional flow (the shadow, schlieren, 

and interferometric methods) are described. The 
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polarized light interferometer designed for a sonic 

wind tunnel comprises three parts: a support 

bench, a mirror with a 250 mm. diameter anda 

2,500 mm. radius of curvature, and a casing. In- 

cludes study of the interferometer operation inthe 

general case where the location of the biprism is 

not in the center of curvature of the mirror, com- 

parison of the integration process for obtaining the 

gas density at any location of the test section to 

the computation process using finite differences, 

computation of a light ray deviation in an isotropic, 

heterogeneous, three-dimensional body and a plate 

with varying thickness and refraction index, as 

well as the calibrating process. 

INTERFEROMETRE DIFFERENTIEL A BI- 

PRISME DE WOLLASTON. G. Gontier. Inst. 

Méc. Fluides, Lille, Prob. GR/82, Jan. 27, 1958. 

37 pp. 13 refs. In French. Study of the operation 

of a polarized light interferometer for measuring 

the optical thickness gradient of a transparent iso- 

tropic strip and,in particular, the density gradient 

of a subsonic or supersonic flow of gas. Includes 

description of the design and installation of the 

device, as well as presentation of five methods for 

computing interferometric data and their verifica- 

tion by measuring the thickness of a homogeneous 

glass plate. 

ROTATING WING AIRCRAFT, HELICOPTERS 

SULL'ACCERTAMENTO IN VOLO DELLA 

STABILITA STATICA LONGITUDINALE E DELLA 

MANOVRABILITA DEGLI ELICOTTERI. Georgio 

Aldinio. (15th Natl. Aerotech. Congr., Cagliari, 

Sept. 25-29, 1957.) L'Aerotecnica, Dec., 1957, 
pp. 296-300. In Italian. Presentation of flight 
test results on a single-rotor helicopter. Longi- 

tudinal stability requirements of helicopters in 

comparison with fixed-wing aircraft are examined, 

and the importance of flight test measurements 

for ascertaining helicopter longitudinal static sta- 

bility and controllability is pointed out. The anal- 

ysis covers the necessity of a complete set of 

plots of stick position against forward speed indif- 

ferent conditions of weight, center-of-gravity po- 

sition, configuration, and power, as well as for 

such flight conditions as hovering, climb, cruising, 

and autorotation. 

ANALYSIS OF HARMONIC FORCES PRODUCED 

AT HUB BY IMBALANCES IN HELICOPTER RO- 

TOR BLADES. M. Morduchow and A. Muzyka. 

US, NACA TN 4226, Apr., 1958. 37 pp. Deriva- 
tion of explicit expressions for the harmonic forces 

produced at the hub by an n-bladed unbalanced hel- 

icopter rotor. Imbalances due to property differ- 

ences among the blades and to nonuniform spacing 

between the blades are considered. Forces appli- 

ed to the hub both in and normal to the plane of ro- 

tation of the blades are analyzed. Numerical ex- 

amples indicating the order of magnitude of the 
results obtained are given. Conclusions show that 

the effect of imbalances in the rotor blades pro- 

duces at the hub additional forces in all of the har- 
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monics. The effect of eccentricity imbalances, or 

nonuniform spacing between the blades, is equiva- 

lent to the effect of property imbalances, or prop- 

erty differences among the blades. 

SPACE TRAVEL 

INTERPLANETARY ORBITS. M. Vertregt. 

Brit. Interpl. Soc. J., Mar.-Apr., 1958, pp. 326- 
354. Derivation of the basic equations under sim- 

plified conditions for interplanetary flight; some 

of the problems connected with space navigation 

are considered. Several assumptions are made 

in order to simplify the calculations. The general 

conditions for an orbit that can be used for inter- 

planetary flight are investigated. A diagram is 

developed from which the approximate energy-re- 

quirement, duration, and other particulars of a 

voyage can be easily found. Alternative routes be- 

tween the orbits of planets are described. 

SYSTEMATIK DER LENKVERFAHREN. I. 

Ferdinand Miller. Raketentech. & Raumfahrt- 

forsch., -Apr., 1958, pp. 38-44. ll refs. In Ger- 

man. Systematic survey of possible methods for 

launching moving bodies into orbit,and presentation 

of related location methods. Examples and prob- 

lems of space-travel application are also present- 

ed. Includes such factors as propellants, velocity, 

and guidance. 

ISSLEDOVANIE KORPUSKULIARNOGO IZLU- 

CHENIIA SOLNTSA S POMOSHCHI!IN ISKUSSTVEN- 

NOGO SPUTNIKA ZEMLI. V. I. Krasovskii, Iu. 

M. Kushnir, and G. A. Bordovskii. Uspekhi Fiz. 

Nauk., Mar., 1958, pp. 425-434. 43 refs. In 

Russian. Discussion of the possible investigation 

of solar corpuscular radiation by means of artifi- 

cial satellites. Iricludes analysis of previous stud- 

ies and evaluation of the basic theory, as well as 

description of two methods for obtaining necessary 

data and modifications to the design and instrumen- 

tation of satellites. 

PERTURBATION OF ELLIPTIC ORBITS BY 
ATMOSPHERIC CONTACT. T. R. F. Nonweiler. 
Brit. Interpl. Soc. J., Mar.-Apr., 1958, pp. 368 
379. Evaluation of the perturbation on a single 

circuit of an elliptic orbit neglecting the effect of 

this perturbation on the magnitude of the air re- 

sistance. The changes in major axis and eccen- 

tricity on the circuit are given. The modified 

Bessel functions occuring are tabulated and their 

variation indicated. The relation between eccen- 

tricity and the number of circuits, and that between 

the height at perigee and eccentricity are given. 

The analysis indicates that the orbit does not be- 

come circular before ground impact. The final 

descent is virtually at a constant speed, rather 

above the circling speed, with the air resistance 

determining the angle of descent. 

OPTICHESKIE NABLIUDENIIA ISKUSSTVEN- 
NYKH SPUTNIKOV ZEMLI. I. S. Shklovskii and 
P. V. Shcheglov. Uspekhi Fiz. Nauk., Mar., 

1958, pp. 417-424. 10 refs. In Russian. Discus- 

(108) 

DO 

iz 

N 

(1 

i i 

of 
je 

| 
m 

> = 
i 

4 
++: 
iti 

of 

ti 

de 

| 
| 
| 

Ci 

SI 

8} 
cc 

ar 

H 
re 

Cc: 

i ir 
: vi 

t 

= 



on 

sion of optical methods applied to the determination 

of spatial coordinates for calculating satellite tra- 

jectories. Their importance in obtaining data on 

physical characteristics of upper atmosphere, as 

well as on the characteristic deviation of the at- 

mospheric density distribution from spherical sym- 

metry, is emphasized. Other possible applications, 

including the study of anomalies in the Earth's grav- 

itational field and verification of the general theory 

of relativity, are also analyzed. Includes descrip- 

tion of American and Soviet installations, their 

design, and operation; evaluation of the accuracy 

of obtained results; as well as description of other 

systems of relatively small diameter which use a 

cell more sensitive to optical radiation than afilm. 

STRUCTURES 

EFFECT OF A STRINGER ON THE STRESS 

CONCENTRATION DUE TO A CRACK IN A THIN 

SHEET. J. L. Sanders, Jr. US, NACA TN 4207, 

Mar., 1958. 19 pp. The results are presented 

graphically and in tabular form. Derivation of a 

coefficient for determining the effect of a reinforc- 

ing stringer on the stress concentration factor at 

the tip of a crack in a thin sheet. The stress con- 

centration factor in the stringer due to the crack 

and the correction factor for the crack in the case 

of a broken stringer are also found. 

FAIL-SAFE STRUCTURAL DESIGN. N. F. 

Harpur. RAeS J., May, 1958, pp. 363-376. 23 
refs. Discussion of the values of structural in- 

spections, the loads to be used in stressing a 

cracked structure, the three basic types of fail- 

safe design, the need for minor modifications to 

make the parts of an airframe fail-safe, the crack 

propagation in flat sheets, and the design of fail- 

safe pressure cabins. A description of tests car- 

ried out on fuselages and small and full scalecyl- 

inders is made. The critical crack lengths for 

various materials are presented in graphical form. 

THE APPLICATION OF RELAXATION METH- 

ODS TO THE SOLUTION OF DIFFERENTIAL E- 

QUATIONS IN THREE DIMENSIONS. III - THREE- 

DIMENSIONAL STRESS ANALYSIS. D. N. de G. 

Allen and S. C. R. Dennis. Quart. J. Mech. & 

Appl. Math., May, 1958, pp. 172-184. Extension of 

previously developed methods in order to include 

in their scope the solution of stress problems in 

three dimensions; from the relaxational point of 

view this requires the simultaneous satisfaction of 

four Poisson-type equations in four dependent var- 

iables. These four equations are derived with cor- 

responding boundary conditions which express given 

values of the boundary tractions, and then applied | 

to the solution for a particular example of stress 

distribution in a cube. 

Bars & Rods 

ELASTIC-PLASTIC TORSION OF SHARPLY 

NOTCHED BARS. J. A. H. Hult. J. Mech. & 

Phys. Solids, No. 1, 1957, pp. 79-82. OSR-sup- 

(109) 

ported derivation of the shape of the incipient plas- 

tic region at the tip of a sharp notch in a twisted 

bar. It is shown that the shape of the region of 

incipient plastic yielding can be found for any shape 

of the cross section, provided the solution of the 

corresponding elastic problem is known. The e- 

lastic stress field near the tip of a sharp notch in 

pure shear is to be similar to the elastic stress 

field near a similar longitudinal notch in torsion. 
The shape of the plastic region produced at. the 

notch in pure shear is known and the corresponding 

region in this torsion case is derived by analogy. 

Beams & Columns 

THEORETICAL AND EXPERIMENTAL ANAL- 

YSIS OF MEMBERS LOADED ECCENTRICALLY 

AND INELASTICALLY. O. M. Sidebottom and M. 

E. Clark. U. Ill. Eng. Exp. Sta. Bul. 447, Mar., 

1958. 48 pp. 16 refs. Development of interaction 
equations for members subjected to axial load and 

bending moment. The equations are developed in 

general terms so that they can be applied to many 

cross sections made up of one or two rectangular 

elements at right angles to each other, such as 

angle- and T-sections. In order to use the inter- 

action curve to determine the load and deflection 

resulting from a given depth of yielding, it was 

necessary to construct a theoretical moment-load 

curve. Verification tests were run on 41 eccen- 

trically-loaded tension members and on 32 eccen- 

trically-loaded columns. 

Cylinders & Shells 

ON STRESSES AND DEFORMATIONS OF EL- 

LIPSOIDAL SHELLS SUBJECT TO INTERNAL 

PRESSURE. R. A. Clark and E. Reissner. J. 

Mech. & Phys. Solids, No. 1, 1957, pp. 63-70. 
ONR-sponsored analysis of thin elastic shells with 

the major axis of the elliptic cross section perpen- 

dicular to the axis of revolution. A qualitative 

consideration of the problem indicates that some 

bending does occur, and effects due to this bending 

become progressively more important as the el- 

liptical cross section of the shell becomes flatter. 

The range of validity for the membrane solutionis 

found under this condition, and quantitative correc- 

tions for the solution are determined. 

SECOND-ORDER EFFECTS IN THE TORSION 

AND BENDING OF TRANSVERSELY ISOTROPIC 

INCOMPRESSIBLE ELASTIC BEAMS. W. S. 

Blackburn. Quart. J. Mech. & Appl. Math., May, 

1958, pp. 142-158. 12 refs. Extension of atheory 

developed by Green and Spratt to the case of a 

material which is transversely isotropic with re- 

spect to a certain constant direction. The results 

are applied to a homogeneous incompressible cyl- 

inder which is transversely isotropic with respect 

to its generators. Complex variable notation is 

used. It is shown that the second-order problem 

of torsion and extension can be reduced to the so- 

lution of a single boundary-value problem involving 

two complex potential functions. Without solving 

the boundary value problem a formula is obtained 
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for the fractional elongation of the cylinder. The 

problem of the bending of the cylinder by couples 

over the end is also examined as far as terms of 

the second order. The solution again reduces to 

a boundary-value problem involving two complex 

potential functions together with the boundary-value 

problem for the classical torsion function. A for- 

mula is obtained in the general case for the angle 

of twist and fractional elongation of the central 

line. 

ON THE COMBINED BENDING AND TWISTING 

OF BEAMS OF VARIOUS SECTIONS. F. A. Gay- 

don and H. Nuttall. J. Mech. & Phys. Solids, 

No. 1, 1957, pp. 17-26. Derivation of upper and 

lower approximations to the interaction curve of 

the bending and twisting couples at yield for the 

combined bending and twisting of cylinders of ideal- 

ly plastic-rigid material. Rectangular, box, and 

I-sections are dealt with in detail. For the box 

section a comparison is made with the thin tube 

theory of Hill and Siebel. 

RESPONSE OF AN ELASTIC CYLINDRICAL 

SHELL TO A PRESSURE PULSE. J. H. Haywood. 

Quart. J. Mech. & Appl. Math., May, 1958, pp. 
129-141. Application of a modal method of analysis 

to determine the response of an elastic cylindrical 

shell subjected to a pressure pulse propagating 

through the surrounding acoustic medium. An ap- 

proximate relation is developed between the fluid 

pressure and particle velocity of a cylindrical 

wave. Using this relation, the modal equations of 

motion are simplified and, in the examples chosen, 

lead to numerical results in close agreement with 

the true elastic response. 

Elasticity & Plasticity 

THE ASSOCIATED FLOW RULE OF PLASTICI- 

TY. D. R. Bland. J. Mech. & Phys. Solids, 

No. 1, 1957, pp. 71-78. 10 refs. Analysis inwhich 

the workhardening and linearity hypotheses intro- 

duced by Drucker are shown to be logically equiv- 

alent to the hypotheses on the existence of the plas- 

tic potential and of its identity with the yield func- 

tion. The flow rule at singular points on a yield 

surface is found by considering the actual yield 

surface as the limit of a sequence of regular sur- 

faces. It is shown that the limitations, imposed 

on the plastic strain increment at a singular point 

on the yield surface for a workhardening material, 

are different from those imposed when the material 

is nonhardening. 

PLASTIC FLOW AND FRACTUREIN SOLIDS. T. 

Y. Thomas. J. Math. & Mech., May,1958,pp. 291-322. 

13 refs. ONR-supported analysis of some problems 
connected with Liiders bands for which the surface 

S is stationary. It is assumed that this surface 

is singular relative to the stress components. Such 

wave surfaces are shown to be identical geometri- 

cally with the surfaces of separation of the elastic 

and plastic region of the Liiders band problem. It 
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is shown that all first and second derivatives of 

the velocity components are continuous over the 

surface £. Also weak singular surfaces = whose 

normal velocity G is different from zero are ex- 

amined, and it is found that four cases can arise 

when the plastic region propagates into an elastic 

medium in dynamical equilibrium. The points of 

infinite wave strength called fracture points appear 

on the surface and generate a crack that will be 

propagated in the direction of the tension or com- 

pression in the plate. 

STABILITY OF RIGID-PLASTIC SOLIDS. 

R. Hill. J. Mech. & Phys. Solids, No. 1, 1957, 

pp.1-8. Analysis considering the general problem of 

stability under dead loading for a body of any shape, 

the material being workhardening and rigid-plastic. 

It is shown that when the plastic potential and yield 

function coincide it is only necessary to examine 

in detail those neighboring positions which can be 

reached by strain paths beginning as virtual modes 

of the yield-point state under the given loading. 

The least energy dissipated in passing to any such 

position has to be determined in constructing a 

sufficient condition of stability. The functional 

concerned turns out to be identical with that in the 

uniqueness condition for the typical boundary-value 
problem. 

ON RIGID WORKHARDENING SOLIDS WITH 
SINGULAR YIELD CONDITIONS. W. E. Boyce 
and W. Prager. J. Mech. & Phys. Solids, No. 1, 

1957, pp. 9-12. ONR-sponsored analysis extending 

Hill's results to rigid bodies with singular yield 

conditions. A singular yield condition allows for 

the possibility that in certain plastic states of 

stress there may be two or more competing yield 

mechanisms, each of which makes an independent 
contribution to the strain rate. In analyzing the 

time-dependent stresses, displacements, and 

strains in the body, the following boundary-value 

problem is discussed: given the strain historyand 

instantaneous stress throughout the body, the rates 

of surface traction F on the partSrp of its surface, 

and the surface velocity V on the remainder S,, of 
S, find the stress rate and the velocity throughout 

the body. 

Fatigue 

THE PROPAGATION OF FATIGUE CRACKS 

IN SHEET SPECIMENS. N. E. Frost and D. S. 

Dugdale. J. Mech. & Phys. Solids, No. 2, 1958, 

pp. 92-110. 17 refs. Investigation carried out on 

mild steel, aluminium alloy, and copper sheet 

specimens containing a small central slit. Insome 

of the mild steel specimens a plastic zone was vis- 

ible around the growing crack. Measurements of 

the plastic zone were made whenever possible and 

showed that a state of geometrical similarity ex- 

ists between the crack length and plastic zone 

dimensions. For low stresses the crack growth 

was sometimes erratic, but,while the growth was 

steady and the overall crack length less than about 

one-eighth of the specimen width, it was foundthat 

the rate of growth was proportional to crack length. 
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FATIGUE CRACK PROPAGATION IN TORSION. 

J. A. H. Hult. J. Mech. & Phys. Solids, No. l, 

1957, pp. 47-52. OSR-supported derivation of the 

redistribution of the stress and strain in front of 

a growing crack in a twisted bar, assuming the 

material to be ideally plastic. The result is used 

in connection with a simple fracture criterion to 

determine the initial rate of growth of a fatigue 

crack. Experimental results on 75S-T6 aluminium 

specimens confirm the theory. 

Plates 

SOME MIXED BOUNDARY VALUE PROBLEMS 

IN ISOTROPIC THIN PLATE THEORY. G. M. L. 

Gladwell. Quart. J. Mech. & Appl. Math., May, 

1958, pp. 159-171. 10 refs. Analysis of problems 

in which the plate is clamped along part of the 

boundary and is either free or subject tospecified 

bending moment and shear along the remainder. 

Complex variable techniques,as evolved by Mus- 

khelishvili,are used throughout. First,the general 

boundary conditions for the problems are stated 

and reduced to a suitable form,and then, using 

known results for plates with fully clamped bound- 

aries, the boundary conditions are reduced to non- 

homogeneous Hilbert problems. Special attention 

is given to the case of point loading in the interior 

of the plate and to the case when part of the bound- 

ary is subject to constant bending moment and 

shears. 

TRANSVERSE BENDING OF INFINITE AND 

SEMI-INFINITE THIN ELASTIC PLATES. III. 

W. A. Bassali and M. Nassif. Cambridge Philos. 

Soc. Proc., Apr., 1958, pp. 288-299. 12 refs. 

Application of methods of complex-function theo- 

ry to the problem of an infinite thin isotropic plate 

having a free outer boundary and elastically re- 

strained inner circular boundary, the plate being 

subjected to normal loading over acircular patch. 

The limiting case of a half-plane clampedalong the 
straight edge and subject to the same normal load- 

ing spread over the area of a circle is investigat- 

ed. The method of derivation is simplified by the 

use of the complex variable technique. The solu- 

tions derived are exact within the framework of 

the small-deflection plate theory. 

PROBLEMS CONCERNING THE BENDING OF 

ISOTROPIC THIN ELASTIC PLATES SUBJECT 

TO VARIOUS DISTRIBUTIONS OF NORMAL PRES- 

SURES. W. A. Bassali. Cambridge Philos. Soc. 

Proc., Apr., 1958, pp. 265-287. 20 refs. Deri- 
vation of a solution for the problem when the ec- 

centric circle is subject to another type of normal 

loading which includes as a special case alinearly 

varying load. The limiting cases'where the circu- 

lar boundary degenerates to a straight line andthe 

radius of the loaded circle tends to zero are con- 

sidered. Formulas for the moments, shears, and 

deflections relating to special examples are given 

The theory is simplified by the use of complex 

combinations of stress components and of complex 

variable technique. 

(111) 

Ring s 

MULTI-RING PLATES; A STEP FUNCTION 
APPROACH, P. M. Quinlan, Natl, U. Ireland 
TN 2 (AFOSR TN 58-211) [AD 154112], Jan., 1958. 
27 pp. Derivation of a single, discontinuous, dif- 

ferential equation for the symmetrical bending of 

an elastic plate consisting of a number of concen- 

tric discs, each of constant thickness, The con- 

centrated uniform ring load is taken as the funda- 

mental load type from which all other loading can 

be derived by integration. The case of a concen- 

trated ring torque is obtained by applying an ap- 

propriate limiting technique to the ring load. 

ELASTIC PROBLEM FOR A RING OF UNIFORM 

FORCE IN AN INFINITE BODY. W. H. Pell. 

J. Res., Apr., 1958, pp. 365-373. OSR-support- 
ed study of the displacements due to a force applied 

along, and normal to, a circle in an infinite solid 

by using the Kelvin integrals and spherical coor- 

dinates. The displacement integrals for a ring of 

concentrated force are obtained, and an evaluation 

of the integrals in terms of complete elliptic inte- 

grals is made. 

Sandwich Construction 

KONECHNYE PROGIBY TREKHSLOINYKH 

OBOLOCHEK S ZHESTKIM ZAPOLNITELEM. 

E. I. Grigoliuk. AN SSSR Otd. Tekh. Nauk Izv., 

Jan., 1958, pp. 26-34. In Russian. Investigation 
of finite deflections of elastic, slightly curved, 

sandwich (three-layer) shells with a rigid core. 

It is assumed that the core is incompressible in 

the transverse direction and undergoes finite de- 

flections. The supporting layers and the core are 

orthotropic, of constant thickness, remain elastic 

under stress, have parallel axes, and different 7 

mechanical characteristics. A system of four e- ~ 

quations is derived for the case of arbitrary trans- 

verse load and temperature distribution. Stabili- 

ty in a linear form is also considered, and an e- 

quation similar to the Stein-Mayers relationship 

is derived for the cylindrical case. 

- Thermal Stress 

CREEP STABILITY OF COLUMNS AND PLATES, 

G. N. Rabotnov and S. A. Shesterikov. J. Mech. 

& Phys. Solids, No. 1, 1957, pp. 27-34. Analysis 

using two forms of the creep theory based on the 

strain hardening hypothesis. For a uniformly 

compressed plate a comparison is made between 

results according to the flow theory and to the 

strain theory. 

A CRITICAL STRAIN APPROACH TO CREEP 
BUCKLING OF PLATES AND SHELLS. George 
Gerard and A. C. Gilbert. J. Aero / Space Sci., 
July, 1958, pp.429-458. Experimental investiga- 

tion of aluminum cylinders under compressive and 

torsional loads. The test techniques and equip - 

ment are described. The results of the experi- 

ments are correlated with the critical strain ap- 
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proach that has been presented previously, and 

good agreement is obtained both in terms of criti- 

cal strain and critical time. Some preliminary 

data on creep buckling of cylinders under cyclic 

load conditions are also presented. An examina- 

tion of test data on creep of long flat plates under 

compressive loads indicates that the theory may 

be adequate for plates of small width/thickness ra- 
tio. Plates of large width/thickness ratio, which 
can buckle upon the initial application of load, re- 

quire an analysis of the post-buckled state under 

creep conditions. 

THE INFLUENCE OF AERODYNAMIC HEAT- 

ING ON THE FLEXURAL RIGIDITY OF A THIN 

WING. Appendix I - TEMPERATURES DUE TO 

AERODYNAMIC HEATING. Appendix Il - END 

EFFECTS IN A WING OF FINITE ASPECT RATIO. 

Appendix III - ANALYSIS FOR A BUILT-UPWING. 

Appendix IV - LARGE DEFLECTION SOLUTION 

FOR A SOLID STRIP OF CONSTANT THICKNESS. 

Appendix V - TOTAL MOMENT ACTING ON 

CROSS-SECTION OF STRIP. E. H. Mansfield. 

Gt. Brit., RAE Rep. Struc.229, Sept., 1957. 38 

pp. ll refs. Analysis considering flexural behav- 

‘ior of a thin solid wing of infinite aspect ratio with 

a given chodwise distribution of spanwise middle 

surface stresses. The strain energy in the middle 

surface of the wing is determined. Variational 

methods are used for the chordwise variation of 

the distortion of the wing. The cross-section dis- 

tortion of the bending wing is due to Poisson's ra- 

tio effect and the radical component of the middle 

surface stresses. Results indicate that the middle 

surface stresses tend to be more localized in the 

region of the leading and trailing edges; their ef- 

fect on the wing as a whole is less marked. A 

spanwise wavy form of instability may occur if the 

middle surface stresses are sufficiently localized 

in the region of the leading and trailing edges. The 

loss of flexural rigidity is comparable.to the cor- 

responding loss of torsional rigidity. 

THERMODYNAMICS 

Combustion 

FLOW FIELD OF A BUNSEN FLAME. M. S. 

Uberoi, A. M. Kuethe, and H. R. Menkes. Phys. 

Fluids, Mar.-Apr., 1958, pp. 150-158. OSR-sup- 

ported theoretical and experimental investigation 

of the flow associated with a flame propagating in 

a confined mixture of combustible gases or when 

the flame is stabilized at suitable boundaries and 

the combustible gases stream through it. The flow 
field of a two-dimensional Bunsen flame is exam- 

ined by approximating the zone of combustion with 

a surface of discontinuity across which the density 

drops and normal velocity increases. Eventhough 

the flow of unburned gases is potential, the flow 

of the burned gases is always rotational and is 

therefore not amenable to complete analysis. In- 

teraction of flame shape and flow field is obtained 

analytically and experimentally. The entire flow 

field is mapped by taking stroboscopic photographs 

of small particles suspended in the combustion 

gases. 
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APPLICATIONS DES CONSTANTES ET DON- 

NEES THERMODYNAMIQUES DES MELANGES 

GAZEUX AUX TEMPERATURES ELEVEES 

(FLAMMES, MOTEURS ET PROPULSEURS). G. 

Ribaud and N. Manson. France, Min. de l*Air 

PST 341, 1958. 194 pp. 41 refs. SDIT, 2, Av. 

Porte-d'Iissy, Paris 15, Frs. 2,700. In French. 

Presentation of numerical examples in order to 

illustrate the application of previously obtained 

data on gases and gas mixtures at high tempera- 

tures. Includes methods, using thermodynamic 

diagrams, for the calculation of characteristic 

phases of the evolution of fuels in combustion cham- 

bers, thermopropulsive systems (turbojet, ram-jet, 

rocket), internal combustion engines, and behind 

the combustion shock waves. Includes evaluation 

of the theory of continuous high-speed gas flows, 

performance characteristics of various power- 

plant types, and comparison of numerical data to 

experimental results. 

COMBUSTION OF MONOPROPELLANT DROP- 

LETS. I - THEORETICAL MODEL OF THE 

COMBUSTION OF A DROPLET. Appendix - OTH- 

ER INTEGRATION METHODS. C. S. Tarifa and 

J. M. Salas Larrazabal. Inst. Nac. Tec. Aero. 

Esteban Terradas Rep. (AFOSR TN 57-671) [AD 

136660], July 27, 1957. 49 pp. An approximate 

analytical method is developed for the mathemati- 

cal solution of the combustion problem of a mono- 

propellant droplet, considering chemical kinetics 

and diffusion, and admitting several simplifications 

to the physical model of the process. Results are 

compared with those obtained through a numerical 

integration of the system of differential equations 

used. The expansion in series of the formulas 

obtained allows the direct calculation of the values 

for all the typical variables of the process. This 

simplified method is applicable to almost every 

case. 

ETUDE DES FLAMMES STABILISEES PAR DES 

OBSTACLES DE REVOLUTION DANS DES ECOU- 

LEMENTS SUBSONIQUES A GRANDES VITESSES; 

STRUCTURE THERMO-CHIMIQUE DU NOYAU DE 

STABILISATION. J. Rappeneau and H. Grassin. 

France, ONERA NT 41, 1957. 44 pp. 14 refs. 

In French. Investigation of flames stabilized by 

bodies of revolution inhigh-speed subsonic flows. 

The method of gas analysis is used to study the 

flames quantitatively and the qualitative study is 

performed by means of visualization. The exist- 

ence of a stabilizing core which contains only the 

burnt gases in pointed out. Measurements of CO 

concentration show that fresh gases were introduced 

into the core by diffusion through the flame front. 

Measurements of CO2 and CO concentration leadto 

the study of flame propagation as function of the 

air/fuel ratio and the flow velocity. Based onthese 

results, the temperatures of the flame have been 

computed. The determination of the CO? (total) 

concentration shows the existence of a "selection" 

of the air-fuel mixture, the local air/fuel ratio of 

the flame being different from the overall air/fuel 

ratio provided by the combustion onset. 
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Americans in motion depend upon Holley 
The startling advances in the last decade 

in pounds of thrust, in horsepower have 
exceeded nearly every other decade in 
America’s engine development history. The 
challenge of contributing to this advance 
has fallen to Holley engineering teams with 
such varied problems as lighter weight, 
more compact fuel controls for jet engines, 
carburetors with more and more breathing 
Capacity, ignition systems with more and 
more accuracy. 

Holley’s two teams of design and manu- 
facturing engineers have developed prod- 

ucts as unlike the carburetors of the past as 
jet engines to Stanley steamers. 

Today, Americans stand on the threshold 
of a decade which will far outmode the 
power outputs of today. Holley engineers 
are currently working on control systems 
for power outputs relegated just yesterday 
to science fiction. 

As in the last fifty years, Americans in 
motion will depend upon Holley products. 

For more information about Holley 
products, automotive and aircraft, write to 
HOLLEY CARBURETOR CO., 11955 
E. Nine Mile Road, Warren, Michigan. 

How to squeeze 

LEADER IN THE DESIGN, 
DEVELOPMENT AND MANUFACTURE OF 

AUTOMOTIVE AND AVIATION 
FUEL METERING DEVICES 
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DC-8 Fail-Safe Construction. Shell Av. News 
Feb., 1958, pp. 19, 20. Evaluation of the DC-8 
construction method which is capable of con- 
siderable weight saving and eliminates potential 
causes of metal fatigue. 

Fighter oo Philosophy. R. F. Creasey 
Flight, Feb. 1958, pp. 239-243. Discussion 
of target- Fe against manned bombers as 
well as of the variables affecting the fighter design 

The Transformed Herald. The Aeroplane, 
Mar. 21, 1958, pp. 388-392, cutaway drawing 
Discussion of the principal structural features 
and power-plant changes made to the airframe 
in order to effect the transformation of the 
Herald. 

Yakoviev’s Yak-25. G. W. Heumann. Arr 
Pictorial, Apr., 1958, pp. 128, 129. Presentation 
of data covering structural and performance 
characteristics. 

Nacht-Allwetterjager und leichtes Kampf- 
flugzeug Jakowlew Jak-25 Flashlight. Flugwel 
Apr., 1958, pp. 255-258. In German. Design 
and description of the Soviet all-weather night 
fighter Yakovlev Yak-25 Flashlight. 

Samolet II-18. I—Silovaia Ustanovka, G. 
Litvinovich. II—Shassi, V. Semenov. III 
Vysotnoe Oborudovanie, B. Pavlovskii. IV 
Letnaia Ekspluatatsiia. V. Kokkinaki. Grash 
danskaia Aviatsiia, Mar., 1958, pp. 16-22 
In Russian. Discussion of ‘the operating charac- 
teristics of the Soviet II-18 turboprop transport, 
covering power plants, landing gear, and flight 
performance. 

De Toepolef 114 ‘“‘Rusland.’’ P. de Boer 
Avia Vliegwereld, Jan. 30, 1958, pp. 62, 63. In 
Dutch. Description of the Soviet Tupolev 114 
transport aircraft. 

Caravelle. Roland de Narbonne. Air Revue, 
Mar., 1958, pp. 109-118, cutaway drawing. 
In French. Survey of the development of the 
Caravelle, including a list of various design 
stages, operational data, and applications. 

Dassault ‘“‘Méditerranée.’’ Roland de Nar 
bonne. Air Revue, Apr., 1958, pp. 168, 169 
In French. Description of structural, power- 
plant, and performance characteristics of the 
Dassault transport. 

SAAB “Draken’’—-Ein Beispiel einer “ie 
zeug- Waffensystem’’-Entwicklung. 
Schulz. Luftfahritechnik, Feb., 1958, , 23 
In German. Description of the SAAB Draken 
aircraft and discussion of its development as a 
military weapon system. 

Design Principles of the Draken Supersonic 
Fighter. Erik Bratt. Interavia, 1958, pp. 239 
242. Discussion of methods used in determining 
minimum frontal area, span loading, landing 
performance, stability, and c.g. position. Design 
of the wing for minimum total drag and optimum 
L/D ratio are also discussed. 

I—All-Swedish J35 Aims at Mach 2 Speeds. 
II—Saab Producing Draken Sub-Assemblies 
Underground. . Anderton. Av. Week, 
Mar. 24; Mar. 31, 1958, pp. 46, 47, 51, 53, 54 
57, 63, 65; 64, 65, 67. Design characteristics 
and developmental history of the Saab all- 
weather fighter. 

Air Conditioning, Pressurization 

Equipment Cooling Systems for Aircraft. III 
Comes Systems R. H. Zimmerman 
W. Robinson, K. G. Hornung, and W. E. Krauss. 
USAF WADC TR 54-359, Pt. III, Sept. 1954 

pp. 

Fuels Tanks 

Plastics for Leakproof Fuel Tanks; 
a Method of Sealing Integral Tank a 

Aircraft Eng., Apr., 1958, 

Operating Characteristics, Economics 

Aircraft for Tomorrow’s Airline Fleets. /»/er- 
avia, 1958, pp. 212-217. Comparison of design 
and performance characteristics of British, 
American, French, and Soviet jet and turboprop 
transports. 

Earning Power and the Jet v Turboprop Con- 
troversy. Stephen Wheatcroft. Shell Av. News, 
Jan., 1958, pp. 6, 7. (Also in The Aeroplane, 
Mar. 14, 1958, pp. 348, 349.) Establishment 
of the economic significance of earning power as a 
factor in aircraft evaluation. 

I—Electra’s Goal Is Short-Medium Market. 
II—Electra Designed for Production Savings. 
Irving Stone. Av. Week, Mar. 31; Apr. 7, 1958, 
pp. 46, 47, 51, 53, 57, 59, 60, 63; 79-84. In 
cludes traffic analysis, economy considerations, 
structural aspects, and service and maintenance 
criteria. 

Vertical Separation. Derek Mason. Shell 
Av. News, Jan., 1958, pp. 14-17. (Also in 
The Log, Mar., 1958, pp. 67-76.) Discussion on 
the need for more accurate altimeters brought 
forth by the increase in volume and speed of air 
traffic. Several error reducing methods, such as 
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the automatic pilot equipped with automatic 
height controls, are discussed. 

“T? Effect Flight. J. P. Tracy. Air Line 
Pilot, Mar., 1958, pp. 8, 9, 21-23. Discussion 
considering the influence of ground effect over 
the ocean on aircraft performance, and presenta- 
tion of some flight-test results obtained on an 
MATS C-54 

Seating 

The Monroe “T-34’’ Seat. James Funder- 
burk. Project Engr., Mar., 1958, pp. 2-4. 
Description of the ‘‘T-34"’ seating arrangement 
and evaluation of its safety features. 

Airports 
Handling the Jet Airliner; Problems of Airport 

Architecture Summarised. de Havilland Gazette, 
Feb., 1958, pp. 4-6. 

Aviation Medicine, Space Medicine 

Preventive Medicine Aspects of Flight Feeding. 
A.A. Taylor. (28th Aero Medical Assoc. Meeting, 
Denver, May 8, 1957.) J. Av. Med., Mar., 1958, 
pp. 206-211. 

Review of the Cone-to-Rod Efficiency Ratio 7 
a eee for Lighting Systems. J. 
Brown. USAF WA DC TR 57-448 [AD 13092 
Aug., 1957. 21 pp. 27 refs. 

A Miniature, Direct-Plotting 
Nomogram. K. M. Chapman. Ss WADC 
TN 57-371 [AD 142097], Nov., 1957. ". pp. 

Estimation of the Mass of Body Segments. 
J. T. Barter. USAF WADC TR 57-260 [AD 
118222), Apr., 1957. 10 pp. 

Cutaneous Toxicity Evaluation of Air Force 
Materials. IT. M. V. Shelanski 

and K. Gabriel. USAF WADC TR 57-742 
[AD *42220), Nov., 1957. 16 pp. 

Clothing and Tolerance to Heat. 
and Paul Webb. USAF 
[AD 142248], Dec., 1957. 10 refs. 

Glove Characteristics Influencing Control 
Manipulability. J. V. Bradley. USAF WADC 
TR 57-389 [AD 130836), Aug., 1957. 25 pp. 

Height-Weight Sizing and Fit-Test of a Cut- 
away G-Suit, Type CSU-3/P. Irvin Emanuel 
and Milton Alexander. USAF WADC TR 
57-432 [AD 130912], July, 1957. 22 pp. 

Zur Pathogenese und Prophylaxe der Druck- 

fallkrankheit des Héhenfliegers. I—WUber den 
Einfluss der Hyaluronidase auf die Dauer der 
Sauerstoff-Voratmung. DVL Bericht No. 45, 
Aug., 1957. 21 pp. 16 refs. In German. 
Discussion of decompression effects in high-alti- 
tude flight and description of experimental results 
obtained during animal tests. 

Stresses Affecting the Pilot During Post-Stall 
Maneuvers of High Performance Aircraft. 
Ch. O. Miller and J. D. Horgan. (28th Aero 
Medical Assoc. Meeting, Denver, May 7, 1957.) 
J. Av. Med., Mar., 1958, pp. 180-186. 

Human Tolerance to Aircraft Seat Belt Re- 
straint. S. Lewis and J. P. Stapp. (28th 
Aero Medical Assoc. Meeting, Denver, May 6, 
1957.) J. Av. Med., Mar., 1958, pp. 187-196. 

Time Judgments, Acoustic Noise, and Judg- 

J. H. Veghte 
WADC TR 57-759 
10 pp. 

ment Lay H. J. Jerison and Jules Arginteanu. 
USAF WADC TR 57-454 [AD 130963,| Jan., 
tose 29 pp. 13 refs. 

A Study of and Fatigue. 
Hunsicker. USA ADC TR 57-586 14 5 
131089), Dec., 1057, yf pp. 1l5refs. 

The Effects of Stress on Uropepsin Beseetion. 
iH. Bonner. USAF WADC TN 57-427 [AD 
2256}, Dec., 1957. 11 pp. 15 refs. Descrip- 

— ofa method for analyzing uropepsin changes 
in simulated flight stress. 

Mekhanicheskie Usloviia Vozniknoveniia Ne- 
vesomosti. V. S. Pyshkov. Vestnik Vozdush- 
nogo Flota, Mar., 1958, pp. 45-49. In Russian. 
Discussion of mechanical conditions of the gravity- 
free state, its effect on piloting, and some illus- 
trative examples. 

Producing the Weightless State in Jet Aircraft. 
S. J. Gerathewohl, O. L. Ritter, and H. D. Stall- 
ings, Jr. (8th Internati. Astronautical Congr., 
Barcelona, Oct. 6-12, 1957.) Astronautica Acta, 
Fasc. 1, 1958, pp. 16-24. Definition of mechani- 
cal principles of gravity and acceleration for 
“agravic’’ state purposes. The _ relationship 
between the duration of the weightless state and 
the peak altitude of the maneuver are discussed. 

A Colorimetric Estimation of Hemoglobin in the 
aye of Myoglobin. Anton Tamas. USAF 
VADC TR 58-55 [AD 142347], Feb., 1958. 

5 pp. 

The Physiological Basis for Various Constitu- 
ents in Survival Rations. III—The Efficiency of 
Young Men Under Conditions of Moist Heat. 
Frederick Sargent, II, V. W. Sargent, and R. E. 
Johnson. IV—An Integrative Study of the All- 
Purpose Survival Ration for Temperate, Cold, and 
Hot Weather. Frederick Sargent, II, and R. E. 
Johnson. USAF WADC TR 53- 484, Pts. Ill, 
IV [AD 142232; AD 142233], Dec., 1957. 695: 
17 pp. 149 refs. 
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Further Attempts in Coding Aircraft Acciden 
W. B. Webb, E. E. Miller, and L. M. Seale 
(28th Aero Medical Assoc. Meeting, Denver, May 
8, 1957.) J. Av. Med., Mar., 1958, pp. 220-225, 
Description of aircraft accidents from the psychol. 
ogist’s point of view. 

Effects of Elevated Temperatures on Perform. 
ance of a Complex Mental Task. W. D. Chiles 
USAF WADC TR 57-726 [AD 142192], Dec, 
1957. 9 pp. 

The Effect on Transfer of Varying ss 
During Training. Cc. P. Duncan and B. J. 
derwood. USAF WADC TR 56-279 [AD 14 
2134), Dec., 1957. 35 pp. 29 refs. 

Some Correlations Between Psychologic and 
Physiologic Events in Aviation Biology. J. P. 

enry. (2nd Europ. Congr. Av. Medicine, 
Stockholm, Sept. 18, 1957.) J. Av. Med., Mar, 
1958, pp. 171-179. 36 refs. 

Ispol’zovanie Zhidkogo Kisloroda pri Vysotnykh 
Poletakh. L. Malkina. Kryl’ia Rodiny, Feb. 
1958, p. 17. In Russian. Discussion of the use 
of liquid oxygen in high-altitude flight, with 4 
brief review of available research data. 

The Influence of Graded Impedance to Tracheal 
Air Flow on Timed Vital Capacity Measurements 
of Normal Human Subjects. F. G. Hall and L, 
C. Sappenfield, Jr. USAF WADC TN 57-353 
[AD 142041], Oct., 1957. 6 pp. 

Safety Standards for Low Pressure Chamber 
Under Variable Temperature Conditions. Ap. 
pendix A—Personal Equipment Recommenda. 
tion & References. Appendix B—Suggested 
Examination Form. ATC Rep. 
Dec. 11,1950. 23 pp. 

Human Saginooring 

Aviation Human Engineering Is a Scientific 
Specialty. S. J. Klein and Ch. F. Gell. (28% 
Aero Medical Assoc. Meeting, Denver, May 7, 
1957.) J. Av. Med., Mar., 1958, pp. 212-219 
12refs. Discussion of the origin of term and prob. 
lems of human engineering. 

Human Factors in Space Flight. E. B 
Konecci. Aero/Space Engrg., June, 1958, pp. 3+ 
40.48. 13 refs. Discussion of the determinant 
factors in space flight such as space cabin require. 
ments, cabin environment, decompression, cosmic 
radiation, and weightlessness. The majority of 
human factor problems can be solved by existing 
engineering techniques and data. 

Human Factors in Selected Multi-Engine Je 
Aircraft Accidents. A. F. Zeller. (28th Aen 
Medical Assoc. Meeting, Denver, May 7, 1957) 
J. Av. Med., Mar., 1958, pp. 197-205. 

Metrical Relations Among Dimensions of the 
Head and Face. Appendix A—Abbreviated 
Descriptions of Head-Face Dimensions. Ap 
pendix B—Computation of the Correlation Co. 
efficients. C—Formulas for Regres- 
sion Equations. Edmund Churchill and Brue¢ 
Truett. USAF WADCTR 56-621 [AD 110629), 
June, 1957. 127 pp. 11 refs. 

WAF Trainee Body Dimensions: A Correla- 
tion Matrix. Edmund Churctill and Katherin 
Bernhardi. USAF WADC TR 57-197 [AD 
118161], Apr., 1957. 75 pp. 

Human Factors Considerations in the Desig 
Proposals for a Ballistic Missile Unit Proficiency 
System. F. F. Kopstein and R. L. Morgan 

WADC TN 57-352 [AD _ 142040 
Dec., 1957. 12 pp. 

Effect of Traffic Configurations on the Accuracy 
of Radar Air Traffic Controller Judgments. 
Appendix—-A Technique for the Preparation o 
Simulated Radar with Exponentially 
Fading Trails. J.C. McGuire. USAF WADI 
TR 56-73 [AD 118268], May, 1957. 18 pp. 

In-Flight Comparison of Pilot Performance ons 
Standard USAF and an 
Panel. J. F. Gardner, R. J. Lacey, See- 
ger. and J. E. Wade. USAF TR: 
[AD 118255], Sept., 1957. 18 pp. 13 refs. 

The Effect of Motion Relationship and Rate of 
Pointer Movement on Tracking Performance. 
J. F. Gardner. USAF WADC TR 57-533 [AD 
131002], Sept., 1957. 20 pp. 18 refs. 

Evaluating Audio Warning wa” for Weapon 
Systems. D. E. Erlick and D. P. Hunt. USA 

TR 57-222 [AD Apr., 1957. 

PP 

Chemistry 
Organic Compounde of Gallium—A Summay 

of the Literature. J. Frank, R. W. Sullivan 
and V. W. Sichtemicee USAF WADC Th 
57-006 [AD 142158], Nov., 1957. 22 pp. # 
refs. 

Measurements of the Viscosity of Gas Mir 
tures. W. A. Straussand Rudolph Edse. USAF 
WADC TR 57-484 [AD 142082], Aug., 1957 
15 pp. 

The High-Temperature Kinetics of the Hydro- 
Reaction. Arthur Levy. USAl 

DC TR 57-486 [AD 142055], Oct., 1957. 2 
23 refs. 

goat of Hydrogen Exchange Between Hy 
drogen-Peroxide and Water Studied by Proto 
Magnetic Resonance. M. Anbar, A. Loewer 
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stein, and S. Meiboom. Weizmann Inst. Sci. 
Paper (USAF EOOSR TN 58-169) [AD 152196], 
Mar., 1958. 16 pp. 16 refs. 

Coordination Polymers. W. C. Fernelius, 
Maurice Shamma, N. R. Garofano, D. E. Martin, 
D. E. Goldberg, and F. D. Thomas, III. USAF 
WADC TR 56-203, Pt. II [AD 142191], Dec., 
1957. 62pp. 91 refs. 

Synthesis and Characterization of New Vinyl 
Polymers. L. E. Coleman, Jr., and W. S. Dur- 
rell. USAF WADC TR 58-3 [AD 142296}, 
Jan., 1958. 21 pp. 16 

Bailar, Jr., W. C. Drinkard, Jr., and M. L. Judd. 
USAF WADC TR 57-391 [AD 131100), Sept., 
1957. 46 pp. 38 refs. 

The Polymerisation of Phosphonitrilic Chlo- 
rides. I[1I—The Effect of Water on Polyphosphoni- 
trilic Chloride. F. G. R. Gimblett. Gt. Brit., 
RAE TN Chem.1322, Nov., 1957. 13 pp. 12 
refs. 

Determination in Zirconium 
WADC TN dride. one; 

57-294 [AD 1421861 1957. 7 pp. 

X-Ray Emission Lines and 20 Values for Lith- 
ium _— Analyzing Crystal. W. L. Baun 
and R. E. Brocklehurst. USAF WADC TR 

[AD 131063), Sept., 1957. 54 pp. 

Occlusion of Alkylsilanes by Urea. Jack 
Radell, P. D. Hunt, and W. D. Burrows. SAF 
WADC TR 58-14 [AD 142303), Jan., 1958. 16 
pp. 12 refs. 
The Quantitative Analysis of the Fungicide 

Dunton. USAF WADC 57-342 [AD 142- 
277), Jan., 1958. 8 pp. 

Reactions in Electrodeless Discharges Between 
Volatile Halides and one Compounds. G. 
C. Akerlof. USAF ADC TR 57-189 [AD 
131095), Sept., 1957. pp. 20 refs. 

Computers 
Tables for Automatic Computation. H. S. 

Wilf. Assoc. Comp. Mach. Commun., Jan., 1958, 
pp. 8-11 

A Programmed Binary Counter for the IBM 
Type 650 Calculater. B.C. Kenny and J. A. 
Hunter. Assoc. Comp. Mach. Commun., Jan., 
1958, p. 11. 
A Machine Method for Square-Root Computa- 

tion. R. W. Bemer. Assoc.° Comp. Mach. 
Commun., Jan., 1958, pp. 6, 7. 

Minnen i Elektroniska Siffermaskiner. Carl- 
Ivar Bergman. Tek. Tidskrift, Apr. 1, 1958, pp. 
307-315. 15 refs. In Swedish. Presentation of 
data on electronic computer and memory types. 

A Decimal Adder Using a Stored Addition 
Table. M.A. Maclean and D. Aspinall. (IEE 
Measurements & Control Sect. Meeting, Nov. 5, 
1957.) (IEE Paper 2389 M.) IEE Proc., Pt. B, 
Mar., 1958, pp. 129-135. 

Feinteilen der Taktgeberscheibe eines elek- 
tronischen Rechenautomaten. H.-J. Dreyer, 
Th. Gorr, and W. Schiitte. VDI Zeitschrift, 
Mar. 11, 1958, pp. 329-331. In German. De- 
scription of a ‘‘metronome’”’ disc used in electronic 
computers for the coordination between the elec- 
tronic and mechanic components. 

Data Transmission Testing Set. J. E. Bought- 
wood and T. A. Christie. (AJEE Winter Gen. 
Meeting, New York, Feb. 2-7, 1958, Paper 58- 
172.) Elec. Eng., Mar., 1958, pp. 232-235. 
Description of a transmission testing set for high- 
speed data circuits used in the development of 
binary data transmission systems. 

The Design of the Control Unit of an Electronic 
Digital Computer. M. V. Wilkes, W. Renwick, 
and D. J. Wheeler. (JEE Measurement Control 
Sect. Meeting, Nov. 5, 1957.) (IEE Paper 2635 
M.) JEE Proc., Pt. B, Mar., 1958, pp. 121-128. 
Discussion of several related approaches to the 
problem of achieving a systematic and flexible 
design for a control unit of an electronic digital 
computer. 

An Accurate Electroluminescent Graphical- 
Output Unit for a Digital Computer. T. Kilburn, 
G. R. Hoffman, and R. E. Hayes. (JEE Meas- 
urement & Control Sect. Meeting, Nov. 5, — ) 
(IEE Paper 2441 M.) IEE Proc., Pt. B, 
1958, pp. 136-144; Discussion, pp. 144- M6; 
Author’s Reply, p. 146. 14refs. 

Guiding the Terrier. R.M.Nolan. Ordnance, 
Mar.-Apr., 1958, pp. 914, 915. Discussion of 
the operation of the Mark 100 computer in prob- 
lems of acquisition, tracking, prediction, ballistic 
lead angles, and true and apparent wind. 

Control Theory 
Ob Ustoichivosti Nelineinykh Reguliruemykh 

Sistem, Opisyvaemykh Differentsial’nymi Urav- 
neniiami Piatogo i Shestogo Poriadka. N. 
Rozenvasser. Avtom. i Telemekh., Feb., 1958, pp. 
101-113. In Russian. Application of the Lourie 
theorem to derive the stability conditions of cer- 
tain nonlinear control systems described by the 
5th- and 6th-order differential equations. 

K Teorii Odnoi_ Releinoi Sistemy. V. S 
Boiarinov and N. N. Leonov, Avtom. i Tele- 
mekh., Feb., 1958, pp. 114-134. In Russian. 

AERODYNAMICISTS & STRUCTURES ENGINEERS 

openings on advanced 

VTOL Projects... 

Bell Aircraft is making steady progress toward the 
development of high-performance, jet aircraft which 
will take off and land vertically in a conventional 
attitude. Two test vehicles, one of them the X-14, 
have been flown successfully. 

Expansion of this VTOL program has created open- 
ings for experienced aerodynamicists and structures 
engineers with experience in these fields: 

@ Flutter and Vibration 

@ Flight Control Systems 

@ Propulsion Systems Design and Analysis 

@ Armament and Installation Layout 

@ Structural Design and Analysis 

Here are challenging, long-range opportunities to 
participate in the development of the planes of 
tomorrow. Top drawer salaries and benefits with a 
world of room for rapid advancement. Please 
write: Supervisor of Engineering Employ- 
ment, Dept. A-31, BELL AIRCRAFT CORPORATION, 
P.O. Box 1, Buffalo 5, N. Y. 

July 1958 + Aero/Space Engineering 83 
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The CWT Control Room... As wind tunnel tests grow more complex, 
facilities such as these enable the CWT to deliver results of the highest 
reliability and usefulness. 

Wish you had w 

Wind Tunnel 
It’s often the shortest distance 

between question and answer 

FOR AERODYNAMIC DEVELOPMENT PROBLEMS...If you are 

concerned with problems of aerodynamic development, have you con- 
sidered using the facilities of the CWT —the Southern California 
Cooperative Wind Tunnel? 

Since 1945, the CWT has had an important role in the testing and 
development of a wide range of civilian and military aircraft and 
missiles. With density variable from 1/10 to 4 atmospheres, Mach 
numbers from 0 to 1.8, and a wide variety of instrumentation, the 
CWT is thoroughly competent to solve problems in such diversified 
fields as performance, stability and control, loads, flutter, engine inlet 
and exhaust, component dynamics, internal aerodynamics, store ejec- 
tion, and other areas. 

In addition to its five owner companies, the CWT serves a number 

of governmental and aircraft manufacturers throughout the country. 

If you would like more information regarding its facilities, you are 

invited to write us. 

Operated by the 
California Institute of 

Technology. Owned 

by Convair, Douglas, 

Lockheed, McDonnell 

950 S. Raymond Ave., Pasadena, Calife and North American. 
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Application of the method of point transforma. 
tion to the study of a relay system treated pre. 
viously by Fliigge-Lotz and Klotter. 

Erzwungene Schwingungen und Fehler bej 
Regelsystemen mit zeitlich variabler Regelstiarke, 
G. Ludwig and H. Rollnik. ZAMM, Jan.-Feb 
1958, pp. 16-20. In German. Derivation of ¢ 
solution for the problem of servomechanisms 
with variable control strength by (a) determining 
the influence of an external force by means of the 
corresponding particular integral and (b) de 
termining the deviation from the prescribed end 
position at ¢ = 0 for arbitrary initial conditions 

Ob Analiticheskoi Formulirovke Zadachi Sin. 
teza Korrektiruiushchikh Ustroistv v Lineinykh 
Sistemakh. V.G. Segalin. Avtom. i Telemekh, 
Feb., 1958, pp. 148-161. 10 refs. In Russian. 
Analy tical formulation of the generalized problem 
of corrective devices in linear serv osystems. In. 
cludes derivation of transfer functions using the 
derived basic equations. 

Backlash and Resilience in Servo Systems, 
J. McC. Foye. Elec. Energy, Mar., 1958, pp. 98 
102. Discussion of the effect of resilience and 
backlash on the performance of position contro 
systems. 

Opredelenie Parametrov Korrektiruiushchikh 
Ustroistv Lineinykh Slediashchikh Sistem po 
Zadannym Znacheniiam ikh Obobshchennykh 
Parametrov. M. M. Kreimerman, Avtom. j 
Telemekh., Feb., 1958, pp. 135-147. In Russian 
Derivation of an analytical method for deter. 
mining the parameters of corrective devices in 
linear servosystems using given generalized pa. 
rameters, 

Considerazioni sui Servomotori a Corrente 
Continua e sui Servomotori a Corrente Alternata, 
Alfredo Vallini and Andrea Gionso. (Rendiconti 
dell’AEI, Trieste, 1956.) U. Pisa, Eng. Fac 
Paper, No. 793, 1956. Spp. InItalian. Eval 
uation of operating characteristics of main a.c. or 
d.c. servomotor types either in static or dynamic 
regime. 

Experimental Investigations of a Hydraulic 
Servomotor. Ken Itd. Nihon U., Res. Inst 
Tech. J., Dec., 1957, pp. 1-5. In Japanese 
Measurement of the frequency response of a servo- 
motor with underlapped pilot valves and witha 
nearly ideal pilot valve. 

Education & Training 
Isolating Predictor Patterns Associated with 

Major Criterion Patterns. L. L. McQuitty 
USAF PTRC RRTN 57-113 [AD 134236], Aug. 
1957. 42 pp. 28 refs. Review of pattern-an 
alytic methods to isolate patterns of successful 
behavior. 

Training Suitability Evaluation: Trainer, Fuz- 
ing, Firing, Drop Sequence Type XMN-14. V. 
E. Montgomery. USAF PTRC DRTN 57-116 
[AD 134249], Aug., 1957. 4pp. Analysis of the 
functions to be performed by the trainer in vari- 
ous situations. The operation and maintenance 
require no special skill. A series of colored trans 
parencies should be used to satisfy the training 
objectives implied by the trainer, 

Radar Observer Training Devices. I-—De 
velopment of an Airborne Video 
tem. II—Instructions for Operation and 
tenance of Video Playback Console. R. 
Heintz, Jr. USAF PTRC TR 57-3, Pts. I, 7 
[A D 134245; AD 134246], July, 1957. 53; 50 pp. 

Electronics 

Amplifiers 
Radio Frequency Tuners and I-F Amplifiers 

for Transistors. Appendix—-Design of 455 KC 
Double Tuned Filter with a Chebishev Response. 
E. A. Abbot. USAF WADC TR 57-256 [AD 
142105), Oct., 1957. 47 pp. 

An Traveling- Wave 
Tube Amplifier. K. . Chang. RCA Ret, 
Mar., 1958, pp. 86-97. 

ieent Drive Amplifier for Two-Speed Servos. 
B. a tr. Electronics, Mar. 14, 1958, pp. 146, 
14 

Antennas, Radomes 

Electrical Test Procedures for Radomes ané 
Radome Materials. Appendix I—Radome Test 
Fixtures. Appendix I1l-—-Nearfield Measure 
ments. Appendix III—Radome Terminology. 
AIAA ATC Rep. ARTC-4, Apr. 1, 1958 8 

Ppp. 

Capacitors 

Micronic Capacitor. R.F. Hoeckelman, C. W. 
Hoornstra, and M. Yang. USAF WADC TR 
57-22 [AD 131059], Aug., 1957. 56 pp. De 
scription of silicon oxide capacitors, and preset 
tation of electrical properties for temperatures 
from —40°C. to 200°C. 

Circuits & Components 

Regenerative Amplifier Circuit Using Internal 
Cavity Type Reflex Klystron with Co-Axial Tuner. 
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Foote Bros. Transmission Selected | 
for New HU2K Utility Helicopter , 

When the Navy's new HU2QK Utility Helicopter ‘‘joins the fleet,’’ it will be 

equipped with main Rotor Transmissions built by Foote Bros.—further 

evidence of the confidence placed in us and our ability to provide a 

vital component for still another important military weapon. 

Here at Foote Bros., we believe that every contribution we can make 

toward the design, development and perfection of more efficient, more 

dependable components for our country's military capability is more 

than just good business; it is an obligation and a trust we are 

privileged to bear. 

lf your problem involves any phase of power transmission . . . if you 

require the highest quality precision gearing or actuating mechanisms 

for aircraft, engines, or missiles, come to Foote Bros. first. Here you 

will find the experience, skill, facilities, and high traditions of a 

proven partner to the aviation industry. 

the finest industrial 

July 1958 Aero /Space Engineering 
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Koryu Ishii. Nihon U., 
1955, pp. 1-6. 10 refs. 

Fast Transistor Relay. D. L. Anderson. 
Electronics, Mar. 14, 1958, p. 145. Circuit de- 
scription of a push-pull switching unit capable of 
handling up to 10 amps. 

Res. Inst. Tech. J., Nov., 
In Japanese. 

Induction by an Oscillating Magnetic Dipole 
Over a Two Layer Ground. J.R. Wait. Appl. 
Sci. Res., Sect. B, No. 1, 1958, pp. 73-80. De- 
rivation of an expression for the mutual electro- 
magnetic coupling between two small loops over a 
two-layer ground in a form suitable for calculation 
by a digital computer. 

Dinamicheskie Kharakteristiki Elementov 
Elektricheskikh Tsepei. K.M. Polivanov. AN 
SSSR Dokl., Jan. 1, 1958, pp. 80-83. In Russian. 
Evaluation of dynamic characteristics of electric 
circuit elements. 

Communications 

The Measurement of Power Spectra from the 
Point of View of Communications Engineering. 
II. R. B. Blackman and J. W. Tukey. Beil 
System Tech. J., Mar., 1958, pp. 485-569. 57 
refs. 

fatemaetie Telegraph Switching System Plan 
5- S. Vernam. (AIEE Winter Gen. 

Meeting, “New York, Feb., 1958.) W. U. Tech. 
Rev., Apr., 1958, pp. 37-50. Description and 
operation of an automatic communication system 

used by the USAF. This system has a substan- 
tially greater message capacity, and operates 
normally at high speed with a minimum of skilled 
personnel. 

Message Procedures for Unfavorable Com- 
munication Conditions. Irwin Pollack (USAF 
CRC TR 57-7, 1957.) ASA J., Mar., 1958, pp. 
196-201. 13 refs. Examination of two com- 
munication procedures under unfavorable noise 
conditions. A procedure based on the principle 
of reducing the class of alternatives per selection 
is superior to a simple repetition of the message 

Dynamic Analog Speech Synthesizer. George 
Rosen. ASA J., Mar., 1958, pp. 201-209. 16 
refs. USAF- supported description of the design 
of typical elements and sections of the dynamic 
analog, and discussion of preliminary experiments 
in which the synthesizer generates a few simple 
syllables when controlled by a very rudimentary 
device. 

Noise Shield for Microphones Used in Noisy 
Locations. M.E.Hawley. ASA J., Mar., 1958, 
pp. 188-190. Discussion of experimentations 
with materials and methods to study improve 
ments of the shield. Results indicate that mi- 
crophones with solid-line noise shields give higher 
word articulation scores than microphones 
mounted in oxygen masks. 

Broad-Band Slot-Coupled Microstrip  Di- 
rectional Couplers. Appendix I—Radiation 
Through Small Holes. Appendix II—Coupled 
Wave Theory. J. M. C. Dukes. (JEE Radio 
& Telecommunication Sect. Meeting, Nov. 13, 
1957.) (IEE Paper 2402 R.) IEE Proc., Pt. B, 
Mar., 1958, pp. 147-154. 12 refs. 

F-M Exciter for Sight or Scatter Systems. A. 
E. Anderson and H. D. Hern. Electronics, Mar. 
14, 1958, pp. 148-151. Description and opera- 
tion of an FM exciter. It is used either to provide 
excitation for a scatter-system power amplifier or 
as a line-of-sight transmitter. 

Construction Techniques 

Electronic Circuit Packaging for Missile Ap- 
plications. S. G. Bassler. Elec. Mfg., Mar., 
1958, pp. 123-129. Discussion of package design 
considerations for high shock and high vibration 
applications. Test results, size, and weight effi- 
ciencies are described for radial, axial, and planar 
constructions. 

Design Ceramic Coil Housings. T. L. Snow- 
don. Mil. Electronics, Mar., 1958, pp. 22-24. 
Development of a hermetically sealed cased coil 
made of a ceramic material and sealed with an 
epoxy-resin. 

Delay Lines 

Time Delay Relays; Their Development and 
eg B. H. Ciscel and H. S. Woodward. 

tssile Des. & Devel., Mar., 1958, pp. 20-22. 

Dielectrics 

Ferroelectrics as Solid-State Devices. R. A. 
Fotland. Elec. Mfg., Mar., 1958, pp. 130-137. 
Summary of the properties, mechanism, and 
applications of nonlinear dielectrics. 

Electronic Tubes 

Electronic Tubes for Missile Applications. R. 
Slinkman. Missile Des. & Devel., Mar., 

1958, pp. 16-19. Discussion on the development 
of tubes with good high-temperature performance, 
freedom from intermittent shorts, low vibrational 
noise output, and ability to withstand consider- 
able vibration fatigue. 
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Considerations Affecting the Rise and Decay of 
Cathode Currents in Receiving Tubes. E. R 
Schrader. RCA Rev., Mar., 1958, pp. 109-127. 

A Proposed High-Frequency, Negative-Resist- 
ance Diode. W. T. Read, Jr. Bell System 
Tech. J., Mar., Vi058, pp. 401-446. Description 
and analysis of a proposed semiconductor diode 
designed to operate as an oscillator when mounted 
in suitable microwave cavity. The diode is 
biased in reverse so as to establish a depletion, or 
space-charge, layer of fixed width in a relatively 
high-resistance region, bounded by very low re- 
sistance end regions. 

Ekvivalentnye Skhemy Poluprovodnikovykh 
Triodov dlia Shirokogo Diapazona Chastot. K. 
Shul’gin. Radio, Mar., 1958, pp. 52-55. In 
Russian. Discussion of equivalent circuits of 
semiconducting triodes for a broad frequency 
range. 

Magnetic Devices 

kristallov. N. A. Potapkov. AN R Dokl., 
Jan. 11, 1958, pp. 269-272. In Analy- 
sis of the theory of anisotropy of ferromagnetic 
single crystals using Dyson’s theory. 

Networks, Filters 

An Approach to the Design of Constant-Resist- 
ance Amplitude Equalizer Networks. J. S. 
Bell. (JEE Paper 2464 R.) IEE Proc., Pt. B, 
Mar., 1958, pp. 185-189. 

Re-Entrant Transmission-Line Filter Using 
Printed Conductors. J. M. C. Dukes. (JEE 
Radio & Telecommunication Sect. Meeting, Nov. 
13, 1957.) (IEE Paper 2444 R.) IEE Proc., 
Pt. B, Mar., 1958, pp. 173-179; Discussion, pp. 
180, 181. Extension of the filter theory and de- 
scription of a new procedure for the design of mi- 
crowave low-pass filters. 

A Normalized Nomogram for the Wada 
Transformation. K. M. Chapman. USA 
WADC TN 57-372 [AD 142098], Dec., i057, 
6 pp. 

Radar 
Atmospheric Angels Mimic Radar Echoes. V. 

G. Plank. Electronics, Mar. 14, 1958, pp. 140- 
144. Discussion of the possible causes and the 
effect of atmospheric ‘‘angels.’’ The known or 
theorized sources are given. 

Fire Control Radar Techniques. Ch. E. Brock- 
nerand R.C. Price. Sperry Eng. Rev., Mar., 1958, 
pp. 2-10. Review of the electronic techniques 
making it possible for a radar to track a mov- 
ing target and thus provide a constant indication 
of the target’s position. Automatic tracking and 
Doppler principles are outlined, and clutter and 
low-angle tracking problems are discussed. 

Reliability 

Optimum Design for 5 ag a: the Group 
Redundancy Approach. J. H. S. Chin. Sperry 
Eng. Rev., Mar., 1958, pp. 16-21 Evaluation of 
several conventional methods of enhancing equip- 
ment reliability. The group redundancy system 
is developed; it provides good reliability with a 
ow small increase in overall engineering 
effort. 

Resistors 

Study of Physical Shemneinetes of Thin Film 
Resistance Element D. W. Moore. USAF 
WADC TR 142324], Dec., 1957. 

41 pp. 
Research and Development of High Tempera- 

ture, Radiation Resistant, Fixed Resistors. a 
E. Hauth, Jr., and R. E. Vanderhaar. USAF 
WADC TR 57-363 [AD 142257], Nov., 1957. 
30 pp. 12 refs. 

Theoretical and Experimental Investigations on 
Thin Film Resistance Elements. D.M. Hoffman 
and Jacob Riseman. USAF WADC TR 57-215 
{AD 130996], July, 1957. 41 pp. 16 refs. 

Semiconductors 

Where to Use the New Semiconductor Ma- 
terials. R. K. Willardson and T. S. Shilliday. 
Materials in Des. Eng., Mar., 1958, pp. 114-118. 
Presentation of semiconductor materials, their 
properties, and present or anticipated applica- 
tions. Some of their more promising applica- 
tions are discussed. 

Pogloshchenie Infrakrasnogo Izlucheniia v 
Poluprovodnikakh. N. I. Fan’. Uspekhi Fiz. 
Nauk, Feb., 1958, pp. 315-360. 126 refs. In 
Russian. Investigation of the absorption of in- 
frared radiation in semiconductors, covering the 
basic theory, measuring methods, germanium 
and silicon, antimony indium, and tellurium. 

Chuvstvitel’noe k Magnitnomu Poliu. G. 
Pikus and O. V. Sorokin. Aviom, i Telemekh., 
Feb., 1958, pp. 187, 188. In Russian. Discus. 
sion and review of previously obtained results on 
nonlinear semiconductor resistances with mag- 
netic field sensitivity. 

Large-Area Germanium Power Transistors. 
B. N. Slade and Jane Printon. RCA Rev., Mar., 
1958, pp. 98-108. Discussion of a further ex- 
tension of the high-current and power performance 
of p-n-p and n-p-n germanium transistors. 

Issledovanie Prodol’nogo i Poperechnogo Gal’- 
vanomagnitnykh Effektov na Mnogokristalle 
Germaniia n-Tipa po Glavnym Kristallografiches- 
kim Osiam. R. G. Annaev and A. Allanazarov. 
AN SSSR Dokl., Jan. 1, 1958, pp. 47-50. In 
Russian. Investigation of the longitudinal and 
transverse galvanometric effect in n-type ger- 
manium single crystals cut out along the main 
crystallographic axes. 

Telemetry 

Osnovnye * Teorii Telemekhaniches- 
kikh Ustroistv. sav rilov. AN SSSR 
Vestnik, Feb., 1958, “pp. 13-22. In Russian. 
Discussion of the basic concepts eo telemechanical 
systems, covering qualitative and quantitative 
aspects of the theory and various applications. 

O Chastotnykh Metodakh Teleupravieniia 
Rassredotochennymi Ob’ektami. V. A. Il’in and 
K. P. Kurdiukov. Aviom i Telemekh., Feb., 
1958, pp. 174-186. In Russian. Development 
of the frequency method for selecting and control- 
ling distributed objects. Includes evaluation of 
remote-control devices with frequency relays hav- 
ing series oscillatory circuits. 

Transmission Lines 

Transmission-Line Low-Pass Filters; Design 
Methods for the V.H.F. and U.H.F. Bands. Elec- 
tronic & Radio Engr., Mar., 1958, pp. 103-111. 

An Instrument for the Measurement of Surface 
Impedance at Microwave Frequencies. A. E. 
Karbowiak. (JEE Paper 2461 R.) IEE Proc., 
Pt. B, Mar., 1958, pp. 195-203. 

The Application of Printed-Circuit Techniques 
to the Design of Microwave Components. J. M. 

Dukes. (IEE Radio & Telecommunication 
Sect. Meeting, Nov. 13, 1957.) (IEE Paper 2401 
R.) IEE Proc., Pt. B, Mar., 1958, pp. 155-172. 
34 refs. Survey of the basic theory of strip trans- 
mission lines including such undesirable effects as 
spurious mode transmission and radiation. In- 
cludes discussion of a variety of materials and de- 
scription of a measuring technique. 

Dimensional and Fitting Tolerances of Rec- 
tangular Waveguides. G. E. Epprecht. (PTT 
Tech. Mitteil., No. 34, 1956, pp. 370-376.) Gt. 
Brit., MOS TIL/T4844, Jan., 1958. 9 pp. 

Wave Propagation 

Tropospheric Scatter Propagation—A Summary 
of Recent Progress. Harold Staras. RCA Rev., 
Mar., 1958, pp. 3-18. 22 refs. Survey of a 
new mode—the tropospheric scatter propagation, 
and evaluation of its characteristics in terms of 
simple physical rather than mathematical aspects. 

Rasseianie Zvukovykh Voln v 
Volnovodakh. A. D. Lapin. AN SSSR Dokl., 
Jan. 1, 1958, pp. 55-58. In Russian. Generali- 
zation ‘of the solution to the problem covering the 
scattering of sound waves in nonregular wave 
guides. 

Wave Theory 

A Beam Analyzer for Backward-Wave Inter- 
action Study. Appendix I—Dynamic Analysis of 
the Deflection System. Appendix II—The 
Electrostatic Lens as a Space Serr. 
Transducer. Amnon Yariv. USAFWADCTR 
= —250 [AD 131061], Aug., 1957. 40 1 pp. 17 
refs. 

Equipment 

Hydraulic & Pneumatic 

There’s a Place for High-Pressure Pneumat- 
ics as Well as Hydraulics. H. E. Wright. SAE 
J., Mar., 1958, pp. 90-94. Evaluation of hy- 
draulic and pneumatic systems by comparison of 
three major parts—actuating cylinders, transmis- 
sion lines, and energy sources. 

Fuels & Lubricants 
Accelerated Storage Stability of Aviation Fuels. 

R. W. Sneed, O. M. Ballentine, and J. H. Winter- 
haulter. USAF WADC TR 55-138 [AD 118- 
109), Mar., 1957. 30 pp. Study of the deterior- 
ation of aviation fuels which may be expected 
during storage at desert temperatures. 

Petroleum Investigations. Lubri- 
cation, Mar., 1958. 16 pp. 

Heat Content of Sodium Borohydride and of 
Potassium Borohydride from U° to 400°C. T.B 
Douglas and A. W. Harman. J. Res., Feb., 
1958, pp. 117-124. 

High Temperature Hydraulic Fluid Develop- 
ment Status and Engineering Data. George 
Baum and R. J. Benzing. USAF WADC TR 

36 pp. 35 57-167 [AD 131009}, Aug., 1957, 
refs. 
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Silicone Fluid Research for the Development of 
High Fluid and Engine 
Oils. E. D. Brown, Jr., and N. G. Holdstock. 
USAF WADC TR 56-168, Pt. II{[AD 150988], 
Feb., 1958. 138 pp. 

High Temperature ay Dry Film Lubricants. 
M. T. Lavik. USAF WADC TR 57-455 [AD 
150982], Feb., 1958. pp. 

High Temperature Antioxidants for Synthetic 
Base Oils. VIII—Evaluation in 
Synthetic Fluids. J. W. USAF 
WADC TR 53-293, Pt. VIII (ap 150994}, Feb., 
1958. 68pp. 17 refs. 

Masliannaia Podgotovka Dvigatelia. N.Sama- 
rov. Grazhdanskaia Aviatsiia, Feb., 1958, p. 25. 
In Russian. Description of lubricating systems 
for aircraft power plants under winter operating 
conditions. 

Basic Factors in the Formation and Stability of 
Non-Soap Lubricating Greases. J. J. Chessick 
and A. C. Zettlemoyer. USAF WADC TR 
55- te 5 Pi. III [AD 130808), June, 1957. 44 pp. 
15 refs. 

Organosilanes and Related Compounds as 
High-Temperature Lubricants. II—Mixed 
Symmetrical Tetraalkylsilanes. Harold Rosen- 
berg, Christ Tamborski, and J. D. Groves. USAF 
WADC TR 54-613, Pt. III [AD 131066], Sept., 
1957. 14 pp. 

I Borani nella Propulsione Aerea. Ernesto 
Macioce. Riv. Aero., Apr., 1958, pp. 563-575. 
In Italian. Discussion of the application of 
boron to aircraft propulsion systems and evalua- 
tion of its physico-chemical and thermo-chemical 
properties. 

Nike Ajax Propellants. R.B.Canright. SAE 
J., Mar., 1958, p. 40. 

Investigation of the Premixed Jet Fuel-Red 
Fuming Nitric Acid Rocket Propellant System. 
L. E. Bollinger and Rudolph Edse. USAF 
WADC TR 57-407 [AD 142108], Oct., 1957. 25 

pp- 

Theoretical Performance of JP-4 Fuel with a 
70-Percent-Fluorine — 30-Percent-Oxygen Mix- 
ture as a Rocket Propellant. I—Frozen Com- 
position. Sanford Gordon and V. N. Huff. 
U.S., NACA RM E56A13a, Apr. 11, 1956. 38 
pp. 19 refs. 

Theoretical Performance of JP-4 Fuel with a 
70-30 Mixture of Fluorine and Oxygen as a Rocket 
Propellant. II—Equilibrium San- 
ford Gordon V. N. Huff. NACA RM 
E56F04, Oct. 2, 1956. 49 pp. x 2 refs, 

as a Source of Oxygen, 
Water, Heat and Power for Space Travel. N. 
S. Davis, Jr., and S. S. Naistat. AAS, 4th An- 
nual Meeting, New York, Jan. 31, 1958, Paper. 
14 pp. 29 refs. Discussion of possible applica- 
tions of H2O2 other than as a propellant in en- 
hancing the reliability of the vehicle and adding 
to passenger comfort. 

How Good Are Free Radicals? Erik Bergaust. 
Missiles & Rockets, Mar., 1958, pp. 78-80. Dis- 
cussion of the importance of free radicals. Re- 
search methods, properties, and production tech- 
niques are given. 

Ice Formation & Prevention 

Bibliography of Ice and Frost Control. T. H. 
McConica, III. USAF WADC TR 56-338, Pt. 
I [AD 142317], Jan., 1958. 126 pp. 319 refs. 

Instruments 

State of Development of Thermal Radiometer. 
Arnold Pfenninger, H. E. Henry, Maurice Godet, 
and C. A. Wogrin. USAF WADC TR 57-512 
[AD 151060], Mar., 1958. 50 pp. 

Apparatus for Precision Flash Radiography 4 
Shock and Detonation Waves in Gases. H. T 
Knight and Douglas Venable. Rev. Sci. Instr., 
Feb., 1958, pp. 92-98. 12refs. Application of a 
method due to Kistiakowsky utilizing the absorp- 
tion of soft X-rays to measure densities behind 
gaseous shock and detonation waves. 

Engine Instrument Calibration. Keith Judd. 
Lockheed Field Serv. Dig., Mar.-Apr., 1958, pp. 
3-10. Discussion of the reasons for using an in- 
place calibration procedure. The two general 
methods of calibrating BMEP transmitters and 
indicators are described. 

A New Universal Test Instrument for Flight 
Measurements. Rudolf Schmidt. (ZFW, No. 6, 
1957, pp. 161-168.) Gt. Brit., RAE Lib. Transl. 
706, Dec., 1957. 12 pp. 

Strémningsmatningar med Varmtrddssond. 
Berth Wikstrém. Tek. Tidskrift, Jan. 21, 1958, 
pp. 49-52. In Swedish. Discussion of flow 
measurements by means of a hot-wire anemom- 
eter, including the principles of application and 
calibration. 

Temperature Measurement with Thermistors. 
.C. Anderson. Electronic & Radio Engr., Mar., 

1958, pp. 80-84. Description of thermistor- 
thermometers which offer advantages in terms of 
fapidity of response and ability to read surface 
temperatures. Continuous monitoring of tem- 
perature from a remote point is possible. 

On a Thermometer with Recovery Factor r > 
1. J. A. Rietdijk and A. Valstar. Appl. Sci. 

Opportunities for 

XPERIENCED 
ENGINEERS 

in advanced jet, rocket, 
thermodynamics and aerodynamics fields 

The abilities and experience you can bring to a position as a Curtiss- 
Wright Senior Engineer in any of the above fields will determine the 

salary offered. In addition, there are liberal employee benefits which 
are part of the program of this diversified organization where individ- 
ual efforts and accomplishments are quickly recognized. 

Requirements include responsible experience in: 

PROPULSION SYSTEMS ENGINEERING 

Analysis and design of current jet and rocket propulsion systems... 
performance analysis and component design. Analysis of advanced 
propulsion systems such as high energy chemical rockets, plasma jets 
and ion rockets, with ultimate development of experimental programs. 

THERMODYNAMICS AND AERODYNAMICS 

Hypersonic heat transfer, combustion, magneto-hydrodynamics, aero- 
thermodynamics, aerodynamics. Minimum of 5 years experience 
desired. 

STRUCTURES ENGINEERS 

Missile systems structure experience in either basic design or theo- 
retical analysis. 

GAS TURBINE ENGINEERS 

Turbo machinery design. Gas turbine controls design and analysis. 
Stress and vibration analysis. 

Positions are open, although not all in each category, at the follow- 
ing Curtiss-Wright Divisions: Aerophysics Development Corporation, 
Santa Barbara, California; Metals Processing Division, Buffalo, N.Y.; 

Propeller Division, Caldwell, N. J.; Research Division, Quehanna, 

Pennsylvania (40 miles north of State College — Pennsylvania State 
University); Utica Division, Utica, Michigan and Wright Aeronau- 
tical Division, Wood-Ridge, N. J. 

Send detailed resume including salary requirements to: 

T. W. COZINE 

Mgr., Engineering Recruitment, Dept. G-10, 

Curtiss-Wright Corporation, Wood-Ridge, N. J. 

All replies confidential 

CORPORATION * WOOD-RIDGE, N. J. 

July 1958 
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Res., Sect. A, No. 4, 1958, pp. 
showing that it is possible to raise the recovery 
factor above one for a temperature-sensitive in- 
strument located in a high-speed gas flow. 

A Recording Sodium-Line Reversal Pyrom- 
eter. W. M. Brobeck, R. E. Clemensen, and 

251-255. Analysis 

W. E. Voreck. Jet Propulsion, Apr., 1958, pp 
249-252. Description of an instrument for the 
measurement of flame temperatures from 1,500° 
o 2,700°C. 

Lighter-Than-Air 
Avtomaticheskie Aerostaty. V. L. Agamirov, 

A. N. Glukharev, V. P. Antipov, and Yo A 
Morozov. Vesinik Vozdushnogo Flota, Mar., 
1958, pp. 50-54. In Russian. Historical survey 
of the balloon development, discussion of modern 
applications, and description of instrumentation 
used in meteorological surveys. 

Machine Elements 

A Numerical Note on Bearing Clearances and 
Shaft Stability. J. W. Head and G. M. Oulton 
Aircraft Eng., Apr., 1958, pp. 109-111. Analysis 
of the equations of Morris indicating that a cer 
tain degree of unbalance is necessary in order for 
steady circular motion to be possible. The be 
havior of the parameters occurring in the main 
equations is examined. 

Characteristics of Basic Roller Bearings. 
Johnny Riddle. Mach. Des., Mar. 6, 1958, pp 
138-145. Review of the types of roller bearings 
and discussion of the design variables which affect 
performance. 

O Uszczelnieniach Zigcz Gwintowych w Lotnic- 
zych Instalacjach Energetycznych i Paliwowych. 
Tadeusz Vorbrodt. Tech. Lotnicza, Jan.-Feb., 
1958, pp. 16-22. In Polish. Discussion of tech- 
niques for tightening of threaded fittings in air 
craft power and fuel systems. 

On Fluid Friction of Rotational Rough Disc in 
Vessel. Komei Watabe. JSME Bull., 

Jan., 1958, pp. 69-74. 

Polortkurven als Hilfsmittel zur Konstruktion 
von Gelenkgetrieben. Paul Lohse. ZAMM, 
Jan.-Feb., 1958, pp. 20-28. In German. Intro 
duction of the geometric loci of the poles as 
“polar loci curves’’ by means of “‘positional fami- 
lies,’’ and formulation of a generalized basic prob 
lem of size synthesis. Includes some examples 
illustrating possible applications. 

Design Data for O-Rings and Similar Elastic 
Seals. Appendix A, B—Review of the Literature 
on Stress Relaxation. Appendix C-—-High Tem- 

Seals. G. E. Trepus 
USAF WADC TR 56-272, Pt. II [AD 131094}, 
Sept., 1957. 106 pp. 55 refs. 

Materials 
1958 Missile Materials Review: A Report on 

Industry Use and Development of Present and 
Future Materials. A. J. Zaehringer and R. M. 
_ Missiles & Rockets, Mar., 1958, pp. 69 

In the Missile Era Materials Build a New Tech- 
nology. W. C. Rous, Jr. Missiles & Rockets, 
Mar., 1958, pp. 91-95, 98 -100. Review on fer- 
rous and nonferrous structural materials. Their 
significant characteristics, processing procedures, 
availability, and potential development are dis 
cussed. 

On the Screened Field Around an Impurity 
Atom in Metal. Hiroshi Fujiwara. Phys. Soc 
Japan J., Mar., 1958, pp. 250-260. 19 refs 
Calculation of the deviation of the potential 
from the periodic one for the pure matrix metal 
due to the presence of an impurity atom, and 
comparison with the screened Coulomb potential 

Premiers Renseignements sur les ‘‘Pyroce- 
rams’’ des Corning Glass Works. J. Cornillon. 
Docaéro, Mar., 1958, pp. 51-56. In French 
Description of general properties of pyrocerams 
including their mechanical, electrical, thermal, 
chemical, and optical characteristics, as well as 
their applications. 

On the Fracture of Metals. Masuji Uemura 
JSME Bul., Jan., 1958, pp. 7-12. 14 refs. In 
cludes presentation of the fracture criterion and 
description of tensile fracture tests of mild steel 
round bars having hyperbolic notches and notch 
brittleness. 

A Study of the Metallurgical Properties That 
Are Necessary for Satisfactory Bearing Perform- 
ance and the Development of Improved Bearing 
Alloys for Service Up to 1000° F. G.K. Bhat and 
A. E. Nehrenberg,§ USAF WADC TR 57-343 
[AD 142117], Nov., 1957. 68 pp. 

The Recovery of Embrittled Cadmium Plated 
Steel. H.H. Johnson, E. J. Schneider, and A. R. 
Troiano. U SAF W ADC 57-340 [AD 142 
244), Dec., 1957. 17 pp. 

Sheet Steels for High-Speed Aircraft and Mis- 
siles. A.L. Feild and M. E. Carruthers. Aero 
Space Engrg., June, 1958, pp. 41-44. 

A New Missile Material—Welded Stainless 
Steel Hollow Core. Michael Watter. Missiles & 
Rockets, Mar., 1958, pp. 104-110. Discussion of 
the advantages and wide range of applications of 
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resistance-welded structures. Construction meth- 
ods and test results are given. 

Ceramics & Ceramals 

Summary of Development and Evaluation of 
Insulating Type Refractory Coatings. Appen- 
dix A abular Summary of Composition and 
Evaluation of Refractory Coatings. S. Sklarew, 
C. A. Hauck, and A. V. Levy. USAF WADC 
T R 56-250 [AD 110410], Oct., 1956. 89 pp. 
Development and Evaluation of Insulating 

Type Ceramic Coatings. I-—-Development and 
_—, Scale Testing. S. Sklarew, C. A. Hauck, 
and A. V. Levy. USAF WADC TR 57 577, 
Pt. I [AD 150957], Feb., 1958. 92 pp. 
Development and Evaluation Services on Ce- 

ramic Materials and Wall Composites for High- 
Temperature Radome Shapes. J. J. Dorsey. 
USAF WADC TR 57-665 [AD 150965], Feb., 
1958. 16 pp. 

Crystal Habit of Alpha Alumina in Alumina 
Ceramics. N. Baumann, Jr. (Am. Ceram. 
Soc. 59th Annual Meeting, Dallas, May 7, 1957.) 
Am. Ceram. Soc. Bul., Apr., 1958, pp. 179-184. 
31 refs. 

A Thermal Expansion Apparatus with a Silicon 
Carbide Dilatometer for Temperatures to 1500°C. 
S. D. Mark, Jr., and R. C. Emanuelson. (Am. 
Ceram. Soc. 59th Annual Meeting, Dallas, May 8, 
1957.) Am. Ceram. Soc. Bul., Apr., 1958, pp. 
193-196. 31 refs. 

Ceramic Reinforced Alloys and Plated Cermets. 
M. T. Curran, R. R. K. Francis, R. S. 
Truesdale, and R. Tinkelpaugh. USAF 
WADC TR 57 [AD 130754)\, May, 1957. 42 
pp. 23 refs. 

Determination of Residual Stresses in Tita- 
nium Carbide-Base Cermets by High-Tempera- 
ture X-Ray Diffraction. H.W. Newkirk, Jr., and 
H.H. Sisler. Am. Ceram. Soc. J., Mar., 1958, pp. 
93-103. 49 refs. Experimental investigation of 
the thermal-expansion behavior of the nickel and 
carbide phases in specimens designated K-151-A 
and K-152-B for obtaining the basis of a quanti- 
tative theory predicting the stresses and strains 
present in these cermets. 

A Study of Graded Cermet Components for 
High Temperature Turbine Applications. H. 
W. Lawendel and C. G. Goetzel. USAF WADC 
TR 57-135 [AD 131031), Aug., 1957. 41 pp. 

Corrosion & Protective Coatings 

Preparation of Protective Coatings by Electro- 
phoretic Methods. A.C. Werner and R. J. Abel- 
son. USAF ms ADC TR 58-11 [AD 150970}, 
Feb., 1958. 22 pp. 

The Chromalloy Process. Alex Munro. Ind. 
Aeronautics, Feb., 1958, pp. 23-27. Description 
of a process in which chromium is diffused into 
the surface of iron or steel, creating a chromium- 
rich alloy. 

Preduprezhdenie Korrozii Obshivki Samoleta. 
L. Karmanova and S. Berenson. Grashdanskaia 
Aviatstia, Mar., 1958, p. 23. In Russian. Dis- 
cussion of methods for the corrosion protection of 
aircraft structural components. 

High Temperature 

Hégtemperaturmaterialens Utveckling. Elmar 
Umblia. Tek. Tidskrift, Mar. 4, 1958, pp. 185- 
190. 11 refs. In Swedish. Survey of the de- 
velopment of materials for high-temperature ap- 
plication. 

Metals & Alloys 

Target Specification_— Steel, Chromium-Nickel- 
Molybdenum-4340, Special Quality. AJAA 
ATC Rep. ARTC-14, Aug. 1, 1957. 5 pp. 

Issledovanie Metallicheskogo Soedineniia, Ob- 
razuiushchegosia v Splavakh Zhelezo-Titan. 
R. B. Golubtsova. AN SSSR _ Dokl., Jan. 1, 
1958, pp. 89-91. 10refs. In Russian. Investi 
gation of a metallic compound formed in iron- 
titanium alloys. 

Vliianiia Khroma, Molibdena i Vol’frama na 
Samodiffuziiu Zheleza v Razbavlennykh a-Tver- 
dykh Rastvorakh. I. B. Borovskii, G. P. Gurov, 
and Iu. G. Miller. AN SSSR Dokl., Jan. 11, 
1958, pp. 280-283. In Russian. Study of the 
influence of chromium, molybdenum, and tung- 
sten on the self-diffusion of iron in a-solid diluted 
solutions. 

O Prirode Neravnomernosti Plasticheskoi De- 
formatsii Metallicheskikh Monokristallov. E. 
D. Shchukin, Iu. V. Goriunov, N. V. Pertsov, and 
V. N. Rozhanskii. AN SSSR Dokl., Jan. 11, 
1958, pp. 277-279. In Russian. Investigation 
of the nature of unhomogeneous plastic deforma- 
tion in metallic monocrystals. 

Crystallographic Structure and Orientation of 
the y’ Phase in Four ae Nickel-Base 
Alloys. J. A. Amy and W. Bigelow. USAF 
WADC TN 57-247 [AD 1508341 July, 1957. 
12 pp. 12 refs. 

Fatigue Life of Metallic Materials Under Vary- 
ing Repeated Stresses of Two Different Stress 
Waves. Toshio Nishihara and Toshiro Yamada. 
JSME Bul., Jan., 1958, pp. 1-6. Description of 

fatigue tests under varying bending stresses and 
analysis of experimental results. 

A Theory of the Origin of Fatigue Cracks. N. 
F. Mott. Acta Metallurgica, Mar., 1958, pp. 
195-197. 18 refs. Presentation of a model 
based on the concept of cross slip in order to ex- 
plain how a slip band can develop into a crack if 
dislocations in the band are free to move back- 
wards and forwards. 

Determination of the Tensile, Compressive and 
Bearing Properties of Ferrous and Nonferrous 
Structural Sheet Materials Elevated 
tures. D. E. Millers USAF WADC TR 6517, 
Pt. V [AD 142218], Dec., 1957. 90 pp. 

Effect of Prior Creep on Mechanical Properties 
of Aircraft Structural Metals (2024-T86 Aluminum 
and 17-7 PH Stainless). 
Voorhees, and J. W. Freeman. 
TR 57-150, Pt. I [AD 150956], Feb., 1958. 106 
pp. 12 refs. 

Intermediate Phases in the Iron-Tungsten ont 
Cobalt- Tungsten Binary Systems. E. C. 
Reuth. USAF WADC TR 57-717 [AD 142 258], 
Dec., 1957. 23 pp. 17 refs. 

Investigation of the Effects of inconqepens 
Elements and The Interaction Effects of These 
Elements on High Temperature —— of Fe- 
Co-Ni-Cr Alloys. J. H. Sye, T. L. Robertshaw, 
and F. M. Richmond. USAF WADC TR 57- 
426 [AD 142237}, Dec., 1957. 102 pp. 

High Strength Parts; Powder Metallurgy Can 
Produce Iron Items in a Single Operation. Jack 
= Ordnance, Mar.-Apr., 1958, pp. 916, 
917. 

Aluminum Powder Metallurgy. F. V. Lenel, 
. B. Backensto, and M. V. Rose. USAF 

WADC TR 55-110, June, 1955. 77 pp. 39 refs. 

A Study of the Possibility of Reinforcing High- 
Temperature Alloys by Addition 
Powders. J. D. Burney. USAF TR 
57-535 [AD 150971}, Feb., 1958. ee 

Metals & Alloys, Nonferrous 

The Tensile and Fatigue Properties of a Large 
Section Light Alloy Spar with Reference to Mass 
and Directionality Effects. T. R. G. Williams. 
Gt. Brit., RAE TN Met.274, Oct., 1957. 28 pp. 

Aluminum and Its Alloys in 1957; Some As- 
pects of Research and Technical Progress Re- 
ported. E. Elliott. Metallurgia, Feb., 1958, pp. 
79-92. 216 refs. Review of research including 
discussions on extraction, casting, fabrication, 
constitution, properties, and standardization. 

Aluminum: For Missiles in Production. Don 
Fabun. Missiles & Rockets, Mar., 1958, pp. 85- 
87. Discussion of the integral part of aluminum 
in missile production. Low cost, wide availabil- 
ity, workability, and light weight are some of the 
advantages presented. 

Stronger Aluminum Casting Alloys. F. H. 
Smith. Metallurgia, Feb., 1958, pp. 64-70. 18 
refs. Discussion of the possibilities of alloying 
aluminum with copper, magnesium, zinc and 
magnesium, and silicon and magnesium. 

Mechanical Properties at Temperatures U: 
300°C of Aluminum Alloys D.T.D. 546 and H. 
at High Rates of Heating and Straining. M. S 
Binning and B Angell. Gt. Brit., RAE TN 
Met.278, Nov., 1957. 22 pp. 

Tentative Requirements for Quality Aluminum 
Alloy Castings. AJAA ATC Rep. ARTC-10, 
Apr. 1, 1955. 12 pp 

Note on Mechanical Behavior After Creep. 
George Gerard. J. Aero. Sci., June, 1958, pp. 
397, 398. Results of tests on 3003-0 aluminum 
for compressive and shear creep and on 2024-T3 
aluminum for tensile creep. 

Magnesium Alloy 1 for Missiles. R. E. Bock- 
rath. Missile Des. & Devel., Mar., 1958, p. 14. 

A Basic Study of Magnesium. R. R. Addiss, 
M. S. Cohen, R. I. Frank, Herbert Hollister, H. S. 
Sack, and Karl Scharf. USAF WADC TR 57- 
576 [AD 142209], Dec., 1957. 52 pp. 39 refs. 

Development of Improved Titanium Alloys for 
Application at Elevated Temperatures. 
Lement. USAF WADC TR58-20 [AD 151029] 
Mar., 1958. 64 pp. 28 refs. 

A Brief Study of the a. of Titanium 
and a Titanium Alloy as Firewall Material. Ch. 
A. Hughes. U.S.. CAA TDR 317 (OTS PB 
131392, $0.50.), Sept., 1957. 7 pp. Test results 
indicate that the strength of titanium and tita- 
nium alloy decreases as the temperature of the 
metal increases. Titanium alloy panels deform 
less than commercially pure titanium panels. 

The Effect of Heat Treatment on the Stability 
and Creep Rosemace of a Ti-Al-Mo Alloy. H. 
L. Gegel. USAF ADC TN 57-396 [AD 142- 
283), Jan., 1958. 

Pilot Production, Fabrication and Evaluation 
of Promising Titanium Alloys. F. A. Crossley, 
B. R. Rajala, and D. W. Levinson. USAF 
WADC TR 54-546, Pt. II [AD 151010], Mar., 
1958. 40 pp. 

Nonmetallic Materials 

Silicone Applications in the Missile Industry. 
N. L. Baker. Missiles & Rockets, Mar., 1958, 
pp. 118-126. Discussion of the unusual abilities 
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SERVO-SYSTEMS 
FORCE CONTROL 

With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 

ments of marine, aircraft, missile, petroleum and industrial use. 

From original idea to finished product SARGENT. 

SARGENT Manufacturing '" SARGENT Hydraulic Pumps 

FACILITIES jincluding— BUILDS 

Research Machining & Grinding Servo-Systems Pneumatic Valves 

Design Heat Treating, all types Hydraulic Systems Ball Screw Actuators 

Development Plating, all types Integrated Packages Gear Actuators 

Testing Inspection Hydraulic Actuators Gear Accessory Boxes 

Qualifying Assembly Hydraulic Valves Electronic Systems 
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To the talented 

engineer and scientist 

APL OFFERS 

GREATER FREEDOM 

OF ACTIVITY 

APL has responsibility for the technical direction 

of much of the guided missile program of the 

Navy Bureau of Ordnance. As a result staff mem- 

bers participate in assignments of challenging 

scope that range from basic research to prototype 

testing of weapons and weapons systems. 

A high degree of freedom of action enables 

APL staff members to give free rein to their 

talents and ideas. Thus, professional advance- 

ment and opportunities to accept program re- 
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too, because of our policy of placing professional 
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and wide range of applications of silicone ma- 
terials. 

Termostoikie Stekla ‘‘Pireksil.’’ I. I. Kitai- 
gorodskii and V. A. Blinov. AN SSSR Dokl., 
Jan. 11, 1958, pp. 351-353. In Russian. Dis- 
cussion of methods for obtaining heat-resistant 
glass types. 

Sound Velocity, Young’s Modulus and Transi- 
tion Temperature in Polythenes with Different 
Degrees of Crystallinity. M. Baccaredda and E. 
Butta. (J. Polymer Sci., Nov., 1956, pp. 217- 
222.) U. Pisa, Eng. Fac. Paper No. 807, 1957. 
6 pp. 11 refs. 

Evaluation of Container-Grade Paper-Overlaid 
Veneer Panel Boxes for Overseas Use. Appen- 
dix I—Paper-Overlaid Veneer Compliance Re- 
quirements. Appendix II—Statistical Analysis 
of the Data. E.H. Clarke. USAF WADC TN 
55-328 [AD 142004], Sept., 1957. 26 pp. 

The Development of a Coating Formulation 
and Method of Application for Use in Nylon 
Double Fabric. E.H. Pagliaro. USAF WADC 
TR 57-416 [AD 142094], Nov., 1957. 28 pp. 

The Preparation and Properties of Glass- 
Polyester Laminates of Low Void Content. I— 
The Reproducibility of Glass-Polyester Laminates. 
II—Void Formation in Glass-Polyester Lami- 
nates. N.C. W. Juddand P.L. McMullen. Gt. 
Brit., RAE Rep. Chem.514, Oct., 1957. 39 pp. 

Development of Thermally Stable Silicon Con- 
taining Resins. Appendix—Study of the For- 
mation of ‘eninaton Using DC 2106 Silicone 
Laminating Resin. W. Breed, Fred Baiocchi, 
and C. C. Bolze. U ‘SAF WADC TR 57- 143, 
Pt. II [AD 151002), Feb., 1958. 68pp. 16 refs. 

Les Matiéres Plastiques dans 1’Equipement 
Electrique Aéronautique. II. G. Fabre. Do- 
caéro, Mar., 1958, pp. 37-50. 29 refs. In 
French. Description of various techniques of 
application of plastic insulating materials in air- 
craft electric equipment, main electrotechnical 
plastics, production problems, and extension of 
plastic insulating materials to other aeronautical 
applications. 

Tentative Requirements for Transparent Plastic 
Enclosure Materials. Addendum—Test Meth- 
ods for Stretched Transparent Thermoplastic En- 
closure Materials. AJAA ATC Rep. ARTC-8, 
June 1, 1954; June 18, 1956. 84 pp. 

The Development of a Non-Adhering Chemi- 
cally Foamed-in-Place Polyurethane Cushioning 
Material for Packaging Purposes. Sidney Child- 
ers and Sidney Allinikov. USAF WADC TR 
57-682 [AD 142282], Jan., 1958. 18 pp. 

Properties and Applications of Urethane Rub- 
ber. R.H. Kittmer. Mach. Des., Mar. 6, 1958, 
pp. 118-124. 

Development of High Temperature Resistant 
Rubber Compounds. F. M. Smith, T. F. Lavery, 
R. A. Hayes, L. J. Kitchen, and Sydney Smith. 
USAF WADC TR 56-331 [AD 110643], Dec., 
1956. 248 pp. 253 refs. 

Development of Fluoro-Silicone Elastomers. 
W. Dyckes. USAF WADC TR 55-220, Pt. 

HI [AD 131044], Sept., 1957. 55 pp. 14 refs. 

High Temperature Resistant Sealant Materials. 
L. C. Boller, G. M. Le Fave, Edward O’Brien, 
Arthur Milner, and J.H. Emigh. USAF WADC 
TR 56-155, Pt. II [AD 131091], Sept., 1957. 18 
pp. 

Testing Methods 

Mechanical Test Procedures for Radomes and 
Radome Materials. AJAA ATC Rep. ARTC-3, 
July 1, 1951. 30 pp. 

A High-Speed Tension Testing Machine. S. 
Strella, H. Sigler, M. Chmura, and B. Holman. 
ASTM Bul., Feb., 1958, pp. 50-52. Description 
of the loading, load measuring, and strain meas- 
uring systems of a device employing the idea of 
rapid release of compressed gas to provide the high 
rate of loading on the test specimen. 

A True Stress-True Strain Computer. T. S. 
DeSisto and D. E. Driscoll. ASTM Bul., Feb., 
1958, pp. 46-49. Performance, design, and gen- 
eral characteristics of the device. 

Measurement of Thermal Diffusivity of Various 
Materials by Means of the High Intensity Electric 
Arc Technique. L. H. Mead, D. 
L. Rothacker, and {Nae USAF 
WADC TR 57-226 [A b 142093 Nov., 1957. 53 

Pp. 

Test Methods for Structural Plastic Laminates 
at Low Temperatures and Elevated Tempera- 
tures. AIAA ATC Rep. ARTC-11, June 18, 
1956. 24 pp. 

The Design and Construction of a Special Test 
Fixture for the Static Evaluation of the Corrosive 
=. of Boron Oxide at ay Temperatures. 

R. Andrews. USAF WADC TR 57-540 
AD 142263), Dec., 1957. Py pp. 

A Method for Determining Neutron a 
Spectra from a Measurements. S. 
Hartmann. USAF WADC TR 57-375 [A D 
142029), Oct., 1957. 35 5 pp. 

Analytical Applications of Far Infrared Spectra. 
I—Historical Review, Apparatus and Techniques. 
F. F. Bentley, E. F. Wolfarth, N. E. Srp, and W. 
R. Powell. USAF WADC TR 57-359 [AD 142- 
010), Sept., 1957. 55 pp. 509 refs. 

| 

| 

\ 

Cal 
Heats 
Good! 

| Instr. 
suppeo 

: 
Ww. L 
14206 

Ub 
brais 
zient 
1958, 

i braic 

di Eq 
trici 
& Se 
Fac. 
Itali: 

oH for a 

| elect 

At asa- 
Jan. 
tion 
Fern 

Zi 
Lav! 
SSS 
Stuc 
rent 

Oo 

ts tem 
Jan. 
tion 
of t 
syst 

sial 
Jan 
the 

Pro 
No. 
ries 
thr 
din 

7 
tial 
& 

an anc 

Se 
: mu 

10 

aud zhi 
SS 
sia 
by 

ot 
| in. 

23 
| set 

| zh 
A. 

2 In 
| el 

D 

E 

| 

1 1. 

Tit 

li 

K 
4 

si 
vi 



Calorimetric Assembly for the Measurement of 
Heats of Fusion of Inorganic Compounds. J. 
Goodkin, C. Solomons, and G. J. Janz. Rev. Sci. 
Instr., Feb., 1958, pp. 105-108. 17 refs. OSR- 
supported research. 

X-Ray Diffraction Study of Crystalline Silanes. 
W. L. Baun. USAF WADC TN 57-114 [AD 
142066), Oct., 1957. 11 pp. 

Mathematics 

Uber die Auflésung des Systems linearer, alge 
braischer Gleichungen mit komplexen Koe' 
zienten. J. Schmidtmayer. ZAMM, Jan.- “Bed. 
1958, pp. 74-77. In German. Derivation of a 
numerical solution for the system of linear alge- 
braic equations with complex coefficients. 

Sui Metodi di Soluzione di un Sistema Lineare 
di Equazioni con |’Ausilio delle Macchine Calcola- 
trici Elettroniche. Gero Geri. (Boll. Geodesia 
& Sci. Affini, July- Sept., 1956.) U. Pisa, Eng. 
Fac. Paper No. 788, 1956. 7 pp. 17 refs. In 
Italian. Development of a method of solution 
for a system of linear equations by means of an 
electronic computer. 

Asimptoticheskoe Reshenie Uraveneniia Tom- 
asa-Fermi. AN SSSR_Dokl., 
Jan. 1, 1958, pp. 20, In Russian. Deriva- 
tion of an asymptotic ‘cian for the Thomas- 
Fermi equation. 

Zadacha Trikomi dlia oe” Uravneniia 
Lavrent’eva-Bitsadze. Pul’kin. AN 
SSSR Dokl., Jan. 1, 1958, pp. 38-41. In Russian. 
Study of the Tricomi problem for the general Lav- 
tentiev-Bitzadze equation. 

Oo Riadov Fur’e po Sistemam Tipa 
{gy x)}, Blizkim k Trigonometricheskoi Sis- 
teme. K. Maliavko. AN SSSR_ Dokl., 
Jan. 1, 1958, pp. 29-32. In Russian. Calcula- 
tion of ‘the convergence of Fourier series in systems 
of the {¢ (m x)} type close to a — 
system. 

K Voprosu ob Obratnoi Zadache Teorii Potent- 
siala. Iu. A. Shashkin. AN SSSR_ Dokl., 
Jan. 1, 1958, pp. 45, 46. In Russian. Study of 
the inverse problem of the potential theory. 

O Catkowaniu Graficznym Réwnania y’ = 
{m(x) + y n(x) + yq (x)]. Wlodzimierz 
Prosnak ‘arsaw Polytech. Inst., Mechanika, 
No. 4, 1957, pp. 77-89. In Polish, with summa. 
ries in English and Russian. Development of 
three methods for the graphical solution of an or- 
dinary first-order differential equation. 

The Inverse Laplace Transform of an Exponen- 
tial Function. F.M.Ragab. Commun. on Pure 
& Appl. Math., Feb., 1958, pp. 115-127. USAF- 
sponsored determination of the original function 
and of its asymptotic behavior. 

The Expansion of Mean-Periodic Functions in 
Series of Exponentials. H. S. Shapiro. Com- 
mun. on Pure & Appl. Math., Feb., 1958, pp. 1-21. 
10 refs. ONR-supported study. 

Nekotorye Svoistva Chebyshevskikh Mno- 
zhestv. N. V. Efimov and S. B. Stechkin. AN 
SSSR Dokl., Jan. 1, 1958, pp. 17-19. In Rus- 
sian. Determination of some properties of Che- 
byshev’s sets. 

Ob Odnom Svoistve Mnozhestv, Effektivn> 
ot Vsekh ’-Mnozhestv. Ia. L. Krein- 

in. AN SSSR Dokl., Jan. 11, 1958, pp. 237, 
238. In Russian. Evaluation of a property of 
sets effectively different from all &-sets. 

Grup: Konechnymi Klassami Sopria- 
zhenny Abelevykh Podgrupp. I. I. Eremin. 
AN SSSR Dokl., Jan. 11, 1958, pp. 223, 224. 
In Russian. Evaluation of groups with finite 
classes of conjugate Abelian subgroups. 

Ob Otsenke Trigonometriches- 
kikh Summ. M. orobov. AN SSSR 
Dokl., Jan. 11, 1958, pp. 231, 232. In Russian. 
Evaluation of rational trigonometric sums using a 
method derived previously by Vinogradov. 

On the Weak Law of Large Numbers. Cyrus 
Derman. Columbia U., Rep. (AFOSR TN 58- 
155) [AD 152181}, Oct., 1956. 2 pp. 

Foundation of Fiber Bundles. H. Cartan and 
S. Eilenberg, USAF OSR TN 57-733 [AD 
136720}, 1957. 67 pp. Presentation of catego- 
tries, functors, and faithful functors, along with dis- 
cussion of the theory of local categories. 

O Povedenii Tsiklov, ne Gomologichnykh Nu- 
o ri Otobrazhenii n-Mernogo Mnogoobraziia v 

ernoe Evklidovo Prostranstvo. R. L. Frum- 
Raker AN SSSR Dokl., Jan. 1, 1958, pp. 42- 
44. In Russian. Determination of the behavior 
of cycles not homologous to zero when an n-di- 
mensional manifold is mapped into an n-dimen- 
sional Euclidean space, 

Matrichnye Elementy Neprivodimykh Uni- 
tarnykh Predstavlenii Dvizhenii Prostran- 
stva Lobachevskogo i — shchennye Preobrazo- 
vaniia Foka-Melera. H. Ia. Vilenkin. N 
SSSR Dokl., Jan. 11, 1958, pp. 219-222. In Rus- 
sian. Derivation of metric elements of irreduci- 
ble unitary representations of a group of Loba- 
chevski space motions and the generalized Fock- 
Mehler transformations. 

O Printsipe Svedeniia. V. I. Zubov. AN 
SSSR Dokl., Jan. 11, 1958, pp. 228-230. In Rus- 
sian. Development of a method for the analysis 
of the reduction principle. 

Ob Odnom Metode Scheta Tselykh Tochek v 
n-Mernykh Mnogogrannikakh. M. L. Artiu- 
khov. AN SSSR Dokl., Jan. 11, 1958, pp. 215- 
218. In Russian. Development ‘of a method for 
counting integral points in m-dimensional poly- 
hedrens. 

On a Class of Topologies for Fields. Ellen 
Correl. U. Md. Dept. Math. Rep.(AFOSR TN 
58-198) [AD 152231], Feb., 1958. 10 pp. 

Gomotopicheskaia Klassifikatsiia Vektornykh 
Polei. V. G. Boltianskii, AN SSSR _ Dokl., 
Jan. 1, 1958, pp. 13-16. In Russian. Presenta- 
tion of the homotopical classification of vector 
fields on an n-dimensional manifold. 

Zu Stiefels Berechnung der Eigenwerte aus den 
Schwarzschen Konstanten. E. Bodewig. ZA- 
MM, Jan.-Feb., 1958, pp. 72, 73. In German. 
Discussion of the Stiefel method for calculating 
eigenvalues by means of Schwarz’s constants. 

Formy Zavisimostei, Obladaiushchikh Dopol- 
nitel’nymi Vozmozhnostiami dlia Preobrazova- 
niia Nomogramm s Orientirovannym Transparan- 
tom. G.S. Khovanskii. AN SSSR Dokl., Jan. 
11, 1958, pp. 251-254. In Russian. Evaluation 
of relation forms havi ing additional properties for 
the transformation of nomograms with oriented 
transparent sheets. 

L’Impiego della Matrice dei Coefficienti di 
Peso e Correlazione nella Soluzione del Problema 
delle Osservazioni Indirette con l’Aggiunta di 
Nuove Equazioni Generate. Gero Geri. (Boll. 
Geodesia & Sci. Affini, July-Sept., 1956.) U. 
Pisa, Eng. Fac. Paper No. 787, 1956. 10 pp. 
21 refs. In Italian. Application of the weight 
matrix to the solution of the problem of indirect 
observation with the introduction of a new general 
equation. 

New Aspects in the Theory of Stability of Ham- 
iltonian Systems. Jiirgen Moser. Commun. on 
Pure & Appl. Math., Feb., 1958, pp. 81-114. 
18 refs. ONR-supported analysis. 

Standardised Polynomials for Curve Fitting. 
M. Fine. RAeS J., Mar., 1958, pp. 212-215. 

Remarks on de La Vallée Poussin Means and 
Convex Conformal Maps of - Circle. G. Pélya 
and I. J. Schoenberg. Penn. U. Math. Dept. 
Rep. (AFOSR TN 57-620) AD 136609], Nov., 
1957. 76 pp. 14 refs. 

Zur numerischen Auswertung mehrdimen- 
sionaler Integrale. J. Albrecht and L. Collatz. 
ZAMM, Ian.-Feb., 1958, pp. 1-15. 17 refs. In 
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industrial design, such as 
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energy absorption, resistance 
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practical use of foamed 
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Revealing brochures and 

technical data on new miracle 
STAFOAM will be mailed 
upon request. 
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German. Application of Taylor's expansions to 
the derivation of formulas for the numerical eval- 
uation of two- and three-dimensional integrals. 
Includes presentation of a method of error esti- 
mation. 

Differentsial’noe Uravnenie s Abstraktnym 
Ellipticheskim Operatorom v Gil’bertovom Pro- 
Stranstve. S. G. Krein and P. E. Sobolevskii. 
AN SSSR Dobkl., Jan. 11, 1958, pp. 233-236. 
In Russian. Derivation of a differential equa- 
tion with an abstract elliptical operator in Hilbert 
space 

Ob Asimptoticheskom Predstavlenii Reshenii 
Lineinykh Differentsial’nykh Uravnenii Vtorogo 
Poriadka. V. P. Konoplev. AN SSSR Doki., 
Jan. 1, 1958, pp. 25-28. 14 refs. In Russian. 
Analysis of the asymptotic representation of solu- 
tions of second-order linear differential equations. 

O Koleblemosti Reshenii Lineinykh Differen- 
tsial’nykh Uravnenii Tret’ego i Po- 
riadkov. V. A. Kondrat’ev. AN SSSR Dokl., 
Jan. 1, 1958 pp. 22-24. In waalen Analysis 
covering the oscillation of the solution for the 
third- and fourth-order linear differential equa- 
tions 

Representation Formulas for Solutions of a 
Class of Partial Differential Equations. L. E. 
Payne. U. Md. Inst. Fluid Dynamics & Appl. 
Math. TN BN-122 (AFOSR TN 58-197) [AD 
152230), Feb., 1958. 18pp. 14 refs. 

Remarks on the Dirichlet Problem for General 
Linear Partial Differential Equations. Walter 
Littman. Commun. on Pure & Appl. Math., Feb., 
1958, pp. 145-151. 

Prostranstva S. L. Soboleva Drobnogo Poriadka 
i Ikh Prilozhenie k Kraevym Zadacham dlia Dif- 
ferentsial’nykh Uravnenii v Chastnykh Proizvod- 
nykh. L. N. Slobodetskii. AN SSSR _ Dokl., 
Jan. 11, 1958, pp, 243-246. In Russian. Evalu- 
ation of Sobolev’s spaces of fractional order and 
their application to boundary problems for partial 
differential equations. 

Nekotorye Voprosy Priblizheniia Funktsii Od- 
noi Peremennoi Algebraicheskimi Mnogochle- 
nami. G. K. Lebed’. AN SSSR Dokl., Jan. il, 
1958, pp. 239-242. In Russian. Analy sis of 
some problems inv olved in the approximation of 
functions of one variable by algebraic polyno- 
mials. 

Zonal’nye Sfericheskie Funktsii i Operatory 
Laplasa na Nekotorykh Simmetricheskikh Pros- 
transtvakh. F. A. Berezin and F. I. Karpelevich. 
AN SSSR Dokl., Jan. 1, 1958, pp. 9-12. In Rus- 
sian. Calculation of the zonal spherical functions 
and Laplace operators in some symmetrical 
spaces. 

Granichnye Svoistva Differentsiruemykh i 
Garmonicheskikh Funktsii v Oblastiakh s cae 
vymi Tochkami. G. B. Zhidkov. AN SSSR 
Dokl., Jan. 11, 1958, pp. 225-227. In Russian. 
Evaluation of boundary properties of differenti- 
able and harmonic functions in regions containing 
salient points. 

Extension Theory of Differential Operators. I. 
G. C. Rota. Commun. on Pure & Appl. Math., 
Feb., 1958, pp. 23-65. 10 refs. Evaluation of 
(a) the nature of the spectra of singular nonselfad- 
joint differential operators and (b) the manner in 
which the boundary conditions should be imposed 
as a differential operator in order to obtain the 
type of spectrum of the extended operator re- 
quired by the general theory. 

O Nailuchshem Priblizhenii Klassov Funktsii, 
Predstavimykh v Forme Svertki. Sun’ Iun-Shen. 
AN SSSR Dokl., Jan. 11, 1958, pp. 247-250. 
In Russian. Presentation of the closest approxi- 
mation of classes of functions representable in 
the convolute form. 

Teoremy Vlozheniia dlia Funktsii s Chastnymi 
Proizvodnymi, Rassmatrivaemymi v Razlichnykh 
Metrikakh. S. M. Nikol’skii. AN SSSR Dokl., 
Jan. 1, 1958, pp. 35-37. In Russian. Evalua- 
tion of imbedding theorems for functions with 
partial derivatives considered in different metrics. 

Application of the Witte Rearranging Method to 
a Typical Structural Matrix. Bertram Klein. 
J. Aero. Sci., May, 1958, pp. 342, 343. Applica- 
tion of the Witte method of matrix rearrangement 
to a typical structural matrix which had been set 
up previously in order to approximate as closely 
as possible an optimizing triangular matrix. 

Some Mathematical Identities and Numerical 
Methods Relating to the Prob- 
ability -- Circular Region Fettis. 
USAF WADC TN 57-383 "TAD Dec., 
1957. 20 pp. 

A Research Study in Statistics: Statistical 
Foundations of Thermodynamics; Application of 
Thermodynamical Methods, in Communication 
Theory and in Econometrics. Benoit Mandel- 
brot. USAF OS 'R 57-97 [AD 148011}, 
1956-1957. 31 pp. Application of a theory de- 
veloped for word statistics to problems in thermo- 
dynamics. 

Mechanics 

Die harmonische Analyse bei elliptischen Kur- 
belschleifen. W. Meyer zur Capellen. ZAMM, 
Jan.-Feb., 1958, pp. 43-55. In German. Ex- 
tension of results obtained for a circular crank- 
slide oscillator loop to a harmonic analysis of the 
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elliptic case which is of importance for the kine- 
matics and dynamics of transmission gears. 

Meteorology 
Vozdushnaia Razvedka v Sloznykh Meteorolo- 

gicheskikh Usloviiakh. T.S. Goriachkin. Vest- 
nik Vozdushnogo Flota, Mar., 1958, pp. 18-21. 
In Russian. Discussion of problems of night re- 
connaissance under unfavorable meteorological 
conditions. 

An Abrupt Change in Stratospheric Circulation 
Beginning in Mid-January 1958. S. Teweles and 
F. G. Finger. Mo. Weather Rev., Jan., 1958, pp. 
23-28. 

I—Klassifikatsiia Vertikal’nykh Potokov. V. 
Parchevskii. Kryl’ia Rodiny, Feb., 1958, pp. 24, 
25. In Russian. Discussion of various types of 
vertical currents and their classification. 

Struinye Techeniia. Kh. Pogosian. Grazh- 
danskaia Aviatsiia, Feb., 1958, pp. 33-36. In 
Russian. Discussion of the formation of jet 
streams and brief review of available meteorologi- 
cal data. 

A Radar Sonde System for Upper Air Measure- 
ments. N. E. Goddard and H. A. Dell. Philips 
Tech. Rev., Feb. 27, 1958, pp. 258-263. Descrip- 
tion and operation of a radar sonde system for 
upper air measurements. The equipment is de- 
signed to measure wind speed with an error not 
exceeding 5km./hour. 

A Systematic Approach to Local Objective 
Forecast Studies. J. D. Sartor. AMS Bul., 
Jan., 1958, pp. 21-27. Development of a proce- 
dure that can be used as a guide in designing and 
preparing local objective forecasting studies. 
The procedure defines the local forecasting prob- 
lem in terms consistent with observing and fore- 
casting capabilities and reassembles the compo- 
nents into a forecast scheme. 

A Practical Way to Make Air Mass Thunder- 
storm Easier and More Reliable. R. 
T. Telfer. AMS Bul., Jan., 1958, pp. 1-7. Con- 
struction of a simple plastic device for mechani- 
cally progging the changes in the soundings. 
Test results indicate that Bailey’s local thunder- 
storm forecasting graph should make local thun- 
derstorm forecasting easier and more reliable. 

Atmospheric Structure & Physics 

The Choice of a Ballistic Standard Atmosphere. 
M. R. Winter. (Mém. Artill., 1957. 31 pp.) Gt. 
Brit., MOS TIL/T4858, Feb., 1958. 22 pp. 

Charges Statiques et Décharges Electrostati- 
ues sur les Avions. Pierre Corbillon. Secr. 
én. Av. Civ. & Commerc., Bul. Liaison & Docum. 

No. 95, Mar. 15, 1958, pp. 35-37. In French. 
Discussion of the static charges and electrostatic 
discharges experienced by an aircraft in flight and 
evaluation of certain preventive measures. 

II—Compilation of Recent Literature on Radio 
Astronomy. M.L. Rice. Meteor. Abs. & Bibliog., 
Jan., 1958, pp. 72-103. 97 refs. 

Upper Air Research 

Jonosfairundersékningar med Raketer och 
Satelliter. Torleiv Orhaug. Tek. Tidskrift, Mar. 
11, 1958, pp. 205-208. In Swedish. Discussion 
of the application of rocket or satellite vehicles 
to ionospheric research. 

Military Aviation, Ordnance 
Special Issue: RAF 40th Anniversary. The 

Aeroplane, Mar. 28, 1958, pp. 416-457. Partial 
Contents: The Future and the Royal Air Force, 
D. A. Boyle. The Royal Air Force Today. The 
RAF in the Second World War, Robert Saundby. 
The RAF Between the Wars, C. M. McAlery. 
RAF Aircraft Over Four Decades, J. W. R. Tay- 
lor. 

Strel’ba Neupravliaemymi Reaktivnymi Snaria- 
dami po Vozdushnym Tseliam. N. D. Grigor’ev. 
Vestntk Vozdushnogo Flota, Mar., 1958, pp. 2-98, 
In Russian. Discussion of antiaircraft firing 
techniques using unguided weapons. 

Bombometanie v “we Meteorologiches- 
kikh Usloviiakh. A. Khaliavin and E. F. 
Muratov. Vestnik V ae Flota, Mar., 1958, 
pp. 30-34. In Russian. Discussion of bombing 
techniques under unfavorable meteorological 
conditions. 

Instruments of Interception. Aeronautics, 
Mar., 1958, pp. 38-40. Presentation of details of 
surface-to-air missiles. 

The Arctic Distant Warning System. W. E. 
Burke. JAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 831. 15 pp. Mem- 
bers, $0.65; monmembers, $1.00. Discussion 
covering the establishment of an improved work- 
ing system. Includes equipment needed, impor- 
tance of sites and atmospheric conditions, and 
human factors. 

Missiles, Rockets 

Guided Weapons and Aircraft—-Some Differ- 
ences in Design and Development. J. E. Serby. 
(RAeS 1050th Guided Flight Sect. Lecture, London, 
Nov. 21, 1957.) RAeS J., Mar., 1958, pp. 187- 
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For moderate, economical 

silencing of jet- 

powered commercial 

and military aircraft... 

NEW KOPPERS PORTABLE RUN-UP SILENCER 

TAKES THE PUNCH OUT OF JET NOISE 

Now, airports, air bases and manufacturers of 
jet engines or airframes can run up jet engines 
without complaint or creating physical hazards. 
The Koppers Portable Run-Up Silencer reduces 
noise by 25 to 30 decibels—lessens the risk of 
hearing damage to operating personnel, im- 
proves community relations and reduces speech 
interference. 

The new portable silencer inhibits the gener- 
ation of jet engine noise, rather than suppressing 

it after the noise has reached full intensity. The 
unit is light in weight and completely portable 
—no direct attachment to the aircraft or engine 
is necessary. Look to Koppers with its longest 
experience in the industry to solve your aviation 
noise control problems. 

Write for Koppers new sound control bro- 
chure today. KOPPERS COMPANY, INC., Sound 
Control Department, 5907 Scott Street, Balti- 
more 3, Maryland. 

Official 
United States 

Navy Photographs 

SOUND CONTROL 
Engineered Products Sold with Service 

July 1958 + Aero/Space Engineering 93 
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for graduate engineers 

interested in acquiring 

SYSTEMS 

EXPERIENCE 

sa Through intensive formal training 

=. and assignments of one to two years 

duration, Hughes Field Engineers 

obtain an over-all knowledge of the 

most advanced airborne electronic 

weapons systems in tactical use and 

under development. They become 

familiar with complete systems, in- 

cluding digital computers, microwave 

equipment, high gain parabolic an- 

tennas and analog computers in their 

operational development. 

= =r. or Physics graduates of 
accredited. universities may inl 

gate by writing: 

the West's leader in advanced electronics 

i f i 

Scientific and Engineering Staff 

RESEARCH & DEVELOPMENT 

LABORATORIES 

Hughes Aircraft Company 

Culver City, California 

Aero/Space Engineering + July 1958 

: Discussion cover- 
ing the development cycle, aerodynamics, telem- 
etry, reliability, and recovery techniques. 

Guided Missiles or Aircraft. J. H. Stevens. 

200; Discussion, pp. 200—202. 

Air Pictorial, Apr., 1958, pp. 110-114. Brief 
survey of missile classes covering homing systems 
and designations. 

Talos—An Automated Missile System. H. W. 
Phillips. 7SA J., Feb., 1958, pp. 36-39. Descrip- 
tion of the fire-control system for the Talos and 
of its operation. 

First Mono-Atomic Ramjet Vehicle Designed 
for 59 Mi. Altitudes. Michael Yaffee. Av. 
Week, Apr. 7, 1958, pp. 65-76. 

_ Hybrid Jupiter C. S. P. Kaprielyan. Aircraft 
& Missiles Mfg., Mar., 1958, pp. 42-47. Brief 
survey of the dev elopmental stages of the Jupiter 
Cc 

Generalized Variational Approach to the Opti- 
mum Thrust Programming for the Vertical Flight 
ofa Rocket. II—-Application of Green’s Theorem 
to the Development of Sufficiency Proofs for 
Particular Classes of Solutions. Angelo Miele 
and C. R. Cavoti. (Purdue U., Sch. Aero. Eng. 
Rep. A-57-2, Ang., 1957.) ZFW, Apr., 1958, pp. 
102-109. OSR-sponsored research. 

Ferngelenkte Flugkérper als Mittel zur Vertei- 
digung. Oscar Scholze. Filugwelt, Apr., 1958, 
pp. 240-242. In German. Review of German 
guided missiles and survey of missile performance 
as a defence weapon. 

Nekotorye Problemy Raketnoi Tekhniki. T. 
M. Mel’kunov. Vestntk Vosdushnogo Flota, Feb., 
1958, pp. 79-89. In Russian. Discussion of the 
rocket development in USSR, including descrip- 
tion of a three-stage rocket, the intercontinental 
ballistic missile, the liquid-propellant system, as 
well as their operation and performance. 

_Interception Problems for Surface to Air Mis- 
siles. J. H. Stevens. Aeronautics, Mar., 1958, p. 

Exit and Re-Entry Problems. G. V. Bull, K. 
R. Enkenhus, and G. H. Tidy. (C ir IAS Joint 
Meeting, Montreal, Oct. 21, 22, 1957, Preprint 
759.) Aero/Space Engrg., June, 1958, pp. 56-62. 
20 refs. 

Kvalitetsmatningar i Vindtunnel i med Koniska 
Modeller. O. Synnergren. SFA L3 (Flygmotor 
Rep. TA 14), Aug., 1954. 80 pp. In Swedish. 
Presentation of results of qualitative measure- 
ments on cone-shaped models in a 50- x 50-cm.? 
wind tunnel. 

Ballistic Missiles. T.R.F. Nonweiler. Aero- 
nautics, Mar., 1958, pp. 28-31. Discussion of 
various problems of ballistic missiles in terms of 
their reliability, covering rocket engines, struc- 
tures, step-rockets, descent, heating problems, 
accuracy, guidance, and control. 

oft the Ground. D. T. Sigley. 
J., Mar., 1958, p. 59. Description of 
handling vehicle for the Corporal 

missile. 

Automatic Check-Out Equipment for Weapon 
Systems. D. Y. Keim. Ind. Aeronautics, Feb., 
1958, pp. 30-33. 

Generalized Trajectories for 
Bodies of High Drag. R. D. Turnacliff and J. P 
Hartnett. (ARS 12th Annual Meeting, New York, 
Dec. 2-5, 1957.) Jet Propulsion, Apr., 1958, pp. 
263-266. Presentation of a graphical method to 
calculate the trajectories of a body of high drag 
for a wide range of weight-to-drag ratios, initial 
altitudes, and initial velocities. 

Navigation 
Navigationshilfe an Bord von Schiffen und 

Flugzeugen durch polare Navigationsverfahren. 
H. J. Zetzmann. (Ausschuss fiir Funkortung, 
Diskussionstagung, Essen, Oct. 28-30, 1957.) 
ZFW, Mar., 1958, pp. 81-84. InGerman. Sum- 
mary of papers covering airborne navigational 
aids by polar navigation methods. Included is a 
method of navigation by reference to a fixed trans- 
mitter or ‘‘pole,’’ also known as the ‘‘Rho-Theta- 
Technique.’’ Such current variations of the 
system as the Navarho-Rho, Doppler, Tacan, and 
Vortac are discussed. 

Radio Navigational Aids; Digest of Papers 
Presented at the I.E.E. Navaid Convention. 
Wireless World, May, 1958, pp. 210, 211. 

Le Radar Doppler et ses Applications. 
Radar Michel Bessette. II—-Applica- 
tions du Radar Doppler. René Lebleu.  Secr. 
Gén. Av. Civ. & Commerc., Bul. Liaison & Docum. 
No. 95, Mar. 15, 1958, pp. 27-34. In French. 
Discussion of the basic principle of Doppler navi- 
gation and its applications. 

Automatic Air Traffic Control; The S.A.T.C.O. 
System. I[nteravia, 1958, pp. 230, 231. Descrip- 
tion of a Dutch designed system comprising radar, 
data processing equipment, and automatic tele- 
printer network. 

Operational erie for ATC Displays. 
F. S. McKnight. U.S... CAA TDR 308 (OTS 
PB 131387, $0. 50.), Sept., 1957. 13 pp. Study 
to furnish guidance to system and equipment de- 
signers on the dis requirements considered 
essential for air traffic control. 

I—Le 

Nuclear Energy 
Design and Use of a 23,000 Curie Cobalt-60 

Facility. M.C. Atkins, Kurt Wolfsberg, W. N 
Lorentz, and D.R.Smith. USAF WADCTR57 
498 [AD 142157], Nov., 1957. 93 pp. 17 refs. 

Fizicheskie Osnovy Sovremennykh Rezonans- 
nykh Uskoritelei. V. I. Kotov, A. B. Kuzne 
tsov,and N. B. Rubin. U spekhi Fiz. Nauk, Feb., 
1958, pp. 197-272. 84 refs. In Russian. Sur 
vey of the fundamental physical principles of pres 
ent resonance accelerators, including details of 
linear accelerators, some operating characteris 
tics of cyclic resonance accelerators, motion of 
particles in cyclic resonance accelerators, auto- 
phasing, and motion of charged particles in a 
magnetic field. 

Od l’on Reparle d’Avions a Propulsion Nuclé- 
aire. Air Revue, Mar., 1958, p. 132. In French. 
General discussion of nuclear-propulsion aircraft 
and survey of design requirements. 

Concepts a Future Nuclear Rocket Propul- 
sion. R. . Bussard. Jet Propulsion, Apr., 
1958, pp. 233- 227. 12 refs. Discussion of fu- 
sion, radioisotope decay, and fission as possible 
means of rocket propulsion. Thermomechanical 
and electric arc gas systems are discussed, as are 
problems in weight reduction for the overall sys- 
tem. 

Kernenergie fiir Raketentriebwerke. Fried- 
wart Winterberg. Weltraumfahrt, Mar., 1958, pp. 
8-11. In German. Discussion of the applica- 
tion of nuclear energy to propulsion systems and 
related problems. 

Plasma Reactor Promises Direct Electric 
Power. S. A. Colgate and R. L. Aamodt. Nu- 
cleonics, Aug., 1957, pp. 50-55. USAEC-sup- 
ported proposal fot a scheme to convert fission 
energy into electricity by causing ionized U2* gas 
to interact with a magnetic field. 

Thoria-Urania Bodies and Irradiation Studies. 
C. L. Hoenig, J. H. Handwerk, J. H. Kittel, and 
C. R. Breden. (Am. Ceram. Soc. 59th Annual 
Meeting, Dallas, May 7, 1957.) Am. Ceram. 
Soc. J., Apr. 1, 1958, pp. 117-123. 

Some Applications of Nuclear Power. de 
Havilland Gazette, Feb., 1958, pp. 22-28. Study 
indicating that nuclear propulsion appears to be 
technically feasible but will require a vast pro- 
gram of research to produce a reactor of accept- 
able weight and standard of reliability. 

Feasibility of a Graphite-Carbon Dioxide Ioni- 
zation Chamber to Measure Carbon Dose at High 
Dose Rates. R. L. Hickmott. USAF WADC 
TN 57-335 [AD 142249], Dec., 1957. 24 pp. 

Gamma Radiation OS-45 and OS- 
Fluids. W. . Rice. USAF 

TR 57-573 {AD 192 262} Dec., 1957. 
10 refs. ; 

Comportamento Elastico ed Anelastico di Al- 
cuni Polimeri Irradiati. MM. Baccaredda, P. G. 
Bordoni, E. Butta, and A. Charlesby. (Chim. & 
L’Industria, July, 1956.) U. Pisa, Eng. Fac. 
Paper No. 775, 1957. ll pp. 1l4refs. In Ital- 
ian. Study of the mechanical properties of 
some irradiated polymers by means of the elastic 
(Young) modulus and the damping coefficient us- 
ing a dynamic method. 

A Comparison of High-Energy Electron and 
Cones Irradiation Effects on Organic Liquids. 
E. Zebroski and E. M. Kindermann. USAF 
WAl DC TR 57-141 [AD 130857), July, 1957. 16 
pp. Il4refs. 

Parachutes 

Development of Design Data on the Mechanics 
of Air Flow Through Parachute Fabrics. W. G. 
Klein, Ch. A. Lermond, and M. M. Platt. USAF 
WADC TR 56-576 [AD 131055], Sept., 1957. 
91 pp. 

Design Data on Biaxial Forces Developed in 

as Cheatham, and Stanley Backer. 
USAF wpe TR 57-443 [AD 142208], Dec., 
1957. 87 pp. 

Physics 
The Engineer, the Physicist, and Gravitation. 

Louis Witten. (JAS 26th Annual Meeting, New 
York, Jan. 27-30, 1958.) Aero/Space Engrg., 
June, 1958, pp. 45-48. Discussion showing the 
similarity between an engineer’s and a physicist’s 
interest in gravitation. Individual approaches 
are also pointed out. 

Infrared—An Advancing Military Art. M. R. 
Krasno. Mil. Electronics, Mar., 1958, pp. 16—20. 
Discussion of the physics of infrared radiation and 
some of its applications. 

O Primenenii Metoda Dopolnitel’nykh Pere- 
mennykh Zubareva k Statistichekoi Fizike. A. 
Pavlikovskii and V. Shchuruvna. AN SSSR 
Dokl., Jan. 1, 1958, pp. 61-64. In Russian. 
Discussion of the application of Zubarev's 
method (added variables) to statistical physics. 

Fotoelektrety i Obrazovanie Skrytogo Elektro- 
fotograficheskogo Izobrazheniia. V. M. Fridkin. 
AN SSSR Dokl., Jan. 11, 1958, pp. 273-276. 
In Russian. Presentation of experimental results 
obtained from studies of the photoelectretic state 
by means of an electrophotographic method. 
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Single Particle Scattering Functions for Latex 
Spheresin Water. L.E. Ashley and C. M. Cobb. 
OSA J., Apr., 1958, pp. 261-268. USAF-sup- 
ported research. 

The Conservation for Multicompo- 
nent Gas Mixtures in Arbitrary Coordinate Sys- 
tems. F.A. Williams. J. Aero. Sci., May, 1958, 
pp. 343, 344. Presentation of the general equa- 
tions in tensor notation and some of the simplifi- 
cations which arise for orthogonal curvilinear co- 
ordinates. 

Primenenie Tenevoi Elektronno-Mikroskopi- 
cheskoi Metodiki k Izucheniiu Raspredeleniia 
Potentsiala v p-n-Perekhodakh. V. N. Verts- 
ner and L. N. Malakhov. A N SSSR _ Dokl., 
Jan. 11, 1958, pp. 266-268. In Russian. App! li- 
cation of the electron microscopic shadow method 
to the study of the potential distribution of n-p- 
transitions. 

Elektr Issledovanie 
Ob’ektov v Gazovoi ‘Srede. I. G. Stoianova. 
AN SSSR Dokl., Jan. 11, 1958, pp. 325-327. 
11 refs. In Russian. Description of electron 
microscopic studies of objects in a gas medium in- 
cluding the experimental method. 

Détermination de la Fonction de Distribution 
des Vitesses Moléculaires du Gaz en Mouvement 
Stationnaire par la Méthode Démographique. 
Michal Lune. Arch. Mech. Stosowanej, No. 6, 
1957, pp. 731-737. In French. Evaluation of 
the ‘‘demographic’’ method for determining the 
distribution function of molecular speeds of a gas 
in stationary motion. 

O Novom Mekhanisme Generatsii Reliativist- 
om Elektronov v Kosmicheskom Prostranstve. 
V. L. Veksler. AN SSSR Dokl., Jan. 11, 1958, 
pp. M63 265. In Russian. Discussion of the 
existence of a new mechanism of relativistic elec- 
tron production in the cosmic space and its pos- 
sible importance in the problem of cosmic radia- 
tion. 

Kvantovye Iavieniia v Radiodiapazone. V.M 
Fain. Uspekhi Fiz. Nauk, Feb., 1958, pp. 273 
313. 84 refs. In Russian. Discussion of the 
application of quantum theory to radio physics, 
including quantum effects in the case of interac- 
tion of free electrons with high-frequency fields in 

| 

resonators and problems of radiospectroscopy re-_ 
lated to the creation of coherent states in the 
molecular system. 

Power Plants 

Closed Propulsion System. P.S. Egan. Air- 
craft & Missiles Mfg., Mar., 1958, pp. 54-57. 
Discussion of the feasibility of closed propulsion 
systems for space flight. 

Jet & Turbine 

De Bristol Orpheus. J. H. Stevens. Avia 
Viiegwereld, Mar. 27, 1958, pp. 170, 171. In 
Dutch. Description of the Bristol Orpheus power 
plant, including its design, fuel system, and cool- 
ing. 

Aerodinamika Mnogoregistrovykh Kamer Sgo- 
raniia. I.I. Paleev and Z. M. Sviatskii. Teplo- 
energetika, Mar., 1958, pp. 16-20. In Russian. 
Presentation of experimental results on the aero- 
dynamics of combustion-chamber models and 
description of the test installation. 

On the Theory of Combustion Rate of Liquid 
Fuel Spray. VYasusi Tanasawa and Tuneo Tesi- 
ma. JSME Bul., Jan., 1958, pp. 36-41. 

Note on Matching a Supersonic Intake to an 
Aircraft Gas Turbine. J. M.Stephenson. RAeS 
J., Mar., 1958, pp. 219, 220. Presentation of 
summarized solutions obtained from the study of 
the problem covering the matching of high-pres- 
sure-ratio compressor stages over a wide range of 
shaft power. The application of these solutions 
to the matching of supersonic intakes to gas tur- 
bine compressors is analyzed. 

Vliianie wee Gazovoi Turbiny na 
GTU. A. Chirkov and E. G. Bogo- 

slavskii. RED ag Apr., 1958, pp. 23-28. 
In Russian. Discussion of the effect of gas-tur- 
bine cooling on its efficiency. 

Le Napier Eland N.E1.3 Moteur 
dyne. Air Revue, Apr., 1958, pp. 
French. Description of the Napier Bind N. EL 3 
engine for Fairey Rotodyne application. 

P.181 and 182; Armstrong Siddeley Motors’ 
s.h.p. Units. Flight, Feb. 21, 1958, pp. 234, 

235, 238. (Also in The Engr., Feb. 21, 1958, pp. 
291, 292.) Discussion of the changed design of 
turboshaft engines and of their increased per- 
formance. 

Design Anaipeis of the General Electric T58 
Engine. W. Heglund. ASME Gas Turbine 
Power Conf, Wash., Mar. 2-6, 1958, Paper. 20 
pp. NavBuAer- sponsored development of a 
light-weight, compact 1,050 hp. shaft powered gas 
turbine designed primarily for helicopters. 

Getting a Civil ty ep Into Service. B. 
G. Markham. (ASME Annual Meeting, New 
York, Dec. 1-6, 1957.) Esso Air World, Jan.-Feb. 
1958, pp. 91- -99. Discussion of the flying expe- 
rience of the Bristol Proteus engine, covering the 
investigation of reduction gear failure, overspeed 
protection, fire precautions, and icing. 

Osobennosti Ekspluatatsii Turbovintovykh Dvi- 
gatelei. A. Evdokimov. Grazhdanskaia Avia- 

tsiia, Feb., 1958, pp. 22-24. In Russian. De- 
scription of the basic design of turbopropjpower 
plants and discussion of their operating charac- 
teristics. 

U.S.A.F. Tests Jet Engine in Wind Tunnel. 
— Coleman. Am. Helicopter, Feb., 1958, pp. 

Summary of the Development of Mechanical 
Type Thrust Reversers. G. W. Hawk. USAF 
WADC TR 57-17 [AD 110703), May, 1957. 49 
pp. Development of a full blockage cascade type 
reverser for a nonafterburning engine and a tar- 
get-type reverser for an afterburning engine. 
Both design concepts can readily be applied to all 
types of jet engines and installations with slight 
modification. 

Ram-Jet & Pulse-Jet 

am-Jets. R. P. Probert. RAeS J., Mar., 
1958, pp. 151-168; Discussion, pp. 169-173. 
(Also in The Engr., Dec. 13, 1957, pp. 867, 868; 
Flight, Dec. 27, 1957, pp. 982-985.) Includes per- 
formance and design factors, intake operating 
problems, combustion, some cooling and me- 
chanical considerations, and ground and flight 
development problems. 

Rocket 

Il Motore a Razzo Spectre. Riv. Aero., Apr., 
1958, pp. 615-620. In Italian. Survey of the 
development of the Spectre rocket engine, with 
details of its operation and performance. 

Ignition of Electrolytic Monopropeilants by 
Submerged Electrical Discharge. M. W. Evans, 
F. I. Given, and G. M. Muller. Jet Propulsion, 
Apr., 1958, pp. 255, 256. Army-supported study 
of the nature of high-voltage electrical discharge 
in electrolytic liquids, the factors controlling the 
ignition or failure to ignite of monopropellants, 
and the propagation rate and shape of the reaction 
front following ignition. 

Production 

Improving Aerodynamic Smoothness Requires 
Concerted Effort. R. J. Nicholson. SAE J., 
Mar., 1958, pp. 70,71. Discussion of production 
practices as they affect aircraft performance. 

Power-Brush Finishing. J. A. Kasnyik. 
Aircraft & Missiles Mfg., Mar., 1958, pp. 26-30. 
Presentation of data on power brush finishing 
methods and evaluation of their advantages and 
applications. 

DC-8 Moves Into Production. Robert Mc- 
Larren. Aircraft& Missiles Mfg., Mar., 1958, pp. 
36-41. Survey of the DC-8 production process 
including details on design philosophy, fuel tank 
sealing, final assembly, and division coordination. 

Metalworking 

Some Modern Manufacturing Processes. 
Esso Air World, Jan.-Feb., 1958, pp. 106-109. 
Description of manufacturing methods as used by 
Vickers-Armstrong (Aircraft) Ltd. 

A General Consideration of Blank Holding in 
Deep Drawing of Sheet Metals. Matsuo Miya- 
gawa. JSME Bul., Jan., 1958, pp. 95-101. 10 
refs. 

Bomarc Tank Production. S. P. Kaprielyan. 
Aircraft & Missiles Mfg., Mar., 1958, pp. 48-53. 
Evaluation of material compatibility studies and 
stringent process control insuring integrity of 
highly stressed parts. 

Oils for the Queuing of Steel. H. E. Priston. 
Metal Treat., Feb., 1958, pp. 57-64. Discussion 
comparing properties of various quenching fluids , 
for steel-hardening operations. The evaluation 
and handling of quenching oils and the testing of 
heat-treatment oils are also discussed. 

Machining Ultra-High-Tensile Steels. II— 
Drilling and Tapping Tests. H. J. Pearson. 
Aircraft Prod., Mar., 1958, pp. 114-118. Discus- 
sion on the practical aspects of drilling and tap- 
ping of ultra-high-tensile steels. Tests are de- 
scribed and a summary of drilling and tapping 
results is given. 

Data-Controlled Milling. P. J. Farmer. Air- 
craft Prod., Mar., 1958, pp. 102-113. Descrip- 
tion and application of the data-control system in 
conjunction with large skin-milling machines. 
Two new facilities increasing its operational value 
are incorporated, one is the extended analogue 
range, the other a variable speed interpolation 
unit which allows a constant cutter feed-rate to be 
maintained. 

D. Mitton Mar., 1 pp. 82, 83. 
Discussion of including from 
warpage, close control of tolerances, and savings 
in cost; and of such disadvantages as surface 
irregularities and etch-back. 

Contour Milling for Sub-Contractors. John 
Kershaw. Ind. Aeronautics, Feb., 1958, pp. 18-21. 
Description of a contour milling operation using a 
swarf head miller mounted over an open-side 
planer-type table. 

Skin-Routing. Aircraft Prod., Mar., 1958, pp. 
94-99. Description of the design and. operation 
of a skin-routing machine. Results indicate that 
even large panels can be profiled economically. 

work in the fields of the future at NAA 

ELECTRO- 
MECHANICAL 
ELECTRONIC 
ENGINEERS 

A BS or advanced degrees in 
EE, ME, or Physics, may 
qualify you for a rewarding 
career at North American Avi- 
ation, in one of these fields: 

Flight Control Analysis, 
Reliability Analysis, Flight 
Simulation, Systems Analysis. 

Electrical Systems Analy- 
sis and Design, Mission and 
Traffic Control, Fire Control. 
Bombing Systems, Elec- 
tronics Systems Integration, 
Flight Controls, Ground Sup- 
port Equipment, Airborne 
and Electronic Test Equip- 
ment. 

Applied Research in Ra- 
dome Development, Antenna 
Development, Infrared, and 
Acoustics. 

Please write to: Mr. H.G. 
Stevenson, Engineering Per- 
sonnel, North American 
Aviation, Los Angeles 45, 

California. 
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High-Speed Cutting with Ceramic Tools. H. 
J. Siekmann. (ASTE 26th Annual Meeting, 
Philadelphia, May 1-8, 1958.) Tool Engr., Apr., 
1958, pp. 85-88. Discussion of the economical 
advantages of high-velocity cutting tools. 

Ultrasonic Welding of Structural Aluminum 
Alloys. J. B. Jones and F. R. Meyer. Welding 
J. Res. Suppl. Mar., 1958, pp. 81-s-92-s. Dis 
cussion and demonstration of ultrasonic welding 
methods. Results indicate that the effective 
range of ultrasonic spot-type welding and the 
power-handling capacity of the ultrasonic-welding 
transducer-coupling system are significantly ex- 
panded. 

Development of Oxidation and Liquid Sodium 
Resistant Brazing Alloys. D. A. Canonico and 
Harry Schwartzbart. USAF WADC TR 57-648 
[AD 151013), Mar., 1958. 40 pp. 

Metallizing and Its Application in Aircraft Gas- 
Turbine Components. D. E. Hacker. Welding 
J., Mar., 1958, pp. 231-236. Discussion of char- 
acteristics for successful application of the process 
which includes selection of proper spray material, 
base-metal preparation, spraying technique, and 
machining of deposits. 

Nonmetalworking 

High-Temperature Adhesives. C. N. Powis. 
Aircraft Prod., Mar., 1958, pp. 88-92. Tech- 
niques used to produce adhesives withstanding 
the high temperature conditions imposed by high- 
speed flight. Two bonding methods are de- 
scribed. 

Production Engineering 

Long-Range Planning. E. A. Ledeen. ( 
26th Annual Meeting, New York, Jan. 27 30, 
1958.) Aero/Space Engrg., June, 1958, pp. 63, 

71 

An Engineering Approach to Cost Reduction as 
Applied to the Engine Analyzer. J. F. Morgan 
and W. V. Rosenbergh. Sperry Eng. Rev., Mar. 
1958, pp. 22-26. Illustration of the steps taken 
in redesigning existing equipment for cost reduc- 
tion. A philosophy of approach is given. 

Statistical Method and the Quality Problem in 
the Soviet Union. J. A. Gwyer. Ind. Quality 
Control, Feb., 1958, pp. 9-13. 34 refs. Brief 
survey of Soviet developments including the 
nature and importance of quality contro] in pro- 
duction and management aspects. 

Design Testability Into onmen Systems. J. 
M. Pomykata. SAE J., Mar., 1958, pp. 48-50. 
Discussion of functional testing for production 
equipment and design considerations for such test 
equipment. 

Tooling 

Ceramic Tooling for High-Temperature Plas- 
tics. J. D. Stillman. (ASTE 26th Annual 
Meeting, Philadelphia, May 1-8, ‘1958. ) Tool 
Engr., Apr., 1958, pp. 104-106. Presentation of 
a method for making low-cost tooling using hard 
faced ceramics. 

Programming a Somtame Milling Machine. J. 
W. Wilson. (ASTE 26th Annual Meeting, Phila- 
delphia, May 1-8, 1958.) Tool Engr., Apr., 1958, 
pp. 94-98. Two methods of programing for nu- 
merical control are described; one uses a compu- 
ter, the other a desk calculator. 

Propellers 

On a Subsonic Compressibility Correction for 
Propeliers and Rotors. Svetopolk Pivko. J. 
Aero. Sci., June, 1958, pp. 395, 396. Derivation 
of a general subsonic correction in the form of a 
ratio of the thrust and torque coefficient values in 
subsonic flow to the corresponding values in in- 
compressible flow. 

Reference Works 

Aerodynamic Studies: The Forces Acting on an 
Air Vehicle; A Review of the Literature. M. Z. 
Krzywoblocki. USAF WADC TN 56-360, Pi. 
XVII, July, 1957. 152 pp. 606 refs. 

Fluid Dynamics. Ind. & Eng. Chem., Mar., Pt. 
II, 1958, pp. 525-542. 347 refs. Review of the 
current literature on developments in fluid me- 
chanics which includes a comprehensive bibliog- 
raphy. Current trends in research are also in- 
dicated. 

Heat Transfer. Ind. & Eng. Chem., Mar., Pt 
II, 1958, pp. 543-554. 249 refs. Presentation 
of a comprehensive bibliography on current heat- 
transfer literature and its application to heat ex- 
changers, aircraft and missiles, and thermal stress 
and shock. 

A Review of the Air Force Materials Research 
and Development Program. H. E. Hines. 
USAF WADC TR 53-373, Suppl. IV [AD 131- 
001\, Aug., 1957. 182 pp. Summary giving 270 
abstracts of technical reports-and technical notes 
ee See the period July 1, 1956 — June 

, 1957. 
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Research, Research Facilities 

USAF Directorate Backs Space Study. Irving 
Stone. Av. Week, Apr. 7, 1958, pp. 50—53, 54, 
58, 61,62. Survey of basic research areas cover- 
ing space environment exploration, space vehicle 
components, and high vacuum conditions. 

Modelli Aerodinamici. Enrico Pistolesi. 
(Convegno di Venezia, Atti, Oct. 1-4, 1955.) U. 
Pisa, Eng. Fac. Paper No.799,1957. 5l pp. 78 
refs. InItalian. Development and fundamentals 
of experiments with aerodynamic models covering 
the principle and application of similarity laws, 
compressibility and viscosity (turbulence) effect, 
aeroelastic problems, free-flight models, operation 
of aerodynamic tunnels, test techniques, and cor- 
relation of experimental results. 

Test Pilots and Their Friends. A. H. Wheeler. 
Shell Av. News., Feb., 1958, pp. 2-6. Review of 
the qualifications of test pilots and discussion of 
the importance of proper instrumentation in test 
flight operations. Several test cases are pre- 
sented. 

On a Tactical Air-Warfare Model of Mengel. 
Richard Bellman and Stuart Dreyfus. Oper. 
Res., Jan.-Feb., 1958, pp. 65-78. Computational 
solution of dynamic programing processes. 
The functional-equation approach is used and 
numerical examples are given. 

Wind Tunnels 

Undersékning av Overljudstrémning i Vidtun- 
nel med Cirkular Tvarsnittsarea. C. E. Larsson 
and B. Ankarsward. SFA L2 (Flygmotor TA 8), 
Jan., 1954. 15 pp. In Swedish. Investigation 
of supersonic flows in a wind tunnel with circular 
cross section. Includes description of the test 
installation, experimental techniques, and results. 

A System for Handling Wind-Tunnel Data. 
J. F. M. Scholes. Soc. Instr. Tech. Trans., Mar., 
1958, pp. 20-27; Discussion, pp. 28, 29; Author’s 
Reply, pp. 29, 30. Description of a data-han- 
dling system installed to serve the needs of several 
large wind tunnels. Particular attention is given 
to the input end of the system, and a typical data- 
recording subsystem is treated in some detail. 

An Altitude Test Facility for Gas Turbines. I, 
P. K. Peterson. I/nd. Aeronautics, Feb., 1958, pp. 
12-17. Discussion of the basic principles and de- 
sign of an engine test chamber and description of a 
new installation built by Orenda. 

Final Report - Heat eo Investigations in 
Supersonic Flo J. L. Harkness. Texas 
Rep. DRL 429 (AFOSR TR 58-21) [AD 152023], 
Mar. 4, 1958. 66 pp. 21 refs. Design and de- 
velopment of a small high stagnation temperature 
intermittent-flow supersonic wind tunnel to pro- 
vide a test facility permitting experimental aero- 
dynamic studies of boundary-layer heat-transfer 
phenomena; measurements and results are given. 

The Flygmotor 0.5 x 0.5 m’, 9 ata, M = 0.7 — 
3.6 Blow-Down Wind Tunnel. C. E. Larsson. 
KTH Aero. Seminar, Stockholm, 1954, Paper. 
9 pp. Reprint. Presentation of general char- 
acteristics and operation of the wind tunnel. 

Asymmetric Starting for Hypersonic Wind 
Tunnels. R. J. Johnson. J. Aero. Sci., May, 
1958, pp. 341, 342. Presentation of a starting 
method using a number of small jets distributed 
along the length of the nozzle wall. Individual 
quick-acting valves are provided for each air line 
so that air jets in combination may be used. The 
starting sequence proceeds in the following man- 
ner: (1) open air jet valves, (2) start tunnel flow, 
(3) close air jet valves. Once the flow has been 
established by use of the air jets, it remains stable 
after closing the valves. 

Der Heisswasserstrahlapparat; Seine Bedeu- 
tung fiir Forschungs- und Versuchsanlagen. O. 
Frenzl. Luftfahrttechnik, Feb., 1958, pp. 28-34. 
10 refs. In German. Discussion of develop- 
mental problems in the construction of hot-water 
jet systems used in large supersonic wind tunnels, 
and presentation of theoretical and experimental 
solutions. Application and characteristics of 
the installation are described and its importance 
as a research means is pointed out. 

Rotating Wing Aircraft, Helicopters 
Helicopter Parade. Skyways, Mar., 1958, pp. 

13-18. Survey of some current world production 
helicopters; includes performance characteristics 
and prices. 

De Mi-6 Grootste en Zwaarste Hefschroever 
ter Wereld. L.R. Lucassen. Avia Vliegwereld, 
Jan. 30, 1958, pp. 58-61. In Dutch. Presenta- 
tion of data on the Soviet Mi-6 helicopter. 

Hubschrauber FIAT 7002. Vico Rosaspina. 
Flugwelt, Apr., 1958, p. 260. In German. Pres- 
entation of data for the Fiat 7002 helicopter. 

Hubschrauber mit einem Blatt. Hans Der- 
schmidt. Flug-Revue, Apr., 1958, pp. 31,32. In 
Serman. Design and development of a single- 
rotor-blade helicopter for low prime and produc- 
tion cost. 

The Development of the Tandem Helicopter. 
L. L. Douglas. (French Assoc. Aero. Engr. & 
Techn., Paris, May 29, 1957.) AHS J., Jan., 
1958, pp. 8-26. 
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Summary of Parametric Studies 
Crane Helicopters. R. R. Graham. AHS 
Jan., 1958, pp. 3-7. Determination of the Ae 
mum helicopter configuration for carrying 8 to 16 
tons of cargo a distance of 10 to 100 nautical 
miles and estimation of the operational costs of the 
cranes. 

Aircraft Crash Fire Fighting by og a 
Ch. A. Riehl. AHS J., Jan., 1958, 27-30, 
Experimental investigation on a sel using 
fire fighting equipment and personnel, carried out 
with both the dry chemical and mechanical foam 
fire extinguishing agents. 

Safety 
wot ations of the Behaviour of Aircraft 

aking a Forced — on Water 
(Dinking) A. G. Smith, C. H. Warren, and 
D. F. Wright. Gt. Brit., ARC ROM 2917, 1957. 
53 pp. 77 refs. BIS, New York, $3.78. Review 
and analysis of research done up to 1948, covering 
testing methods, main results, and design re. 
quirements. 

Les are d’Incendie et de Surchauffe 
FENW. A. Rossignol. Air Revue, Apr., 1958, 
p. ist * French. Description of an airborne 
fire detecting device (FENWAL) and its various 
applications. 

Study of the Mechanism of Flame Extinguish- 
ment by Aluminum Chloride. Appendix—Cal- 
culations of Heat Absorption of Solid Aluminum 
ee Under Dolan’s Experimental Conditions. 
J. Levy and Raymond Friedman. USAF 
WADCT N 58-1 [AD 142271], Oct. 18, 1957. 16 
pp. 12 refs. 

Space Travel 
Towards Space Flight. A.R. Weyl. Aecronau- 

tics, Mar., 1958, pp. 32-35. Summary of astro- 
nautical data av allable in international literature 
covering such subjects as the Soviet satellite pro- 
gram, tracking of satellites, thrust programing, 
production and testing of materials for missile 
application, and thermal problems. 

Raumfahrt— Einige politische Aspekte. 
Sanger. Weltraumfahrt, Mar., 1958, pp. 12-22. 
In German. Discussion of political aspects of 
space travel including military, industrial, scien- 
tific, and cultural aspects. 

Weltraumfahrt niichtern betrachtet. Heinz 
Haber. Flug-Revue, Apr., 1958, pp. 16, 17. In 
German. Discussion of space travel and related 
problems. 

An Engineer Looks at Spaceflight; Some Basic 
ations. Eric Burgess. 

Missile Des. & a Mar., 1958, pp. 11-13. 
Discussion of energy requirements, exhaust ve- 
locities, and suborbital techniques required for 
space travel. 

Interplanetary Ballistic Missiles; A New As- 
trophysical Research Tool. S. F. Singer. (8th 
Internatl. Astronautical Congr., ee Oct. 
6-12, 1957.) Astronautica Acta, Fase. 1, 1958, 
pp. 59-69. Evaluation of the feasibility of an H- 
bomb explosion on the moon. Technical aspects 
and scientific benefits of this operation are dis- 
cussed. 

Raketten en Ruimtevaart. 
Mar. 13; 27, 1958, pp. 148, 149; 173, 174. In 
Dutch. Discussion of rocket vehicles and their 
role in space travel. 

De Rockoon. K. W. Gatland. Avia Vlieg- 
wereld, Jan. 2, 1958, pp. 12-14. In Dutch. De- 
scription of the Rockoon used as part of the Proj- 
ect Far Side. 

Note on Ballistic Trajectories and Orbits. R. 
F. Hughes. J. Aero. Sci., May, 1958, pp. 330, 
331. Presentation of an orbital equation and 
some of the ballistic predictions applying this 
equation, 

Avia Vliegwereld, 

Satellite Summary. Seville Chapman. Res 
Trends (Cornell Aero. Lab.), Winter, 1958. 7 pp 
Discussion of inert, radio-equipped, and instru- 
mented unmanned and manned satellites, as well 
as their significance and  orbit-computing 
problems. 

Facts About the Scientific Earth Satellite Pro- 
gram. Mag. of Magnesium, Feb., 1958, pp. 10- 
14. 

Sowjetische Satelliten und Raketenentwick- 
lung. W. Michely. Luftfahrttechnik, 
1958, pp. 38-44. l0refs. InGerman. Descrip- 
tion of the Soviet Sputnik I and II satellites and 
discussion of their operation. 

Les Possibilités d’Utilisation Militaire des 
Satellites Artificiels. J. Pergent. Air Revue, 
Apr., 1958, pp. 193, 194. In French. General 
discussion ‘of possible military applications of 
artificial satellites. 

The Satellite Program of the International Geo- 
physical Year. oy Odishaw. News 
Jan.-Feb., 1958, pp. 1-3. Brief discussion of the 
iaunching, tracking, oa instrumentation of the 
first three satellite vehicles. 

Vanguard I. Science, Mar. 28, 1958, p. 688. 
Discussion on the characteristics and functioning 
of rockets. 

Desi epbeieation and Testing of the Van- 
guard (ARS Spring tellite. R. C. Baumann. 
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Harrison-Cooled North American 

Jet Fighter Climbs To 50,000 

Feet At Supersonic Speeds! 

gwereld, 
74. In 
id their © 

ne Pro} Speed ... over 1,000 mph! Range . . . over 1,000 statute miles! 
Maximum thrust ... over 10,000 pounds! That’s the performance 

story on North American’s Super Sabre! 
its. R 
op. 330, 
on and 

ng this | Temperatures made to order for 
— all types of aircraft engines. 

: Harrison heat exchangers 
instru- 

as well are rugged, reliable and 

compact . . . engineered 

ite Pro- to provide the optimum 

pp. 10- in cooling efficiency. 

And Harrison keeps pace with this outstanding performance. For 
North American has selected lightweight, dependable Harrison 

heat exchangers to cool the engine oil, to keep temperatures at the 
proper level for this spectacular jet fighter. 

The Super Sabre is another example of how Harrison manufacturing experience 

and research are teaming up to meet the temperature-control challenges 

Descrip of the jet age. If you have a cooling problem, look to Harrison for the answer! 
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FLEXIBLE SHAFT COUPLING 
FOR THE AIRCRAFT INDUSTRY 

Coupling is used for the transmission of 
wer or control of movement between parts 

ocated close together in a piece of equipment. 
It is not a separate type of flexible shaft but 
rather an added application of flexible shaft- 
ing. 

The coupling can be composed of either 
wer drive or remote control flexible shaft- 

ing although the latter is generally used due 
to the added advantage of its ability to rotate 
both clockwise and counter clockwise. Gen- 
erally used between two units which are but 
a few inches apart, coupling may transmit 
power between any two parts regardless of 
their relative positions. 

For example, the diagram above shows an 
advantage in using small lengths of flexible 
shafting in a coupling application. Although 
the drive end and the driven end are not ex- 
actly in line, the coupling compensates for 
the difference in alignment between the two. 

Many manufacturers use flexible shaft coup- 
ling even where parts may be connected by 
solid shafts because of the savings realized in the initial and the maintenance costs as well 
as in time and labor. 

For complete information on how flexible 
shaft couplings may help improve your prod- 
uct design, write F. W. Stewart Corporation, 
4311-13 Ravenswood Avenue, Chicago 13, 
Illinois. 

AERONUTRONIC SYSTEMS, INC., a 
subsidiary of Ford Motor Company, is under- 
taking expanded military and commercial 
Programs involving the most advanced re- 
search, development, experimentation and 
Prototype production at plants in Glendale 
and Van Nuys, California, and at modern, 
new facilities overlooking the Pacific Ocean 
at Newport Beach, California. The follow- 
ing positions are open: 

SENIOR STRUCTURAL ENGINEERS, 
with graduate degrees for design and anal- 
ysis with approximately 8 to 10 years experi- 
ence and 3 to 4 years su rvisory experience 
in the missile field. ill be required to 
apply knowledge of high temperature ma- 
terials and methods, sisson, dy- 
namics, etc. to advanced hypersonic vehicles 
and re-entry bodies. 

INSTRUMENTATION RESEARCH EN- 
GINEERS or EXPERIMENTAL PHYSI- CISTS, with graduate degree. Five to ten 
years experience in laboratory and flight 
test instrumentation techniques. Will be 
engaged with shock tubes, light gas guns, 
plasma-jets, hypersonic flight test instru- 
mentation and other advanced instrumenta- 
tion problems associated with space vehicles. 

PhD AND MS RESEARCH SPECIAL- 
ISTS with 5 to 7 years experience in heat 
transfer and fluid mechanics, thermody- 
namics, combustion and chemical kinetics, 
thermoelasticity or metallurgy for assign- 
ment on th tical and experi tal pro- 
grams related to re-entry technology and 
advanced rocket Propulsion. Specific as- 
signments are open in re-entry body design, 
high temperature materials studies, boundary 
layer heat transfer with chemical ction, 
thermal stress analysis, high temperature 
thermodynamics, studies of rocket chamber 
cooling methods, and liquid and solid rocket 
engine design. For assignment at our new 
Newport Beach facility. 

Qualified scientists and i 
vited to contact Mr. L. T. W: 
Aeronutronic Systems, Inc. Building 4 13, 1234 Air Way, Glendale, California. 

are in- 
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Meeting, Wash., Apr. 4-6, 1957.) Jet Propul- 
sion, Apr., 1958, pp. 244-248. 

Vanguard Sputnik Explorer. Ake Hjertstrand. Tek. Tidskrift, Feb. 18, 1958, pp. 121-130. In 
Swedish. Discussion covering the Vanguard 
project with data on satellites, satellite orbits, 
and design characteristics. 

1958 Alpha ‘‘Explorer.”’ Christian Tilenius. 
Weltraumfahrt, Mar., 1958, pp. 5-7. In German. 
Description of the Explorer satellite including 
data on the rocket, instrumentation, and launch- 
ing procedure. 

Raketen und kiinstliche Satelliten starten ins 
Weltall. Heinrich Horber. Protar, Jan.-Feb., 
1958, pp. 4-7. In German. General discussion 
of the IGY program and details of the Soviet 
satellite. 

En Essayant ‘‘d’Explorer”’ 
Roland de Narbonne. Air Revue, Mar., 1958, 
pp. 134, 135. In French. Survey of the Ex- 
plorer’s design characteristics and launching 
operation. 

Selenoid Satellites. W. B. Klemperer and E. 
T. Benedikt. (8th Internatl. Astronautical Congr., 
Barcelona, Oct. 6-12, 1957.) Astronautica Acta, 
Fase. 1, 1958, pp. 25-30. Discussion of the Lag- 
rangian solution of the restricted three-body- problem of constant configuration. A simplified 
hypothetical case is analyzed. 
Some Variation Problems Connected with the 

Launching of Artificial Satellites of the Earth. 
D. E. Okhotsimskii and T. M. Eneev. (Usepkhi 
Fiz. Nauk, No. la, Sept., 1957, pp. 5-32.) Brit. Interpl. Soc. J., Jan.-Feb., 1958, pp. 263-294. 
Investigation directed towards defining a tech- 
nique (thrust-variation in time) in order to orient 
the satellite to its orbit with minimum fuel ex- 
penditure. 

Instrumentation of Artificial Satellites. 
Ordway, III. Astronautica Acta, Fasc. 1, 1958, pp. 90-110. 54 refs. Discussion covering the progress in satellite launching techniques, instru- 
mentation packages, listing of tentatively ac- 
cepted experiments, and experiments requiring 
noninstrumented satellites. 

Upper Atmosphere Densities from Minitrack 
Observations on Sputnik I. I. Harris and R. Jastrow. Science, Feb. 28, 1958, pp. 471, 472. 
Presentation of data on the density of the atmos- 
phere above the perigee altitude of 232 km. ob- 
tained from Minitrack data on Sputnik I. 

l’Explorateur. 

Structures 
Probabilistic and Semi-Probabilistic Method for the Investigation of Structure Safety. Witold Wierzbicki. Arch. Mech. Stosowanej, No. 6, 

1957, pp. 685-694. 

The Determination of the Shear Center fora Special Solid Symmetrical Airfoil. A. J. Sistino. J. Aero. Sci., June, 1958, pp. 402, 403. 
Material fér Flygplans- och Robotskrov. Arne Sundstrand and Ansgar Kleivan. Tek. Tidskrift, 

Sept. 17, 1957, pp. 737-744. In Swedish. Dis- 
cussion covering structural materials for aircraft application in terms of strength and temperature requirements and including analytical survey of 
current materials such as aluminum, magnesium, 
titanium, steel, and nickel alloys, as well as trans- 
parent materials. 

Disturbance Produced in an Elastic Half- 
Space by an Impulsive Twisting Moment Applied 
to an Attached Rigid Circular Disc. M. Mitra. ZAMM, Jan.-Feb., 1958, pp. 40-43. Exact cal- 
culation of the displacement produced in the half- 
space assuming the stress distribution between the plate and the half-space to be the same as in 
the case of a static twisting moment. 

Studium nad Zasadg de Saint Venanta; Wta- Sciwe Jej Sformutowanie. Zenobiusz Klebowski., Warsaw Polytech. Inst., Mechanika, No. 4, 1957, pp. 3-19. 19refs. In Polish, with summaries in 
English and Russian. Evaluation of Saint Ven- 
ant’s principle in order to obtain a general for- 
mulation applicable to cases of every structural 
element considered as a homogeneous material 
en approximately isotropic and linearly 
elastic. 

Bars & Rods 

Stresses at Singular Points on the Inner Bound- 
ary of Multiply-Connected Section of Uniform 
Bar in Torsion Problems. Masatsugu Kuranishi 
and Jun’etsu Niisawa. Nihon U., Res. Inst. 
Tech. J., May, 1956, pp. 23-29. In Japanese. 
K Zadache o Prodol’nom Izgibe Sterzhnia Pe- 

remennoi Zhestkosti. Ia. D. Mamedov. AN 
SSSR Dokl., Jan. 1, 1958, pp. 33,34. In Russian. 
Application of Uryson’s methods to calculate the 
problem of the axial bending of a rod with variable 
rigidity. 

Beams & Columns 

Experiment on the Lateral Buckling of a Can- 
tilever Beam with Narrow Rectangular Cross 
Sections. Seiji Kondo. JSME Bul., Jan., 1958, 
pp. 13-19. Investigation of the lateral buckling 
of cantilever beams with end loads over a wide 
range of beam dimensions. 

On the Reduction of Maximum Loads in Non- 
linear Viscoelastic Columns. H. H. Hilton. 

Aero. Sci., June, 1958, pp. 399, 400. Analysis on 
the problem of nonoccurrence of finite buckling 
time under some conditions, using Odqvist’s re- 
sults as an example. 

Rozwigzanie Pewnego Typu Tarczy Nieograni- 
czonej. Kazimierz Wysiatycki. Rozprawy In- 
ynierskie, No. 4, 1957, pp. 547-569. In Polish, 
with summaries in English and Russian. Analy- 
sis of a thin elastic cantilever slice. Based on 
bipolar coordinates, the Airy function is found by 
Separating variables and using the boundary con- 
ditions for a given function and its normal de- 
rivative at the edge. 

Cylinders & Shells 

A Simple Method of Matric Structural Analysis. 
III—Analysis of Flexible Frames and Stiffened 
Cylindrical Shells. Bertram Klein. (IAS 26th 
Annual Meeting, New York, Jan. 27-30, 1958, 
Preprint 765.) J. Aero. Sci., June, 1958, pp. 
385-394. 11 refs. 

The Relaxation Method in the Statics of 
Shells. W. Fliigge. (Appl. Mech. Rev., Aug., 
1951.) Gt. Brit., MOS TIL/T4815, Jan., 1958. 
13 pp. 

On an Axially Symmetrically Loaded Circular 
Shell of Variable Thickness. H. Conway. 
ZAMM, Jan.-Feb., 1958, pp. 69, 70. 

Effect of Initial Deflection on Buckling of Cir- 
cular Cylindrical Shells Subjected to Torsion. 
Junetsu Niisawa. Nihon U., Res. Inst. Tech. ea 
July, 1955, pp. 10-13. In Japanese. Analysis of 
buckling of shells with some imperfections in 
shape or loading, or with external disturbances, 
An initial deformation of the shell wall, similar to 
the buckling deflection, is introduced and stress- 
deformation curves are calculated. 

Note on ‘‘Stability Equations for Conical 
Shells.”” Paul Seide. J. Aero. Sci., May, 1958, 
p. 342. 

Elasticity & Plasticity 

An Evaluation of the Criticisms by Topping of 
Marin’s Strength Hypothesis. J. oleman. 
J. Aero. Sci., June, 1958, p. 408. 

A Note on the Singular Points in the Two- 
Dimensional Problem of Elasticity. Hiroshi 
Nagao. Nihon U., Res. Inst. Tech. J., Nov., 
1955, pp. 24-35. In Japanese. Analysis for the 
zero points of the mth order singularity appearing 
within the domain of an elastic body, and discus- 
sion of stress-trajectories near the zero points. 

Elastic Materials Under Axial Loading. A. N. 
Procter. Franklin Inst. J., Feb., 1958, pp. 125- 
143. 27 refs. Analysis using the general princi- 
ples of Newton for a starting point to examine a 
number of problems relating to the action of sim- 
ple compressive and tensile forces on solid elastic 
materials. 

Sulla Trattazione del Problema di de Saint- 
Venant. Carlo Raymondi. (Inst. Sci. Constru- 
zioni, Atti, Publ. 47.) U. Pisa. Eng. Fac. Paper 
No. 779, 1957. 13 pp. 12 refs. In Italian. 
Analytical approach to the Saint Venant problem, 
with reference to problems pertaining to the shear 
center and the center of torsion. 

Sulla Determinazione della Deformazione In- 
trinseca del Solido di de Saint-Venant Sollecitato 
a Forza Normale Semplice. Carlo Raymondi. 
(Inst. Sci. Construzioni, Atti, Publ. 48.) U. Pisa. 
Eng. Fac. Paper No. 780, 1957. 9 pp. In Ital- 
ian. Determination of the intrinsic deformation 
in Saint Venant’s solids subjected to a simple nor- 
mal force. 

Sulle Caratteristiche della Deformazione In- 
trinseca del Solido di de Saint-Venant Sollecitato 
a Flessione Pura. Carlo Raymondi. (Inst. Sci. 
Construzioni, Atti, Publ. 49.) U. Pisa, Eng. 
Fac. Paper No. 781, 1957. 13 pp. In Italian. 
Discussion of the characteristics of intrinsic de- 
formation in Saint Venant’s solids subjected to 
pure bending. 

Sulla Sollecitazione di Torsione nel Solido di de 
Saint-Venant. Carlo Raymondi. (Inst. Sci. 
Construsioni, Atti, Publ. 50.) U. Pisa, Eng. 
Fac. Paper No. 782, 1957. 14 pp. In Italian. 
Direct integration of equations in the problem of 
elastic intrinsic deformation showing the coinci- 
dence of the torsional and geometrical axes of the 
solid. 

Sulla Sollecitazione di Flessione Composta nel 
Solido di de Saint-Venant. Carlo Raymondi. 
(Inst. Sci. Construzioni, Atti, Publ. 
Pisa, Eng. Fac. Paper No. 791, 1957. 23 pp. 
In Italian. Discussion of the stress imposed by 
compound bending in Saint Venant’s solids. 

Plates 

A Suggestion Regarding the Problem of Large Deflection of Plates. Minoru Hamada. JSME 
Bul., fan., 1958, pp. 20-23. Development of an 
approximate method for the calculation of a uni- 
formly loaded circular plate with clamped or sup- 
ported edges. 

Uber die Durchschlagsstabilitat eines zylindri- schen Flachenstreifens endlicher Querkriimmung. 
Siileyman Tameroglu. Jstambul Tek. U. Bul., 
1957, pp. 55-71. In German. Derivation of a 
nonlinear integrodifferential equation with bound- 
ary conditions for the bending of a cylindrical 
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Wytrzymalosciowe Obliczenie Plyty Sitowej w 
Wymienniku Ciepta. Wojciech Urbanowski. 
Warsaw Polytech. Inst., Mechanika, No. 3, 1956, 
pp. 63-97. In Polish. Calculation of the 
strength of perforated plates reduced to the prob- 
lem of circular plates on an elastic support. 

Niektére Przypadki Zginania Ptyty Okragtej 
Potaczonej z Podtozem Sprezystym o Wiasnos- 
ciach Uogélnionych. Wojciech Urbanowski. 
Warsaw Polytech. Inst., Mechantka, No. 3, 1956, 
pp. 33-61. In Polish. Development of the 
theory of bending of elastically supported circular 
plates. 

Der ebene Spannungszustand in einer durch 
beliebige ebene Randlasten beanspruchten ro- 
tierenden Vollscheibe mit dem Starkenprofil h (r) 
=1/(ar2 +b). Il—Beliebige ebene Randlasten 
an der ruhenden Scheibe. Ernst Adams. ZFW, 
Mar., 1958, pp. 77-80. In German. Applica- 
tion of power series for the calculation of the in- 
fluence functions of the plane stress distribution 
in a circular cylindrical disc whose outer edge is 
under the load of arbitrary plane edge stresses. 

Rings 
PierScieh Kolowy pes Dziataniem Wewnetrz- 

nego i Zewnetrznego CiSnienia Hydrostatycznego. 
Leszek Martini. Rozprawy Inéynierskie, No. 4, 
1957, pp. 493-512. In Polish, with summaries in 
English and Russian. Analysis to determine the 
state of stress in a homogeneous circular ring un- 
der the action of internal and external hydrostatic 
pressure, linearly variable along one of the diame- 
ters. The problem corresponds to that of a tube 
filled with a light liquid and immersed horizon- 
tally in a heavy liquid. 

Sandwich Construction 

Adhesively-Bonded Honeycomb. Harold 
Rosenbaum. Aircraft & Missiles Mfg., Mar., 
1958, pp. 18-21. Discussion of the improved 
fabrication method to satisfy modern aircraft 
and missile requirements. 

Truss-Core Sandwich Structures. W. Semo- 
nian. Aircraft & Missiles Mfg., Mar., 1958, pp. 
22-25. Discussion of the basic problems of 
sandwich structure applications covering opti- 
mum design and manufacturing processes. 

Brazing Hustler’s Stainless Sandwich. A. A. 
Lanzara and R. E. Purnell. Aircraft & Missiles 
Mfg., Mar., 1958, pp. 10-16. Presentation of 
details on design, materials, and processing of 
furnace-brazed structures for the delta wing B-58 
Hustler. 

Testing Methods 

Some Developments and Applications of Brittle 
Lacquers; A Survey of Published Work and 
Some Original Contributions. J.R. Linge. Air- 
craft Eng., Apr., 1958, pp. 94-100. 90 refs. 

Thermal Stress 

Teoria Podobiefstwa Zjawisk Termoelasto- 
plastycznych. Jan Madejski. Rozprawy In- 
synierskie, No. 4, 1957, pp. 479-492. In Polish, 
with summaries in English and Russian. Deriva- 
tion of criteria for describing thermoelastoplastic 
states in bodies of similar shape and load. 

One-Dimensional Transient Heat Flow in a 
Multilayer Slab. W.F.Campbell. J. Aero. Sci., 
May, 1958, pp. 340, 341. Presentation of a gen- 
eral solution to a problem solved previously by 
Wassermann. It is pointed out that the solutions 
given by Wassermann are incomplete for times 
longer than the duration of the heat input. 

Tubes 

Coiled Stainless Steel Tubing. I-—Test Re- 
sults. J. J. Chmura, Jr., R. D. Stouffer, and A. 
N. Winter. USAF WADC TR 57-507, Pt. I 
[AD 142251], Dec., 1957. 125 pp. 

Wings 
Flexion-Torsion de Piezas de Pared Delgada y 

Seccion Abierta. B. F. Pérez. Ing. Aero., Jan.- 
Feb., 1958 pp. 11-27. InSpanish. Study of the 
bending and torsion of thin-walled and open sec- 
tions under transverse loads. 

Experimental Correlation Between the Endur- 
ance of a Wing Spar Joint and the Ratio Between 
0.1 per cent Proof and Ultimate Tensile Strengths 
of the Material. W. A. P. Fisher. Gt. Brit., 
ARC CP 371 (May, 1956) 1958. 18 pp. BIS, 
New York, $0.45. Description of fatigue tests of 
the Vickers Viking outer wing joint. Investiga- 
tion indicates a correlation between high endur- 
ance and low proof/ultimate‘vatio for a particular 
design of wing spar joint. 

Thermodynamics 
Critique on the Analytical Representation of 

Specific Heat Data. Richard Pawel. USAF 
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Aerodynamic Stability and Control Group Leader 
for advanced guided missile programs. To be responsible 
for complete project analyses, test programs, proposals, 
analysis methods and design studies. M.S. desired. 7 to 
10 years’ progressive aeronautical engineering experience 
with 4 to 5 years’ in stability and control field. 

Aerodynamic Propulsion Design Specialist—to be 

responsible for project analyses, test programs, proposals, 
i analysis methods and design studies on advanced guided 
/ missile programs. B.S. with M.S. desired. 4 to 10 years’ 
i applicable aircraft or missile experience with 3 years’ in 

propulsion. 

If interested, send resume to: Supervisor of Engineer- 
ing Employment, Dept. D-34, BELL AIRCRAFT 

CORPORATION, P. O. Box 1, Buffalo 5, New York. 

When you write to manufacturers 

whose advertising appears in 

Aero/Space Engineering, 

it will be 

of interest to the companies 

and of benefit to the Institute if you 

mention that you saw it in 

Aero/Space Engineering 

Here’s a good habit... 
Check the ‘“‘New Products Section”’ at 

the end of this issue for a complete resume 

of all recently announced new product de- 

velopments and product literature of spe- 

cial interest to engineers and designers of 

aircraft, missiles, rockets, and spacecraft. 

It is easy to find — easy to scan — easy to 

use. 

Handy postage-paid inquiry cards are 

included for your convenience in request- 

ing additional information. 

Make it a habit 

use the 

Products Section” 

every month 
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WADC TN 57-308 [AD 142095], Nov 
Ppp. 

Generalized Excess Functions 
for Gases and Liquids. J. O. Hirschfelder, R 
Buehler, H. A. McGee, Jr., and J. R. Sutton. 
Ind. & Eng. Chem., Mar., Pt. 1, 1958, pp. 386-390. 
Presentation of concise formulas for the thermo 
dynamic excess functions of gases and liquids in a 
form suitable for high-speed digital machine com- 
putations. 

1957. 14 

Combustion 

Comb. & Flame, Mar., 1958, pp. 3-12 
supported discussion of pilot-flame experiments 
giving values of temperature and energy require- 
ments over a wide range of flame sizes for ignition 
of stoichiometric methane-nitric oxide mixtures. 

Ossidazione Parziale in Fase Gassosa di Mis- 
cele Butano Normale-Isobutano. M. Bac- 
caredda and G. Paoletti. (Chim. & I'Industria, 
Apr., 1956.) U. Pisa, Eng. Fac. Paper No. 770, 
1956. 8 pp. In Italian. Study of the partial 
oxidation in the gas phase of the n-butane—isobu- 
tane mixture (at a ratio of approximately 1:2) by 
air or by oxygen in a Pyrex glass tube at temper- 
atures between 325° and 550°C. at different com- 
position and flow ratios. 

The Methyl Nitrite Decomposition Flame. E. 
A. Arden and J. Powling. Comb. & Flame, Mar., 
1958, pp. 55-68. 21 refs. Analysis of the 
changes in temperature and in reaction products 
and intermediates for the methyl nitrite decompo- 
sition flame. Experiments on the propagation of 
flame in static mixtures are made, and the reac- 
tions effecting the reduction of nitric oxide are dis- 
cussed. 

A Review of Some Unusual Stationary Flame 
Reactions. W. G. Parker. Comb. & Flame, 
Mar., 1958, pp. 69-82. 52refs. Review indicat- 
ing that self-propagating flames are not confined 
to oxidation reactions by oxygen or to oxidation 
yess in the broadest sense. 

plication of Well-Stirred Reactor Theory to 
tne’ rediction of Combustor Performance. H.C. 
Hottel, G. C. Williams, and A. H. Bonnell. Comb. 
& Flame, Mar., 1958, pp. 13-34. ONR-sup- 
ported analy tical examination of three different 
models showing the effect of pressure interaction, 
recirculation interaction, and a nonuniform dis- 
tribution of fuel/air ratio. Experimental results 
are also given. 

The Ignition of Combustible Gases by 7 heme. 
R 

Heat Transfer 

Heat Transfer. Ind. & Eng. Chem., Mar., Pt. 
II, 1958, pp. 543-554. 249refs. Presentation of 
a ‘comprehensive bibliography on current heat 
transfer literature and its application to heat ex- 
changers, aircraft and missiles, and thermal stress 
and shock. 

The Determination of Eigen-Functions of a 
Certain Sturm-Liouville Equation and Its Applica- 
tion to Problems of Mont Teanalen, S. N. Singh. 
Appl. Sci. Res., Sect. A, No. 4, 1958, ba 237-250. 
10 refs. Presentation of a method in which the 
eigenfunctions are orthogonal over a finite in- 
terval of integration and the Sturm-Liouville 
system is reduced to an infinite set of linear simul- 
taneous algebraic equations for the coefficients of 
the series. 

Bemerkungen zum Verfahren von_ Ernst 
Schmidt zur graphischen Integration der Warme- 
leitungsgleichung. H.Heinrich. ZAMM, Jan.- 
Feb., 1958, pp. 70,71. In German. Evaluation 
of the Schmidt method for the graphical integra- 
tion of heat-transfer equations. 

Zur Theorie der gesteuerten Anheizvorgange. 
H. Jung. ZAMM, Jan.-Feb., 1958, pp. 56-69. 
In German. Simplification of the differential 
equation div (A grad T) = cy (OT /dt) by neglecting 
the quadratic term in the temperature gradient in 
order to study the problem of the effect that the 
temperature dependence of the heat-transfer 
coefficient has on the transient phenomena. 

Nekotorye Voprosy Teorii Teploobmena pri 
Laminarnom Techenii Zhidkosti v Trubakh. D. 
A. Labuntsov. Teplonenergetika, Mar., 1958, 
pp. 55-60. In Russian. Study of the heat trans- 
fer in hydrodynamically stabilized laminar pipe 
flows. The effect of axial conductivity on heat 
transfer is calculated for constant pipe-wall tem- 
perature and for constant heat addition. 

K Voprosu o Teploobmene pri Turbulentnom 
Techenii Zhidkosti v Trubakh. B.S. Petukhov 
and V. V. Kirillov. Teploenergetika, Apr., 1958, 
pp. 63-68. 18 refs. In Russian. Theoretical 
calculation of the heat exchange in pipes in the 
case of turbulent flow of liquid with constant 
physical properties. The effect of alternating 
viscosity on heat exchange is studied on the basis 
of experimental data and a formula is suggested. 

Warmedurchgang in waagerechten Fliissig- 
keitsschichten. P. L. Silverston. Forschung 
Gebiete Ing., Ausg. A, No. 1, 1958, pp. 29-32. 
Abridged. In German. Representation of meas- 
urements of the heat flow across two-dimensional 
horizontal liquid layers, heated from below and 
cooled on the upper side, as the ratio of the ap- 
parent heat conductivity (including heat trans- 
fer) to the true heat conductivity of the stationary 
liquid depending upon the product of the Grashof 
and Prandtl Numbers. 
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Uchet Vliianiia Nestatsionarnosti Rezhima pri 
Konvektivnom Teploobmene. E. A. Sidorov. 
Teploenergetika, Apr., 1958, pp. 79, 80. In Rus- 
sian. Development and application of approxi- 
mate methods for calculating the effect of the non- 
stationary regime on convective heat exchange. 

Fundamental Solutions for Heat Transfer from 
Nonisothermal Flat Plates. D.C. Baxter and 
W. C. Reynolds. J. Aero. Sci., June, 1958, pp. 
403, 404. Summary of laminar and turbulent 
analyses of heat transfer, and presentation of spe- 
cial examples which illustrate the effects. 

VTOL & STOL 

L’Avenir du Vol Vertical. Jean de Lagarde. 
Secr. Gén. Av. Civ. & Commerc., Bul. Liaison & 

French. General discussion of the future de- 
velopment of VTO aircraft. 

Maszyny Pionowego Startu i Ladowania. Jan 
Kozniewski. Tech. Lotnicza, Jan.-Feb., 1958, pp. 
6-16. 13 refs. In Polish. Discussion of prob- 
lems of VTOL and STOL aircraft, covering 
stability, transition from vertical to horizontal 
flight, and safety. 

Ryan X-13 Vertijet. Giinter Molter. Flug- 
Revue, Apr., 1958, pp. 12-15. In German. De- 
sign, operation, performance, and applications of 
the Ryan X-13 Vertijet. 

Le Fairey Rotodyne—Prolongement Logique de 
l’Hélicoptére. Guy Roberty. Air Revue, Apr., 
1958, pp. 173-178. In French. Description of 
the Fairey Rotodyne including economic aspects 

Rotating-Thrust VTOL Proves Feasible. J. 
A. O’Malley, Jr. SAE J., Mar., 1958, pp. 41-46. 
Abridged. Discussion of test results obtained 
from two different Bell VTOL configurations— 
one employing rotating engines and the other 
employing tailpipe manipulation for thrust di- 
version. 

Water-Based Aircraft 

Cavitating Flow About a Wedge at Incidence. 
A. D. Cox and W. A. Clayden. J. Fluid Mech., 
Mar., 1958, pp. 615-637. 15 refs. Develop- 
ment of a mathematical model having a subsidiary 
cavity with a re-entrant jet at the vertex. Lift, 
drag, and moment coefficients are calculated as 
far as first-order terms in the angle of incidence. 
It is shown that the effect of the rate of loss in 
momentum for the re-entrant jet on these force 

Docum. No. 95, Mar. 15, 1958, pp. 23-26. In and uses. coefficients is negligible to this order. 
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Shrader (Published by Eaton Manufacturing Co. Reprinting and Distribution Rights Granted to lAS) .. 4.50 
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IAS News (Continued from page 1 9) 

Jet Propulsion Laboratory, is an official 

observer at an AGARD meeting at the 

University of Freiburg, Germany. 

Martin Goland (AF), who was appointed 
Director of the Southwest Research In- 

stitute recently, is not Director of Research, 

Kellert Aircraft Corporation, as incor- 

rectly reported in April. Mr. Goland’s 

brother, Leonard Goland, is Director of 

Research at Kellert Aircraft. 

Brig. Gen. Harold R. Harris, USAF 
(Ret.) (F), has been elected President of 

The Wings Club. General Harris is 

President, Aviation Financial Services, 

Inc. 

Earl R. Hinz (AF), formerly Chief, 
Dynamics and Computing, Ryan Aero- 

nautical Company, has joined Convair 
Astronautics, A Division of General 

Dynamics Corporation, as Design Special- 

ist, Preliminary Design Group. Mr. 

Hinz also is a member of the IAS Council, 

Western Area. 

Capt. John J. Ide, USNR (F), President 
of the Sporting Commission, Fédération 

Aéronautique Internationale, was elected 

a Vice-President of the FAI at its meeting 

in the IAS Building (Los Angeles), April 

11-16. 

James H. Kindelberger (HF), 1950 IAS 
President and Board Chairman, North 

American Aviation, Inc., has been awarded 

the 1958 Gold Knight Award of the Na- 

tional Management Association. The 

award is presented each year to the man 

deemed by the NMA to best exemplify 
leadership in good industrial management 

in the Southern California area. 

Angelo Miele (M) has been appointed 
Professor, Aeronautical Engineering, at 
Purdue University, Lafayette, Ind. He 

formerly was an Associate Professor at 

Purdue. 

John D. Nisley (M), formerly Super- 
visor, Power Plant Section, The Hughes 
Tool Company Aircraft Division, is now 
with the General Electric Company, 
Edwards AFB Flight Test Facility as an 
Aircraft Design Specialist. 

Major Robert L. Oakley, USAF (M), 
recently was awarded the Air Force Com- 

mendation Ribbon for establishing courses 
in the science of parachutes at two leading 

engineering universities. He also has been 
awarded the Army’s Commendation 

Ribbon (first Oak Leaf Cluster) for this 

contribution to the development of air- 

borne troops’ parachute assembly. Major 

Oakley is Assistant Chief, Parachute 

Branch, Aeronautical Accessories Labora- 
tory, WADC. 

Francis E. O’Meara (M), formerly a 
Staff Member, Weapons System Evalua- 
tion Group, at the Pentagon, has been ap- 

pointed Chief Reactor Engineering Sec- 
tion, Engineering Development Branch, 

Atomic Energy Commission. 

W. A. Pulver (M) has been named Chief 

Eagineer, Georgia Division, Lockheed 

Aircraft Corporation. He formerly was 
Assistant Chief Engineer. 

Luis A. Sepulveda (AF) has been pro- 
moted to the position of Group Leader, 

Ground Support Equipment (Thor 

July 1958 

Missile), in the Power Plant Section of 

Douglas’ Missiles Engineering Division. 

Arthur V. Sommer (M), Manager, 
Chicago Division, American Bosch Arma 

Corporation, has been awarded an Alfred 

P. Sloan Fellowship in Executive Develop- 

ment by Massachusetts Institute of 

Technology for the 1958-1959 year. 

Harold O. Wendt (M), formerly Man- 

News 

ager—Aeronautic R&D, Electronics Div} 

sion, Curtiss-Wright Corporation, hag 

joined Convair, A Division of Genera] 
Dynamics Corporation, as Chief—Weap 
ons System Integration Group. 

Harper Woodward (A), Associate of 

Laurance S. Rockefeller, has been elected 

Chairman of the Board of Governors, 
Flight Safety Foundation, Inc. 

Corporate Member News 

e Aerojet-General Corporation has an- 
nounced that the second-stage propulsion 

system for the Vanguard vehicle provides 

a nominal thrust of 7,700 Ibs. (at altitude) 

for 120 sec., said to propel the second and 

third stages and the satellite from 36 to 

300 miles altitude. The system consists 

of a single, gimballed, regeneratively 

cooled thrust chamber; propellants are 

inhibited white fuming nitric acid 

(IWFNA) as the oxidizer and unsymmet- 

rical dimethylhydrazine (UDMH) as the 

fuel. 

e Aeroquip Corporation has named Pat 
Lynch Western Division Administrative 

Sales Manager and Philip G. Cawrey 
Aircraft Sales Manager. 

e Aluminum Company of America has 
purchased the transformer division of 

Automation Instruments, Inc., at Boulder, 

Colo. 

e American Airlines, Inc., has named G. 

Ward Hobbs Assistant Vice-President, 

Operations Services. 

e Arma, a Division of American Bosch 
Arma Corporation, has signed a license 

agreement with S. G. Brown, Ltd., of 
Watford, England, for the manufacture 

and sale of the Arma subminiature gyro 

compass, the firm has announced. 

e Beech Aircraft Corporation conducted 
joint councils for service and _ parts 

managers of Beechcraft distributor organ- 
izations in five regional locations during 

Apriland May. The firm also announced 

the sale of a new F50 Twin-Bonanza 
for the personal use of King Hussein of 
Jordan. 

e Bendix Aviation Corporation, Pacific 

Division, reports that production of com- 

ponents and systems for 20 United States 
missiles will account for more than half of 
its 1958 sales. . . . Scintilla Division has 

announced four promotions in its sales 

department: Donald B. Morse—from 
Sales Manager to Director—Sales, Service, 

and Advertising; Donald L. Quinney— 

from Assistant Sales Manager to Sales 
Manager; Leonard D. Williams—from 

Assistant to the Sales Manager to Manager 

Sales Office Administration; and 

William L. Bowler, Jr—from Product 

Manager—Aircraft Engine and Burner 

Ignition Sales, to New Products Manager, 

e Boeing Airplane Company has announced 
“expansion of its organization to develop 

and manage the comprehensive weapon 
system of tomorrow’’; the new group, to 

be known as the Systems Management 

Office, will have overall responsibility for 

the intricate pattern of mission definition, 

design, materiel procurement, contract 

and financial control, manufacture, test, 

and both ground and communications sup- 7 
Heading the new group is IAS@ 

George 
port. 

President Edward C. Wells. 
Stoner has been named General Manager 

of the first specific weapon system under 

development; Clyde Skeen was named 

Assistant General Manager—Operations; 

and Harlow J. Longfelder is Systems En- 

gineering Director. The firm also reports 

successful completion of the Bomare 

flight-test program and the start of tests on 
an improved model. . . . Pilotless Aircraft 
Division’s Chief Engineer Robert H. 

Jewett has been named to the division’s 
new position of Assistant General Man- 

ager—Chief Engineer. Also, George 

Snyder has been named Engineering 

Manager in charge of the Engineering 
Department and John D. Alexander, 

Advanced Projects Engineer Manager... . 

Robert J. Helberg, Bomare Project 

Engineer, has been named Bomare 

Weapon System Manager, and E. W. 

Smith has been named head of the pre 

liminary design organization, Pilotless 

Aircraft Division. 

e The Bristol Aeroplane Co. (USA) Inc, 

reports that its British parent has merged 

with the Hawker-Siddeley Group on a 
“fifty-fifty’’ basis to coordinate aircraft 
engine activities. Sir Arnold Hall, of 

Hawker-Siddeley and President of the 

Royal Aeronautical Society, has been 

named Chairman, and Air Commodore F. 
R. Banks, a Director of The Bristol Aero- 
plane Company, Ltd., has been named 

Vice-Chairman. The name of the new 
firm is Bristol-Siddeley Engines, Ltd. 

e Fairchild Engine and Airplane Corpora- 
tion reports its twin prop-jet F-27 has 
successfully completed its first flight. 

Two Rolls-Royce Dart engines power the 

aircraft at a cruising speed of 300 m.p.h. 

and over a range of more than 1,600 miles. 

e General Dynamics Corporation . . . 
Convair Division (Fort Worth) reports 
that its ‘‘flying’’ nuclear reactor has been 

transferred to Oak Ridge, Tenn., where it 

will be suspended from four 300-ft. towers 

for further radiation testing . . . . Strom- 
berg-Carlson Division announced that 

Douglas W. Anderson, Assistant to the 

Vice-President and General Manager— 

Electronics Division, has been awarded an 
Alfred P. Sloan Fellowship for 1 year’s ad- 
vanced study at the Massachusetts In- 

stitute of Technology School of Industrial 

Management. 
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“of a series of reports to help you 
ake more effective use of Flexon products. 

ENVELOPE PROBLEMS? VOLUME CONTROL PROBLEMS? 
Solve them with Flexon Vari-Form Ducting Components 

As the geometry of ducting becomes 
increasingly complex, forming prob- 
lems are compounded. Maintaining 
equivalent volume becomes difficult 
through a variety of transitions in 
shape. These considerations added to 

the long standing problems of weight, 
strength, heat resistance, etc. make 
ducting system design a severe test of 

ingenuity in fabrication. 
Flexonics Corporation’s development 

and advancement of the Vari-Form 
Process is making the designer’s job 
easier. The Vari-Form method pro- 
duced from tube is more economical 
and superior to many half-shell types 
with burnt down welds. ; 

Vari-Form ducting components are 

made by redeposition of material to all 

applicable MIL specs and in small or 
large quantities. 

A representative group of shapes formed 
by the Vari-Form Process. 

According to requirements, wall 
thicknesses ranging from .010 to .049 
are made in daily production routine 
in such unusual ene as 1:1 bends in 
stainless steel thin-wall tubing PLUS 
unusual shapes, transitions, elliptical, 

square—anything needed to meet the 
condition. All are high strength with 
ultimate yield of approximately 70,000 

psi. Metals customarily used in M/R 
applications and aircraft are easil 
handled: CRES 302, 304, 316, 321, 

SIDE VIEW 

347, Inconel X, 19-9DL, Monel and 

many others, including Titanium. 

Advantages to the Designer 

By specifying Flexon Vari-Form Duct- 
ing Components, the designer frees 
himself from the severe limitations of 
conventionally formed components. 
He is not troubled by limitations in 

configuration. He is assured of main- 

taining volume when it is required. He 
is able to hold weight to a minimum. 
He need not sacrifice strength for other 
considerations. 

Advantages in Production 

Flexon Vari-Form Ducting Compo- 
nents are made to very close tolerances, 

eliminating bad fit-up. Costs are held 

1309 S. THIRD AVENUE 

In this complex shape, 
maintenance of volume is 
essential. The Flexonies 
Vari-Form Process makes 
it possible on an economical 

is, 

in line because Vari-Form Components 

can be made in any quantity from 1 to 

many thousands with minimum tooling 
expense. 

Engineering Assistance 
Available 

If you have unusual ducting or piping 
problems, you can take advantage of 
Flexonics Corporation’s experience. 

As the nation’s most experienced man- 

ufacturer of metallic plumbing compo- 

nents for aircraft, and 
Flexonics is qualified to help you in 
the most advanced design problems. 

It will pay you to learn more about 
the Vari-Form Process and how it can 
serve you. For specific recommenda- 
tions send an outline of your needs. 

AERONAUTICAL DIVISION 
A-39 

* MAYWOOD, ILLINOIS 
In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 

Also Manufacturers of Rubber and Metal Hose Assemblies © Metallic Bellows ¢ Expansion Joints 
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AFT- FAN 
EXHAUST 

FREE 
FLOATING 
TURBINE 

The General Electric Company is testing this diagramed aft-fan component for its latest production 

engines. 

thrust by about 35 per cent. 

© General Electric Company and the Air 
Force have activated a new Flight-Test 

Center to house technical and engineering 

services of the company’s flight-test group 
at Edwards AFB, Calif. The first flight 

test of the new CJ-805 commercial jet 

engine has taken place at the center, the 

firm also announced... .G-E’s Re- 
search Laboratory has begun operation of 

its new helium wind tunnel, reaching 

velocities corresponding to Mach 28... . 
Aircraft Gas Turbine Division’s new aft- 

fan component for jet engines is said to 

give them ideal efficiency in the Mach 

0.80 to 0.90 speed range. It is a free fan, 

aerodynamically but not mechanically 

connected to the main engine rotor, which 

adds a secondary airflow to the jet exhaust 

slowing it down. Dallas A. Murphy has 

been named Spare Parts Procurement 

Sales Engineer in the division’s Production 

Engine Department. G. H. Ward has 

been appointed B-58 Engine Program 

Director. 

e@ Grumman Aircraft Engineering Corpora- 
tion reports that the Japanese Defense 
Agency has selected the firm’s F11F-1F 

Super Tiger for the Japanese Air Self- 

Defense Force. Production will begin in 

1959, with 300 aircraft scheduled—the 

majority to be built in Japan. West 

Germany and Switzerland are also con- 

sidering the Super Tiger. This same air- 
craft, flown by Lt. Comdr. George C. 

Watkins, USN, recently set an unofficial 

world altitude mark of 76,828 ft. at 

Edwards AFB. 

e Janitrol Aircraft Division, Surface Com- 
bustion Corporation, has occupied their 
new offices and factory at 4200 Surface 

Road, Columbus 4, Ohio. New phone 

number is BRoadway 6-3561. The 130,- 

000-sq.ft. facility houses the manufactur- 

ing, research, development, testing, en- 

gineering, marketing, and administrative 

functions. 

e@ Lear, Incorporated has formed a new 
general division at Santa Monica—Lear 
Astronics Division—specializing in the 
development and production of guidance 
and flight control systems and electronics 

for airborne vehicles. Division General 

Manager is James P. Brown; Charles F. 
Pitts is Assistant Division General Man- 

ager. F. Dunstan Graham is Eastern 
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The fan is said to improve cruise fuel economy by about 10 per cent and to increase take-off 

It will be offered in military and commercial versions. 

Operations Manager; Donald W. Dressel 

is Manager—Astronics Manufacturing 

Division. Astronics Contracts Division 

staff members are John A. Harper, Man- 

ager—Guidance and Control Marketing; 

Jess Uslan, Head—Contracts Administra- 

tion; and R. Lynn Eslinger, Assistant 

Manager—Electronic Marketing. On the 

Astronics Engineering Division staff are 

Frank A. Glassow, Manager—Electronics 

Engineering Department; Ralph Braver- 

man, Manager—Guidance and Flight 

Control Engineering Department; and 

Kenneth Kramer, Assistant Manager 

Guidance and Flight Control Engineering 

Department. 

e@ Lockheed Aircraft Corporation reports 
that the Navy will buy Electra turboprop 

aircraft as an ‘“‘off-the-shelf’’ procurement 

item for antisubmarine warfare... . 

Georgia Division has formed a separate 

operating branch which is engaged in 

designing—and is ready to manufacture— 

nuclear reactors for the generation of 

industrial heat. Robert W. Middlewood 
(AF), former division Chief Engineer, 

has been named Director, Georgia Nuclear 

Laboratories. . . . Missile Systems Divi- 

Lockheed Missile Systems Division is conducting development tests with a concrete and 

steel dummy missile to simulate the Navy's Polaris fleet ballistic missile launching system. 

The tests are being made as a joint effort with Westinghouse Electric Corporation, in charge 

of launcher development, at the San Francisco Naval Shipyard. 

July 1958 

sion has named William A. Stevenson to 
direct the design of the Polaris. He had 
been Convair’s Chief Engineer of Ad. 

vanced Missile Projects. Gershon R. 

Makepeace, formerly President and Gen. 

eral Manager, Sandshell Corp., has joined 

the division as Manager of the Polaris 

propulsion staff... . California Division 

has promoted Harold M. Harrison to the 

post of Assistant Chief Engineer. 

e Northrop Aircraft, Inc... . Northrop 
Division Engineering Vice-President 

George F. Douglas has announced that the 
division has “developed basic design 
criteria for a perfectly feasible manned! 

space laboratory.”” Roger S. Estey has! 
joined the Nortronics staff as a research! 

scientist. Tom J. Venator has. been 

named Chief Applications Engineer, Elec. | 

tronic Systems and Equipment, Nor. 
tronics. 

e Pan American World Airways, Inc... , 
Board of Directors has elected Norman P, 

Blake Vice-President and Howard M. 

Blackwell Assistant Vice-President, Serv- 

ices of Supply. John T. Shannon has} 
been appointed Atlantic Division Man-] 

ager to succeed Mr. Blake. 

e Pesco Products Division, Borg-Warner | 
Corporation, has formed an Automatic] 
Warehousing Branch to design, develop, 

fabricate, and install reserve storage ware- 

house systems featuring semiautomatic or 
fully automatic operation. It will pro- | 

duce conveyorized production-line systems | 

and a complete line of tooling for service | 

and overhaul of jet engines, as well as 

custom material-handling equipment of all 

kinds. D. Wayne Zimmerman is Branch 

Manager. 

e The Ramo-Wooldridge Corporation . .. 
Space Technology Laboratories Division 
will seek to gain data on the distribution of 

free electrons in the ionosphere during 

Atlas ICBM flight tests... . Pacific 

Semiconductors, Inc. (subsidiary), has 

announced that Simon Prussin and Frank 

Steinebrey have joined the research and 

development staff. Dr. Prussin will en- 

gage in the study of silicon crystal struc- 

ture; Mr. Steinebrey has been assigned 
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Because reliable aircraft and missile components are our 

only business, the reduction of the unknown gets first 

priority; “knowns” are designed in rapidly because an 

ample engineering and test staff gets action. Here are 

a few examples. 

Top: Janitrol high-pressure air duct couplings save 

one-third in weight over conventional designs. Newest 

couplings are made up to 36” diameter for quick dis- 

connects of jet engine tail pipes. 

Center: Janitrol pneumatic valves and regulators com- 

bine functions to save weight, bring new versatility and 

dependability to air distribution systems for tank pressur- 

ization, canopy seal, and other vital air-powered devices. 
Bottom: Janitrol Platular* heat exchangers combine 

the strength of the tubular type with the efficiency of the 

plate in a new economical modular design. Can be tai- 

lored to make maximum use of small, cramped spaces 

where conventional designs won’t fit. 
Call in your Janitrol representative for proposals on 

heat transfer, air control, and aircraft hardware problems. 

Janitrol Aircraft Division, Surface Combustion Cor- 

poration, Columbus 16, Ohio. 

*Trademark of Surface Combustion Corporation 

pneumatic controls - duct couplings & supports - heat exchangers 

combustion equipment for aircraft, missiles, ground support 
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to the firm’s high power silicon transistor 
development group. Three sales engineers 

have joined the firm: Irwin Samuels, 

Philip Astra, and Tom Lopker. 

e Republic Aviation Corporation has re- 
tained Antonio Ferri (F), Charles S. 

Draper (F), Winston Bostick, and John L. 

Barnes as consultants on space propulsion, 

inertial navigation, aerodynamics, and 

thermodynamics. The firm also an- 

nounced the unveiling of a new transonic- 

supersonic wind tunnel that will be used 

to create and evaluate a variety of aero- 

dynamic tests on the F-105 and for ex- 

plorations of missile design. The tran- 

sonic section has a speed range of Mach 0.8 

to 1.4, and the supersonic capability will be 

up to Mach 4. Fred G. Draper has been 
appointed Supervisor, Production and 

Supply, Helicopter Division. 

e Ryan Aeronautical Company has spon- 
sored a 2-day symposium on the Firebee 

drone missile which was followed by a 1- 

day Air Force closed conference. The 

firm’s ‘“‘MiniWate’’ method of fabricating 

paper-thin, high-strength steel alloy into 

missile structures has won a national de- 

sign award, Ryan announced. 

e Solar Aircraft Company has announced 
the appointment of Col. William C. 

Farmer, USA (Ret.), as Weapons System 

Manager. 

e@ Thompson Products, Inc., has undergone 
a broad reorganization involving regroup- 

ing of several divisions and coordination of 

their sales efforts. Five divisions—Jet, 

Accessories, Pneumatics, the Cleveland 

Operation of the Electronics Division, 

and the aircraft operations of the West 

Coast Division—have been combined in 

a new Tapco Group under managership of 

Vice-President Edward P. Riley. Stanley 

C. Pace has been elected a Vice-President 
of the firm and named Assistant Manager 

of the group. Pierce T. Angell will direct 

the central engineering function of the new 

group, and John H. Shaffer will be in 

charge of the coordinated sales section. 

In a companion move, a Customer Re- 

quirements Group—consisting of Staff 

Vice-Presidents Ben W. Chidlaw (also an 

IAS Vice-President), G. R. Moore, and 

Len W. Reeves—has been created. 

Eugene G. Ford, counsel for the company, 

has been elected Assistant Secretary. 

@ United Aircraft Corporation . . . Sikor- 
sky Aircraft reports the completion of a 
licensing agreement with Mitsubishi 

Heavy Industries of Tokyo to build the 

S-55 helicopter for sale in Japan and 

adjacent countries under royalty terms. 

® Vertol Aircraft Corporation has created 
two new corporate divisions—the Inter- 

national Division and the Government 

Operations Division—in place of the firm’s 
old Customer Relations Division. Harry 

S. Peck, Vice-President and former Direc- 

tor—Customer Relations, heads the Inter- 

national Division. James M. Davis, 

formerly Assistant to the President in 

charge of the Washington office, has been 
named Director—Government Operations 

Division. Other appointments in this 

division include T. R. Pierpoint, Man- 
ager—Military Programs Department; 
Bruce McKay, Manager—General Prod- 

ucts Department; Frank K, MacMahon, 

Robert G. Barnhart, and Edward B. 
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Wilford—Military Program Administra- 

tors; James N. Nutt, Military Products 

Administrator; and John Hanlon, In- 

dustrial Products Administrator. Thomas 

H. Mullen has been named to the newly 

created position of Manager—Program 

Evaluation. 

e Vitro Corporation of America has an- 
nounced the appointment of John T. 

Bailey as Chief Design Engineer, Vitro 
Engineering Company division. 

® Westinghouse Electric Corporation has 
established its Defense Products Head- 

quarters at 1000 Connecticut Avenue, 

N.W., Washington, D.C. The firm also 

announced seven appointments in this 

office: R. M. Wilson, Director, Applica- 
tion Engineering; Patrick Conley, Tech- 

tas News 

nical Director; V. W. McMahill, Director, 

Contract Administration; E. W. Locke, 

Staff Assistant and Military Liaison; H. 

E. Dralle, Weapon Systems Coordinator, 

nondefense divisions; H. A. Gunther, Jr, 

Director, Customer Requirements; and C. 

A. Willer, Group Budget Director. T. P. 

Eldridge has been named Pittsburgh rep- 

resentative for defense products and liaison 

between the firm’s headquarters and the 

Washington staff. Westinghouse also has 

established a new microwave center ad- 

jacent to Cornell University, Ithaca, N.Y,, 

as a branch of the Electronic Tube Divi- 

sion. The Sunnyvale Manufacturing Di- 

vision is conducting development work on 

the Polaris missile launching and handling 

system. 

IAS Sections 

Boston Section 

B-58 Design Features 

Edward D. Mathis discussed ‘Design 
Highlights of the B-58”’ at the February 6 
meeting. He is Manager. B-58 Flight- 

Test Program, Convair (Fort Worth). 

Mr. Mathis covered concept through de- 

tail design in his talk. He outlined major 

design requirements including high alti- 

tude and speed, wide speed and tempera- 

ture range, severe vibration environment 

due to engine noise, and high structure 

loads. 

As an indication of the “cleanness” of 
the aircraft, he said that lowering the 

landing gear approximately doubles the 

drag. 

Honeycomb sandwich construction was 

used throughout to provide necessary ex- 

ternal smoothness and to satisfy the de- 

mands of the extreme environmental de- 
sign conditions. A fiberglass core was used 

in the area of the wing fuel cells to provide 

insulation during prolonged supersonic 

flights. 

G. FALLABELLA, JR. 

Secretary 

Dayton-Cincinnati Section 

Need for Government Support 

of Accessory Power Firms 

Walter C. O’Connell, General Manager, 

General Electric’s Aircraft Accessory Tur- 

bine Department, discussed ‘Some Prob- 
lems of Furnishing Accessory Power Prod- 
ucts for Defense and Some Suggested 
Solutions’? on February 27. 

Mr. O’Connell advocated a systems ap- 

proach to get the best results in terms of 

equipment performance, cost, and de- 

livery. He illustrated this by tracing the 

development of an electrical power sys- 

tem from its components to a complete 
self-contained accessory power system. 

Financial risks increase as the complex- 
ity of equipment increases, he said. Also, 

the accessory equipment supplier must 

constantly search for new and_ better 

ways to perform his function to keep pace 

technically with the needs of industry and 

with his competitors. 

Technical development should be self- 

starting and should strive for cost reduc- 

tion through design simplification and ef- 

ficient operation. Mr. O’Connell also rec- 

ommended that prime weapons system 

manufacturers give earlier consideration 

during their development cycles to acces- 

sory power systems. 
they might subcontract accessory system 

management, focusing responsibility for 

subsystem performance. 

The Government should encourage in- 

Whenever possible | 

JEW 

dustry in military product development 

and capital investment through better 

recognition of the price versus value rela- 

tionship, the allowance of realistic depre- 

ciation, and the abolishment of statutory 

renegotiation. The accessory power man- 

ufacturer needs such direct support for 
state-of-the-art developments, he said. 

Joun McCoiiom 
Secretary 

Detroit Section 

Member Interests Surveyed 

A recent survey of members of this 

Section indicated that programs based on 

the following topics were most desired: 

aircraft components or accessories, busi- 

ness aircraft, missiles and high-speed air- 
craft, and STOL-VTOL aircraft. The an- 

nual small gas turbines symposium and 

the student paper competitions were also 

very popular. 

The Section sponsored a Student Paper 
Competition on May 6 at the University of 

Michigan. 

RICHARD CHUTE 

Secretary 

Indianapolis Section 

Analog Computer Use 

With Turbine Engines 

“The Real Time Simulation of Turbo- 
jet and Turboprop Engines and Controls” 
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A report to engineers and scientists from Lockheed Missile Systems— 

where expanding missile programs insure more promising careers. 

JEW LAB MEASURES ANTENNA PATTERNS; PROBES OUTER SPACE 

A new laboratory at Sunnyvale, California today gives Lockheed scientists antenna 

patterns, scattering and propagation data, and promises exciting new discoveries 

in the problems of space communication. Laboratory studies include the effect of upper 

space on radar and radio signals, the radar pattern presented by space vehicles 

and missile shapes, and the design of antennas to survive the rigorous environment of 

the upper atmosphere and hypersonic speeds. Findings could pave the way for 

communication with manned space ships of the future or for the remote guidance of 

unmanned space ships. 

Research and development studies by Division scientists contribute heavily to the 

projects that place Lockheed in the forefront of U.S. missile developers. These projects 

include the Polaris solid fuel ballistic missile, Earth Satellite, Q-5 target ramjet, 

and X-7 test vehicle. Positions created by expansion on these and still other programs 

we Cannot discuss offer unusual opportunities for advancement with our growing 

young division. Besides Antenna and Propagation, openings are in Solid State 
Electronics, Telecommunications, Instrumentation, Radar and Data Link. 

Other openings include Information Processing, Reliability-Producibility, 

Ground Support, Flight Controls. Qualified engineers or scientists may write to 

Research and Development Staff, Palo Alto 3, California. 

Lochheed 

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, COOKE AFB, CALIF. » CAPE CANAVERAL, FLA. » ALAMOGORDO, N.M. 

MISSILE SYSTEMS DIVISION 

Mr. Emmanuel A. Blasi, right, 
Manager of Antenna and 
Propagation Department, 
discusses results of radiation 
performance after antenna 
pattern measurements with staff 
scientist Allen S. Dunbar. 
Column bearing missile in 
background is operated 
automatically from laboratory. 
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CorPORATE MEMBERS 

INSTITUTE OF AERONAUTICAL SCIENCES 

ACADEMY OF AERONAUTICS 

ADAMS RITE MANUFACTURING COMPANY 

AEROJET-GENERAL CORPORATION 

AEROLAB DEVELOPMENT COMPANY 

AERONCA MANUFACTURING CORPORATION 

AERONUTRONIC SYSTEMS, INC. 
AEROPHYSICS DEVELOPMENT CORPORATION 

AEROQUIP CORPORATION 

AGAWAM AIRCRAFT PRODUCTS, INC. 
ALLIED RESEARCH ASSOCIATES, INC. 
ALLIS-CHALMERS MANUFACTURING COMPANY 
ALLISON DIVISION, GENERAL MOTORS CORPORATION 

ALUMINUM COMPANY OF AMERICA 

AMERICAN AIRLINES, INC. 

AMERICAN BOSCH ARMA CORPORATION 
AMERICAN NON-GRAN BRONZE COMPANY 
AMERICAN STEEL & WIRE DIVISION, UNITED STATES 
STEEL CORPORATION 

AMOCO CHEMICALS CORPORATION 

AMPHENOL ELECTRONICS CORPORATION 

ANDERSON, GREENWOOD & CO. 

ARDE ASSOCIATES 

ASSOCIATED AVIATION UNDERWRITERS 

AVCO RESEARCH LABORATORY 

AVIEN, INC. 

AVRO AIRCRAFT LIMITED 

BAKER STEEL & TUBE COMPANY 

BEECH AIRCRAFT CORPORATION 

BELL AIRCRAFT CORPORATION 

BENDIX AVIATION CORPORATION 

THE BG CORPORATION 

BOEING AIRPLANE COMPANY 

BOOZ, ALLEN & HAMILTON 

THE BRISTOL AEROPLANE COMPANY (U.S.A.) INC. 

BULOVA RESEARCH AND DEVELOPMENT LABORA- 
TORIES, INC. 

CANADAIR, LTD. 

THE CESSNA AIRCRAFT COMPANY 

CHANCE VOUGHT AIRCRAFT, INCORPORATED 

THE CHASE MANHATTAN BANK 

THE CLEVELAND PNEUMATIC TOOL COMPANY 

CONSOLIDATED CONTROLS CORPORATION 

CONTINENTAL MOTORS CORPORATION 

CORNELL AERONAUTICAL LABORATORY, INC. 

CURTISS-WRIGHT CORPORATION 

DECKER AVIATION CORPORATION 

DOAK AIRCRAFT COMPANY, INC. 

DOUGLAS AIRCRAFT COMPANY, INC. 

DZUS FASTENER COMPANY, INC. 

EASTERN AIR LINES, INC. 

EDO CORPORATION 

ELASTIC STOP NUT CORPORATION OF AMERICA 

ELECTROL INCORPORATED 

ENGINEERING SUPERVISION COMPANY 

. 

OF THE 

ESSO STANDARD OIL COMPANY 

FAIRCHILD CAMERA AND INSTRUMENT CORPORA- 
TION 

FAIRCHILD ENGINE AND AIRPLANE CORPORATION 

FEDERAL TELECOMMUNICATION LABORATORIES, 
DIVISION OF INTERNATIONAL TELEPHONE AND 
TELEGRAPH CORPORATION 

THE FIRESTONE TIRE & RUBBER COMPANY 

THE GARRETT CORPORATION 
AIRESEARCH MANUFACTURING CO. 

GENERAL DYNAMICS CORPORATION 

GENERAL ELECTRIC COMPANY 

GENERAL PRECISION EQUIPMENT CORPORATION 

G. M. GIANNINI & CO., INC. 

THE B, F, GOODRICH COMPANY 

GOODYEAR AIRCRAFT CORPORATION 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 

HYDRO-AIRE, INC. 

INSURANCE COMPANY OF NORTH AMERICA COM- 
PANIES 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

THE INTERNATIONAL NICKEL COMPANY, INC. 

JANITROL AIRCRAFT DIVISION, SURFACE COMBUSTION 
CORPORATION 

JOHNS-MANVILLE SALES CORPORATION 

EARLE M. JORGENSEN CO. 

KELSEY-HAYES COMPANY 

WALTER KIDDE & COMPANY, INC. 

KOLLSMAN INSTRUMENT CORPORATION 

KOPPERS COMPANY, INC. 
INDUSTRIAL SOUND CONTROL DEPARTMENT 

LAVELLE AIRCRAFT CORPORATION 

LEAR, INCORPORATED 

C, W. LEMMERMAN, INC. 

LIBRASCOPE, INCORPORATED 

THE LIQUIDOMETER CORPORATION 

LOCKHEED AIRCRAFT CORPORATION 

LOEWY-HYDROPRESS DIVISION OF BALDWIN-LIMA- 
HAMILTON CORPORATION 

LONGINES-WITTNAUER WATCH COMPANY, INC. 

MARQUARDT AIRCRAFT COMPANY 

THE MARTIN COMPANY 

MARTIN STEEL PRODUCTS CORPORATION 

McDONNELL AIRCRAFT CORPORATION 

MELETRON CORPORATION 

MID-CONTINENT MFG., INC. 

MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 

NATIONAL CREDIT OFFICE, INC. 

NORTH AMERICAN AVIATION, INC. 

NORTHROP AIRCRAFT, INC. 

NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 

PAN AMERICAN WORLD AIRWAYS, INC. 

THE RALPH M. PARSONS COMPANY 

PESCO PRODUCTS DIVISION, BORG-WARNER COR. 
PORATION 

PHILLIPS PETROLEUM COMPANY 

PIASECKI AIRCRAFT CORPORATION 

THE RAMO-WOOLDRIDGE CORPORATION 

REPUBLIC AVIATION CORPORATION 

ROHR AIRCRAFT CORPORATION 

PAUL ROSENBERG ASSOCIATES 

RYAN AERONAUTICAL COMPANY 

SANDBERG-SERRELL CORPORATION 

SCHRILLO AERO TOOL ENGINEERING COMPANY 

SHAFER BEARING DIVISION, CHAIN BELT COMPANY 

SHELL OIL COMPANY 

SIMMONDS AEROCESSORIES, INC. 

SOCONY MOBIL OIL COMPANY, INC. 

SOLAR AIRCRAFT COMPANY 

SOUTHWEST PRODUCTS CO. 

R. DIXON SPEAS ASSOCIATES 

SPERRY GYROSCOPE COMPANY DIVISION OF SPERRY 
RAND CORPORATION 

STANDARD OIL COMPANY OF CALIFORNIA 

STANDARD OIL COMPANY (INDIANA) 

STANDARD-THOMSON CORPORATION 
CLIFFORD MANUFACTURING COMPANY 

STANLEY AVIATION CORPORATION 

STROUKOFF AIRCRAFT CORPORATION 

SUMMERS GYROSCOPE COMPANY 

SYSTEMS LABORATORIES CORPORATION 

THIOKOL CHEMICAL CORPORATION 

THOMPSON PRODUCTS, INC. 

TOOLKO ENGINEERING COMPANY 

TRANS WORLD AIRLINES, INC. 

TURBO PRODUCTS, INC. 

UNION CARBIDE CORPORATION 

UNITED AIR LINES, INC. 

UNITED AIRCRAFT CORPORATION 

UNITED STATES AVIATION UNDERWRITERS, INC. 

UNITED STATES RUBBER COMPANY 

VARD, INC. 

VERTOL AIRCRAFT CORPORATION 

VICKERS INCORPORATED 

VITRO CORPORATION OF AMERICA 

WESTERN GEAR CORPORATION 

WESTINGHOUSE ELECTRIC CORPORATION 

WESTON ELECTRICAL INSTRUMENT CORPORATION 

WINDER AIRCRAFT CORPORATION 

WYMAN-GORDON COMPANY 

YOUNG RADIATOR COMPANY 
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NIAGARA FRONTIER 
SECTION 

Niagara Frontier Section bers who 

Herbert Kurit (A), an Aerodynamicist for the H. L. Yoh Company, Inc., was one of 27 IAS 

d this exhibit during a 4-day Technical 

Societies Council Science Fair in February. Some 300 visitors obtained information at the 

Section's exhibit. 

was discussed by D. L. Dresser before 60 

members and guests at the April 14 meet- 

ing. Mr. Dresser is Supervisor, Analog 

Computer Group, Allison Division, Gen- 

eral Motors Corporation. 

He introduced the analog computer as 
the most powerful technique for solving the 
task of the control designer to produce op- 

timum control of a designed engine in a 

minimum amount of time. ; 
Mr. Dresser also discussed detailed ex- 

amples of simulation with gas-turbine en- 
gines. 

R. J. H. Bott arp 

Secretary 

New York Section 

160 Members Visit 

N.Y. International Airport 

More than 160 members visited new 
buildings and the Air Route Traffic Center 
at New York International Airport on 

April 10. New York Port Authority and 

CAA personnel served as guides. 

The new International Arrivals Build- 

ing uses the latest ideas for handling large 

numbers of passengers and has spacious 

facilities for public health, inspection, im- 

migration service, and customs checking. 

Incoming passengers move the shortest 

possible distance through these facilities 

and can be met by visitors who may watch 

their processing from the second floor. 

The group also was briefed on future 
plans for the terminal city including in- 

dividual airline buildings which will sur- 
round an ellipse in which the control 

tower, parking lots, and other facilities are 

located. The entire area is landscaped and 
lighted at night. 

The Air Route Traffic Center, located 
away from the main buildings, is one of 

the busiest in the world, controlling traf- 

fic for some 150 miles west and south of 

New York and for 500 to 600 miles over 

the Atlantic. The Center has the latest 
traffic control and radar equipment and 

handles all types of aircraft. 

R. M. WoopHAM 

Niagara Frontier Section 

Stever Discusses Space Technology 

H. :3uyford Stever delivered a talk on 
“Space Technology” at the April 23 

meeting. Dr. Stever is an IAS Vice-Pres- 

ident and Chairman, NACA Special 

Committee on Space Technology. 

His talk covered the implications of the 
space race with Russia, the scientific bene- 

fits to be derived from space flight, and the 
nature of the agency which will administer 
research in space technology. 

Dr. Stever said any grandiose schemes to 
place a large number of satellites in orbit 
will be detrimental to the problem of space 
surveillance. An abundance of informa- 
tion on the nature of space can be obtained 

from a small number of firings. 

DANIEL B. HARDIE 

Secretary 

Rocky Mountain Section 

Weapons Planning 

Major Kemper W. Baker, USAF Air 
Defense Command, spoke on ‘‘Opera- 

tional Planning for Future Weapons Sys- 
tems’’ at the March 20 meeting. Major 
Baker is Chief, Manned Interceptor 
Branch, Weapons Division, Directorate of 
Plans. 

He described the process for determining 
future defense weapons systems require- 

ments and showed slides to illustrate his 
talk. 

D. A. KNOWLTON 

Secretary 

San Antonio Section 

Sources of “‘Infinite’’ Energy 

John J. Grebe spoke on ‘Forms of 
Energy Available to Man’ at the April 8 
meeting. Dr. Grebe is Director, Nuclear 

and Basic Research, The Dow Chemical 

Company. 

He pointed out the infinite energy 

potential we have from the ‘‘nuclear age” 

and from the oceans of the earth and drew 
a comparison between them and what is re- 

ferred to as dwindling natural resources 

(oil and water supplies). 

Dr. Grebe also discussed how power 

from nuclear fission and the potential of 

the seas could be combined to provide 

“infinite” energy. 

M/Scr. RoBErT R. Perry, USAF 

Secretary 

San Francisco Section 

Atmosphere Problems 

in Missile Design . 

Some 50 members and guests at the 

April 17 meeting heard George Taylor dis- 
cuss ‘‘Atmosphere in Missile Design.’’ 
Dr. Taylor is a Staff Scientist, Lockheed 

Missile Systems Division. : 

His talk included an explicit description 
of the variation of atmospheric properties 

with underlying explanations. He used 

slides to illustrate the discussion. 

> “Soaring, the World’s Most Beautiful 
Sport’? was discussed by Stan Hall before 
60 members and guests at the March 20 
meeting. A Staff Engineer, Lockheed 

Missile Systems Division, Mr. Hall also is 

Director, the Southern California Soaring 
Association. 

He described the evolution of the high- 

performance sailplane and episodes in the 

discovery of soaring techniques in this 

country. 

Mr. Hall also showed a film about the 
construction and testing of a glider, the 

Cherokee II, which he designed for those 
who wish to build an efficient sailplane at 

home. The film also showed in-flight 

scenes at Torrey Pines along the ocean 

cliffs of Southern California. 

DANIEL BERSHADER 

Secretary 

St. Louis Section 

Pilot for X-15 

Discusses Flight Testing 

Captain Iven C. Kincheloe, Jr., spoke 
on ‘*X-2 and X-15 Flight Testing’’ at the 
March meeting. An Associate of the In- 
stitute, Captain Kincheloe was awarded 

the Mackay Trophy last year for a 126,- 

200-ft. climb in the Bell X-2 in 1956. 

He reviewed his historic flight and ex- 
plained the different ‘““X”’ series aircraft. 
He said the goal of the North American X- 

15 is to reach the ionosphere, traveling 

anywhere from 50 to 150 miles into space. 

This ‘“‘manned spaceship” will investigate 

the unknown velocity regions at five, six, 
or more times the speed of sound. 

The X-15 rocket engine will be capable 
ot 60,000 Ibs. of thrust. It will fire from 1 

to 3 min. Captain Kincheloe said the 
plane is considered safe. Depending upon 
circumstances, the pilot, in case of mis- 

hap, will have a 90 to 100 per cent survival 
chance. The aircraft has been carefully 

designed from the standpoint of human 
engineering. He illustrated his talk with 
slides and a movie made by Bell. 

The meeting, attended by some 250 
members and guests, was classified. 

OwEN B. McBEE 
Secretary 
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Texas Section 

Scientists Debate 

Problem Solving 

Sir Richard V. Southwell and V. G. 
Szebehely on April 2 discussed the pros 
and cons of using ‘‘Relaxation’’ methods 
and electronic computations to solve engi- 

neering mathematical problems. 

Sir Richard, an Honorary Fellow of the 

Institute, is Visiting Professor of Me- 

chanical Engineering, The Rice Institute. 

Dr. Szebehely is associated with the Aero- 

science Laboratory, General Electric Com- 

pany. 
Sir Richard said that one school of 

thinking believed in solving complex prob- 

lems only through electronic computation 

while another school believed the best 

method was to perform all calculations 

using the human operator. Both men 

agreed the best course of action was to use 

both methods in such a way that they com- 

plemented each other. 

M. V. Riccrus 

Secretary 

Tullahoma Section 

Spacecraft Fuel and Systems 

More than 60 members and guests 

heard A. M. Rothrock lecture on “The 
Relation of the Propellant to the Propul- 
sion System for Spacecraft’? on March 31. 
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Aircraft pressurizing 
pump motor. 

WINNING HORSEPOWER 

for your motor-driven product 

With a Lamb Electric specially engineered motor you obtain 
the motor qualities which are important in winning accept- 
ance for your product. 

Exceptional performance and dependability are standard 
with Lamb Electric Motors, at no increase in cost, because 
they are “custom tailored” by personnel having many years 
of experience in this field. 

May we demonstrate these advantages for your new and 
redesigned products? 

THE LAMB ELECTRIC COMPANY KENT, OHIO 
A Division of American Machine and Metals, Inc. 

In Canada: Lamb Electric — Division of Sangamo Company Ltd.—Leaside, Ontario 
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An IAS Fellow, he is Assistant Director 

for Research (Propulsion), NACA, Wash- 

ington, D.C. 

Mr. Rothrock discussed liquid, solid, 

nuclear, ion, magnetic, and other types of 

propulsion systems. 

H. A. REICHMANN, JR. 

Secretary 

Tulsa Section 

Jet Transport Virtues: 

Speed, Passenger Appeal 

Marvin Whitlock, Vice-President, Oper- 
ations Planning, American Airlines, spoke 

on the topic ‘‘Why Jet Transports?’ at 
the April 8 meeting. 

He said that, although the airlines could 

satisfy their needs for increased capacity 

by buying more piston aircraft, there are 
several reasons for preferring jets. 

The step to jets in the 580-m.p.h. class 
exceeds greatly the relatively slow average 

increase of approximately 8 m.p.h. per 

year for piston aircraft over the past 25 

years. Reduced noise and _ vibration, 
roomier cabins, and high-altitude weather- 

free travel are expected to appeal to the 

passenger even more than the speed ad- 

vantage. 

Bruce D. OLsSon 
Recording Secretary 

Washington Section 

Fundamental Instruments 

Favored for Space Travel 

George E. Valley, USAF Chief Scien- 
tist, discussed ‘‘Missile and Spacecraft 
Electronics”’ at the April 8 meeting. 

Dr. Valley stressed fundamental elec- 

tronic aids, the magnetic compass, sex- 

tant, theodolite, and directional gyro in 

lieu of current aids to navigation which 
have sizable space and power require- 

ments. These, together with a reliable 

clock and charts of the stars and moons of 
the universe, could be readily used for 
space navigation. 

He said one electronic device—the radio 
altimeter—would be required for the ter- 
minal phase of the trip to determine ac- 
curately the height for firing deceleration 

rockets. 

FLoyp J. SWEET 

Secretary 

Change of Address 

Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Aero/Space Engineering. 

Notices should be sent directly to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, N.Y. 
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in the field of aeronautical engineering and space technology 

AERONAUTICS, GENERAL 

Jane’s All the World’s Aircraft, 1957-58. Com- 
piled and Edited by Leonard Bridgman; Assis- 
tant Compiler, John W. R. Taylor. New York, 
McGraw-Hill Book Company, Inc., 1957. 488 
pp., illus., diagrs. $30. 

The seven principal sections of this edition, 
which has been corrected to September 30, 1957, 
cover the topics of military aviation, civil avia- 
tion, civil airline operators, airplanes, gas-turbine 
engines, piston engines, and airships. Some 590 
new illustrations have been introduced; the Air- 
lines of the World tabulation contains a record of 
the composition and the 1956 basic traffic figures 
of 297 scheduled airlines and other operators 
maintaining scheduled services. 
The airplane section comprises 339 pages, 25 

more than last year, and contains a total of 761 
illustrations, of which 434 are new. Great Bri- 
tain, Canada, Czechoslovakia, West Germany, 
Poland, and the United States all show increases 
in the number of pages compared with last year. 
The products of 33 countries are dealt with in this 
section, with the United States occupying 140 
pages, Great Britain 65 pages, and France 33 
pages. Austria and Bulgaria are represented 
again after an absence of 20 years, and Eastern 
Germany and Egypt are appearing for the first 
time. The Russian section of 14 pages does not 
contain much new military information, largely 
because the 1957 military display at Tushino, at 
which it had been customary for the Soviet Air 
Force to show off its latest aircraft, was canceled 
at the last moment. 

Although reference is made in the airplane 
section to the missile work being done by indivi- 
dual manufacturers, more complete tabular in- 
formation is given in the Guided Missiles and 
Missile Test Vehicle sections. The engine sec- 
tion contains a total of 94 pages, of which 61 are 
devoted to gas-turbine power plants and rocket 
motors. The small airship section gives available 
details of the airships of the U.S. Navy. 

There are four indexes—for aircraft, rotating- 
wing aircraft, gas-turbine engines, and piston 
engines. Each index contains, in addition to ref- 
erences to all items in this edition, references to 
all aircraft and engines described in the ten pre- 
vious editions of Jane’s, going back to and in- 
cluding 1947. 

Aircraft Year Book, 1957-1958. 39th Ed. 
Official Publication of the Aircraft Industries 
Association, Inc. Washington, American Avia- 
tion Publications, Inc., 1958. 432 pp., illus., 
diagrs. $6.00. 

Contents: Aviation Events. The = Industry: 
Airframe and Missile Manufacturers, Engine 
Manufacturers, Systems and Components Manu- 
facturers. Military Aviation. Research and 
Development. Civil Aviation: The Airlines, 
Helicopters, General Aircraft. Government and 
Aviation. Aircraft in Production. Engines in 

uction. Missiles. United States Chronol- 
ogy. 1957 Day by Day Chronology. Official 
Records. Bibliography. Index. 

AIR CONDITIONING 

Into Thin Air. E. W. Still. 
Normalair Ltd., 1957. 
tables. 18s. 6d. 
_Written by the Technical Director of Normalair 

Limited, this volume introduces the aircraft de- 
signer and licensed engineer to the complex of 
equipment and instrumentation involved in the 
task of pressurizing and air conditioning aircraft 
cabins. The author has also provided a detailed 

de to the various statutory requirements in 
orce in Great Britain, as well as those based upon 
the recommendations of the SAE. 

Contents: (1) Physiological Factors of High 
Altitude Flight. (2) The General Requirements 
of Air Conditioning. (3) Pressure Control Sys- 
tems. (4) Power and Air Supply. (5) Cooling 
and Heating Systems. (6) Temperature Control. 
(7) Humidity Control. (8) Air Flow and Ventila- 
tion. (9) Oxygen Systems. (10) Mountaineer- 
ing Oxygen. (11) Testing of Systems and Equip- 
ment. (12) Detailed Requirements of Air Con- 
ditioning. 

Appendixes: (1) Sample Calculations for 100- 
Seater Civil Transport Aircraft. (2) Duct Loss 
Data. (3) Temperature Standards. (4) Sub 
Sonic Flows Through an Orifice. (5) Discharge of 

Yeovil, England, 
215 pp., illus., diagrs., 

Air Through an Orifice into Altitude Conditions. 
(6) Conversion Data. 
Tables and Data. 

(7) Standard Atmosphere 

AIRPLANES 

Airplane Design Manual. Frederick K. Teich- 
mann. 4th Ed. New York, Pitman Publishing 
ye 1958. 489 pp., diagrs., tables. 

The present edition has been rewritten and ex- 
panded by more than 100 pages to encompass the 
developments that have come about in airplane 
design since the issuance of the 1950 edition. 
An attempt has been made to amplify the analyti- 
cal approach to design problems, as well as the 
purely empirical approach. The objectives of 
the book are (1) to provide an understanding of 
the various principles included in aerodynamics, 
structural design, installation requirements, and 
application of materials; (2) to afford a basis for 
stress analysis; (3) to provide some drafting 
experience; and (4) to enable the student to 
evaluate various requirements, judge the neces- 
sity of compromise, and know the amount of time 
needed to achieve a given objective. 

The author is Professor of Aeronautical Engi- 
neering and Assistant Dean, Day Division, College 
of Engineering, New York University. 

An Introduction to the Dynamics of Airplanes. 
H. Norman Abramson. New York, The Ronald 
Press Company, 1958. 225 pp., illus., diagrs., 
tables. $4.50. 

The purpose of this book is to acquaint the 
senior aeronautical engineering student with the 
various dynamical problems encountered in the 
design, construction, and operation of aircraft and 
to furnish the practicing engineer with a useful 
introduction to more advanced books and to the 
rapidly increasing number of technical papers 
dealing with this particular aspect of aeronautical 
science. Since most of the problems peculiar to 
airplane and missile dynamics are considered to 
be principally those of vibration, the first third of 
the book deals with vibration theory; the balance 
of the volume is devoted to the main topic, the 
dynamics of airplanes. A brief treatment of the 
use of matrix algebra in the literature concerning 
airplane dynamics is given in Chapter 3, and the 
subject of flight stability of aircraft is accorded 
full coverage in Chapter 8. In most instances, 
the problems which accompany the text constitute 
amplifications or extensions of the text and should 
therefore be regarded as as much a part of the 
4 amma development of the subject as the text 
itself. 

The Observer’s Book of Aircraft. William 
Green and Gerald Pollinger. 6th Ed. London, 
New York, Frederick Warne & Co., Ltd., 1958. 
288 pp., illus., diagrs. $1.25. 

This pocket book contains available details, 
photographs, and three-view silhouettes of 152 of 
the world’s latest military and civil aircraft. 
From lightweight fighters and supersonic bombers 
to light touring planes, the aircraft are arranged in 
alphabetical order by manufactu-er’s name. 

ASTROPHYSICS 

Theoretical Astrophysics. E. R. Mustel’, 
A. B. Severnyi, and V. V. Sobolev. Edited by 
V. A. Ambartsumyan. Translated from the 
Russian by J. B. Sykes. New York, Pergamon 
Press, 1958. 645 pp., diagrs., tables. $22.50. 

This work by four Soviet astrophysicists, first 
published in 1952 and revised by the authors for 
the English translation, gives a comprehensive 
treatment of the main branches of astrophysics 
at the graduate level. Two-thirds of the book 
consists of the work of E. R. Mustel’ and deals 
with the theory of the continuous spectrum; the 
theory of absorption lines; the physics of the 
sun; the theory of radiative equilibrium; the 
structure of the photospheres of stars of various 
spectral classes; the deviations from thermody- 
namic equilibrium in stellar photospheres; line 
contours and their interpretation; curves of 
growth; sunspots; prominences; the chromo- 
sphere; the corona; and solar electrodynamics. 
Mr. Sobolev’s contributions consist of discussions 
of planetary nebulas, novas, and stars with emis- 
sion lines in their spectrums, and an elucidation 
of the physical state of matter in these objects and 
the mechanism of their radiation. A. B. Sev- 
ernyi is concerned with the internal structure of 
the stars; V. A. Ambartsumyan concludes with 
dissertations on the scattering of light in plane- 
tary atmospheres and interstellar matter. 

The 183 bibliographical references include 
Soviet journals, but Soviet textbooks not avail- 
able in translation have been omitted. 
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COMPUTERS 

_ Modern Computing Methods. Gt. Brit., Na- 
tional Physical Laboratory, Mathematics Di- 
vision. New York, Philosophical Library, 1958. 
129 pp., diagrs. $8.75. 

These notes on computation are based on lec- 
tures delivered by various staff members of the 
Mathematics Division, NPL, and are designed to 
teach the basic principles of the use of analog 
machines, high-speed digital computers, and the 
techniques of numerical mathematics involved in 
the solution of problems in electrical engineering. 
Topics discussed include algebraic equations and 
matrixes, finite difference methods, ordinary and 
partial differential equations, and the tabulation 
and computation of mathematical functions. 

Appendix 1 contains a fairly comprehensive 
bibliography of the most useful books and papers 
on the various topics of numerical analysis. 
Appendix 2 gives a brief description of DEUCE, 
the high-speed digital machine in operation in the 
Mathematics Division, and Appendix 3 describes 
the basic features of a mechanical differential 
analyzer also employed at the NPL. 

CONTROL THEORY 

Control Engineers’ Handbook; Servomech- 
anisms, Regulators, and Automatic Feedback 
Control Systems. Edited by John G. Truxal. 
New York, McGraw-Hill Book Company, Inc., 
1958. 1048 pp., diagrs., tables. $18.50. 

This handbook has been written for two pri- 
mary groups—the engineer recently graduated 
from college who is anxious to work in the con- 
trol field, and the control engineer who is experi- 
enced in one area but desires an introduction to a 
different aspect of his chosen science. Some 36 
experts have contributed to this volume, in which 
the chief emphasis is on the components of typical 
control systems rather than on system design or 
theory. In line with this emphasis, roughly 80 
per cent of the handbook is devoted to compo- 
nents, with the remaining 20 per cent containing 
digests of basic design and analysis techniques. 
Linear transistor circuits, magnetic amplifiers, 
thyratron amplifiers, contactors and relays, power 
supplies, electromechanical actuators, mechani- 
cal components, clutches and brakes, hydraulic 
components, pneumatic components, and signal 
transducers are all given a feedback-control-en- 
gineering treatment accompanied by physical 
explanations and mathematical descriptions of 
their role in typical control systems. 

The editor is presently Head, Electrical En- 
gineering Department, Polytechnic Institute of 
Brooklyn. 

DICTIONARIES 

Russian-English Glossary of Acoustics and Ul- 
trasonics. Edited by P. Robeson, Jr. ew 
ie Consultants Bureau, Inc., 1958. 193 pp. 
1 
The increasing availability and use of Soviet 

scientific publications has made imperative the 
prompt publication of a comprehensive and au- 
thoritative modern reference for Russian termi- 
nology in all fields of modern research physics— 
both theoretical and applied. To meet this end, 
Consultants Bureau, Inc., plans the publication 
within the next 2 years of a Russian-English 
Physics Dictionary covering the scientific and 
technical terminology, as well as ordinary Russian 
expressions and idioms which have special mean- 
ing in the various fields of physics. ; 

This interim glossary is one of several that will 
precede the final, permanently bound volume 
now scheduled to appear during 1959, and con- 
tains over 10,000 terms and expressions taken 
from numerous articles on various topics in the 
fields of acoustics, electroacoustics, and ultrasonic 
theory. These articles appeared in several thou- 
sand pages of the most recent issues of Soviet 
physics and engineering journals, especially the 
Journal of Acoustics, Journal of Technical Phys- 
ics, and Radio-Engineering. Appended is an 
Index of Russian-English Equivalents of (Per- 
sonal) Names Commonly Found in Acoustics and 
Ultrasonics Theory. 

ELECTRONICS 

G Conductors; Theory and Engineering 
Applications. James Dillon Cobine. New York, 
Dover Publications, Inc., 1958. 606 pp., illus., 
diagrs., tables. $2.75. 
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197 

A Simple Method of Matric Structural 
Analysis—Part Ill. Flexible Frame and 
Stiffened Cylindrical Shell Analysis— 
Bertram Klein. 

On_ Vibrations of Conical Shells—G. 
Herrmann and |. Mirs 

An Optimum Design for a@ Semi-Infinite 
‘ocket Wall Containing a Circumfer- 

ential Keyway—B. W. Shaffer, |. Cochin, 
and M. Mantus. 

Supersonic Airfoil Performance with Smal! 
Heat Addition—Artur Mager. 

Vibrations of Thin Cylindrical Shells 
nalyzed by + ng Donnell-Type 

Equations—Yi-Yuan Y 
Autorotation of oh H. 

larkson. 

Statics and Dynamics of Non-Uniform 
urved Beams and Prismatic Shells—F 

F. Ehrich and J. P. de Vries. 

Transport Airplane Crash Loads—G. M. 
Preston and G. J. Pesman. 

The Minimum hei t of a Structure Pro- 
tected Against Short Duration Aero- 
dynamic Heating by Means of Thermal 
Insulation—Richard A. Dobbins. 

The Hecker Method of Transient Temper- 
ature Calculation—A. W. Trimpi. 

Approximate Three-Dimensional Solutions 
for Transient Temperature Distribution in 
Shells of Revolution—M. A. Brul! and 

inson. 

Theoretical Considerations of Flutter et 
Mach Numbers—H. G. Morgan, 

H. L. Runyan, and Vera Huckel. 
Thermal Stresses and Deflections in Rec- 

tangular Sandwich Pletes—P. O. 
Bijlaard. 

Some Effects of Curvature on Frames—R. 
W. Westrup and P. Silver. 

Creep and yA Strengths of Large Bolted 
loints of rged Aluminum Alloys 

under emperature Conditions 
—L. Mordfin, G. E. Greene, N. Halsey, 
R.H. Harwell, Jr., and R. L. Bloss. 

Fatigue—s Strength Me- 
terial the Answer?—C. R. Smith. 
‘0 Fatigue of the C-130A Hercu- 

Analytical Method of 
Aerodynamic Derivatives— 

‘an Dorn. 
A pte of Theoretical and Experi- 

mental Loads on The B-47 Capetins 
from Discrete Vertical Gusts E. 
Jackson and J. E. Wherry. 

Some Structural Response Characteristics 
of a Large Flexible Swept-Wing Aijr- 
plane in Rough Air—T. L. Coleman, 

urrow, and H. Press. 
A Rational Determination of Loads and 

Exit Velocities of ete Ejected 
Stores—H. Wolf and S. Pines. 

Some Applications of Theoretical Aero- 
dynamics to the Design of High Per- 
formance Aircraft—G. C. Grogan, Jr. 

Aeroballistics Range Measurements of the 
Performance and Stability Sd Supersonic 

ircraft—H. R. Warren, tena, 
and B. Cheers. 

The Minimum Wave-Drag Problem for the 
Addition of a Body to a Given Airplane 
onfiguration—J. F. Vandrey. 

Air Traffic Demand of the Decade: 1953- 
1963—A. D. Harv 

The Transonic Flow Field of an Axial Com- 
pressor Blade Row—J. E. McCune. 

A Linear Perturbation Method for Ste- 
bility and Flutter Calculations on Hyper- 
sonic Bodies—Maurice Holt. 

The Satellite Tracking Camere—Joseph 
Nunn. 

Supersonic and Human Flight 
pt. J. E. Ward, . J. Gerathe- 

wohl, and Lt. Col. G. R “Steinkamp. 

IAS Preprints 

Preprints of 26th Annual Meeting Papers Currently Available 

RA 

Price Price 

$0.35 $0.75 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.65 1.00 

0.35 0.75 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.50 0.85 

0.65 1.00 

0.35 0.75 

0.35 0.75 

0.35 0.75 

0.65 1.00 

0.50 0.85 

0.35 0.75 

0.35 0.75 

0.50 0.85 

0.50 0.85 

0.35 0.75 

0.50 0.85 

0.35 0.75 

0.35 0.75 

0.35 0.75 

198 
801 

804 

805 

806 

807 

808 

810 

811 

812 

$13 

814 

815 

816 

818 

819 

820 

823 

824 

825 

826 

828 

829 

830 
831 

833 

834 

Cybernetics in Human Flight—G. T. Heuty. 
The Supersonic Blunt-Body Problem— 

and Extension—M. D. Van 
e 

Chemical Relaxation in Air, Oxygen and 
Nitrogen—M. Camac, J. Camm, S. Feld- 
man, J. Keck, and C. Petty. 

The Development of the Talos Land-Besed 
System—D. B. Holmes. 

Pitch-Lag Instability of Helicopter Rotors— 
Pei Chi Chou. 

Direct Analog Method of Analysis of the 
Vertical Flight Dynamic Characteristics 
of the Lifting Rotor with Floating Hub— 

acNeal. 
Pitch-Lag Instability as Encountered During 

ests of a Model Rotor—John 3 
McKee. 

Research in the Field of Wingless VTOL 
Aircraft—A. M. Lippisch. 

Solutions for Helicopter Rotor ete Icing 
—D. A. H. A. Wahl, and 
J. M. Clifford 

An Analytical Procedure for the Prelim- 
inary Structural and Dynamic Design, and 
Weight Estimation of Helicopter Rotor 
Blades—Abner Rasumoff. 

On the Hydrodynamic Stability of Curved 
Laminar Compressible Flows—M. Les- 
sen. 

Range Penning (A_ Symposium)— 
8. O'Ne 1, G. C. Covington, R. L 

Ww. Purdy. 
NACA Research in the Field of VTOL 

and STOL Aircraft—C. H. Zimmerman. 
The Army-Navy Instrumentation Program— 

Commander George W. Hoover. 
On Reducing Aerodynamic Heat Transfer 

Rates by Magnetohydrodynamic Tech- 
niques—R. C. Meyer. 

The Dynamics and Certain Aspects of Con- 
trol of a ly Re-entering the Atmos- 
phere at ie Speed—Joseph D. Welch 
and S. L. Shi 

Interrelations Space Medicine with 
Other Fields of Science—Hubertus 
Strughold. 

Analysis of the Vertical Flight Dynamic 
Characteristics of the Lifting Rotor with 
Floating Hub and Off-Set Coning 
Hinges—K. H. Hohenemser and C. H. 
Perisho. 

Development, Flight Test, and Evaluation of 
a Mechanical Stabilizer for Single Rotor 
Helicopters—G. E. 
Gebhard, and L. Goland. 

Effects of a Time-Varying Test Environment 
on the Evaluation of Dynamic Stability 
with Application to Flutter Testing— 
W. H. Reed Ill. 

The Plastic Balloon as a Geophysical Plat- 
form—R. H. Braun. 

Project Far Side Launching—John L. 
ramer. 

Industry and Education (Combining 3 of 
the 4 papers presented at_session)— 

Charles S. Draper, Richard G. Bowman, 
and Glenn Murphy. 

Supersonic Civil Air Transports With Con- 
sideration of Potential hag Capea- 
bilities—James A. O'Malley, Jr. 

Booster Propulsion For Space Vehicles— 
entin 

The Regulatory Problems of Jet Aircraft— 
scar Bakke. 

Cosmology—Winston H. Bostick. 
The Arctic Distant Warning System—W. E. 

urke. 
The 3 Manned Stratosphere Balloon As- 

cents of 1957—Otto C. Winzen. 
The Role of Manned Balloons in The Ex- 

ploration of Space—Malcolm D. Ross 
and M. Lee Lewis. 
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A reprint of the 1941 edition, with corrections 
by the author. 

GEOPHYSICS 

Advances in Geophysics, Vol. 4. 
E. Landsberg and J. Van Mieghem. 
Academic Press, Inc., 
diagrs., tables. $12. 

nts’ Atmospheric Chemistry, Christian 
Junge. Theories of the Aurora, Joseph W. 

Ea The Effects of Meteorites Upon 
the Earth (Including Its Inhabitants, Atmosphere, 
and Satellites), Lincoln LaPaz. Smoothing and 
Filtering of Time Series and Space Fields, J. Leith 
Holloway, Jr. Earth Tides, Paul J. Melchior. 

Dr. Landsberg is with the U.S. Weather Bu- 
reau, Washington, D.C.; Dr. Van Mieghem is with 
the Royal Belgian Meteorological Institute, Uccle, 
Belgium. 

Edited by H. 
New York, 

1958. 456 pp., illus., 

GLIDING 

Soaring in Poland. W. 
Polonia Publishing House, 
tables. 

Written by the Chairman of the Council for 
Soaring of the Polish Aero Club, this small volume 
is divided into two parts, the first of which de 
scribes the birth of gliding and soaring in Poland. 
methods of training and schools, glider designs, 
and Polish glider records achieved in national and 
international soaring contests up to the beginning 
of World War II. Part 2 recounts the postwar 
development of soaring in Poland and the plans 
of the Club for increased participation in inter 
national contests. 

men. Warsaw, 
105 pp., illus., 

MATERIALS 

Rheology, Theory and Applications, Vol. 2. 
Edited by Frederick R. Eirich. New York, Aca 
demic Press, Inc., 1958. 591 pp., illus., diagrs., 
tables. $18. 

In this volume, the second of three devoted to 
summarizing experimental and theoretical knowl 
edge in the science of deformation and flow, the 
scope of rheological fields dealt with becomes more 
specific than the introductory and descriptive 
material offered in Volume I. The material is 
presented in the form of independent chapters, 
written by leading authorities, with the object of 
providing the reader with specific information of a 
self-contained nature without making it necessary 
for him to refer continually to a number of other 
chapters or volumes. 

Contents: (1) Viscoelasticity Phenomena in 
Amorphous High Polymeric Systems, Herbert 
Leaderman. (2) Stress Relaxation Studies of the 
Viscoelastic Properties of Polymers. Arthur V. 
Tobolsky. (3) The Relaxation Theory of Trans- 
port Phenomena, Taikyue Ree and Henry Eyring. 
(4) The Rheology of Organic Glasses, Rolf Buch- 
dahl. (5) The Rheology of Raw Elastomers, M. 
Mooney. (6) The Rheology of Cellulose Deriva- 
tives, E. B. Atkinson. (7) The Rheology of Fib- 
ers, R. Meredith. (8) The Rheology of Gelatin, 
A.G. Ward and P. R. Saunders. (9) ee 
Properties of Asphalts, R. N. J. Saal and J. 
A. Labout. (10) Rheological Problems of 7 
Earth’s Interior, B. Gutenberg. (11) Experi- 
mental Techniques for Rheological Measurements 
on Viscoelastic Bodies, John D. Ferry. (12) 
Fundamental Techniques: Fluids, B. A. Toms 
(13) Goniometry of Flow and Rupture, A. Jobling 
and J. E. Roberts. Author Index. Subject In- 
dex. 

1957 Supplement to Book of ASTM Standards, 
Including Tentatives. Part 1, Ferrous Metals. 
Part 3, Cement, Concrete, Ceramics, Thermal 
Insulation, Road Materials, Waterproofing, Soils. 
Part 4, Paint, Naval Stores, Cellulose, Wax 
Polishes, Wood, Acoustical Materials, Sandwich 
and Building Constructions, Fire Tests. Part 5, 
Fuels, Petroleum, Aromatic Hydrocarbons, 
Engine Antifreezes. Part 7, Textiles, Soap, 
Water, Paper, Adhesives, Shipping Containers, 
Atmospheric Analysis, Leather. Philadelphia, 
American Society for Testing Materials, 1957. 
Part 1,512 pp.; Part 3,418 pp.; Part 4, 216 pp.; 
Part 5, 345 pp.; Part 7, 304 pp.; illus., diagrs., 
tables. 

MECHANICS 

Analytical Mechanics for Engineers. Fred B. 
Seely, Newton E. Ensign, and Paul G. Jones. 
j New York, John Wiley & | ee Inc., 
1958. 475 pp., diagrs., tables. $7.2 
The new material of the 5th edition includes a 

chapter on an introduction to vector analysis, a 
chapter on the equilibrium of bodies which makes 
use of the concepts of virtual work, new problems 
involving engineering or physical conditions, an 
explanation of the use of a general coplanar force 
system in introducing equilibrium of force sys- 
tems, a separate chapter for a description of the 
use of the inertia-force method in kinetics, and 
discussion of the product of inertia of areas. 
The book is divided into four parts—statics, kine- 
matics, kinetics, and special topics—with em- 
phasis placed on the use of the general steps or 
procedure in analyzing problems in equilibrium 
and in dynamics, The topics covered reflect the 
modern trends in various fields of engineering 
practice and education. 
The authors are associated with the University 

of Illinois as Professors of Theoretical and Applied 
Mechanics. 

NATURAL FLIGHT 

Insect Flight. J. W. S. Pringle. (Cambridge 
Monographs in Experimental Biology, No. 9.) 
Cambridge, England; New York, Cambridge 
University Press, 1957. 133 pp., illus., diagrs., 
tables. $3.00 

In this monograph Dr. Pringle brings — 
the results of the latest investigations of the me- 
chanics of wing motion, the structure and physiol- 
ogy of flight muscle, aerodynamics, sense organs, 
and nervous coordination and shows how a com- 
mon structural plan has been perfected during the 
course of evolution to produce the variety of 
form and function found in the different insect 
orders. More than 200 pertinent references fol- 
low the text and are accompanied by an Index of 
Insects whose precision in aerial maneuvers has 
interested zoologists and biological engineers from 
the earliest times. 

POWER PLANTS 

Turbojet Fundamentals. Howard E. Morgan. 
2nd Ed. New York, McGraw-Hill Book Company, 
Inc., 1958. 104 pp., diagrs. $3.00. 

Originally prepared by Douglas Aircraft, Inc.., 
for training use by their own personnel, this brief 
introduction to basic theory and operating princi 
ples of the turbojet engine is aimed primarily at 
the aircraft technician. Only a background in 
high-school mathematics is required. 

ROTATING WING AIRCRAFT 

Proceedings of the Fourteenth Annual National 
Forum, April 16-19, 1958, Washington. New 
York, American Helicopter Society, 1958. 125 
pp., illus., diagrs. $6.50. 

Contents: Stability and Control of Unducted 
Stand-On Helicopters, M. William Townsend, 
Jr., and Edward Seckel. Test Experience on the 
Vertol 76 Tilt Wing VTOL Research Aircraft, 
Paul J. Dancik, Frederick R. Mazzitelli, and 
Walter D. Peck. Ryan Vertiplane Develop 
ment, Fred Landgraf. Flight Testing of the 
XV-3 Convertiplane, John R. Mertens and 
Charles E. Davis. Recent Advances in the Fly 
ing Qualities of Tandem Helicopters, Bruce Blake, 
James M. Clifford, Raymond Kaczynski, and 
Philip F. Sheridan. Induced Flow Near a Rotor 
and Its Application to Helicopter Problems, 
Harry H. Heyson. A Study of Turbine-Powered 
Helicopter Drive System Instability, John C. 
Keeling and David L. Kidd. A Mechanical 
Speed Control for Helicopter Power Plants, Nor- 
man C. Olson. Tip Mounted Turbojet Helicop- 
ters, Robert A. Wagner. Pressure Jet Helicop 
ters, Friedrich L. von Doblhoff. Hot Cycle Jet 
Helicopters, Harold Hirsch. The Missions and 
Future of Army Aviation, Ernest F. Easterbrook 

SPACE MEDICINE 

Epitome of Space Medicine. Randolph AFB 
Texas, USAF School of Aviation Medicine, Air 
University, 1957. 408 pp., illus., diagrs. 

In recognition of the fact that aeromedical 
science must concern itself with an anticipation of 
medical problems related to possible interplane 
tary travel, the Air University has reprinted in 
this volume ten research reports from the School 
of Aviation Medicine and 31 articles that appeared 
in various scientific journals during the period 
1949-1957. The majority of articles contained 
herein were taken from the Journal of Aviation 
Medicine; other journals represented include 
the Aeronautical Engineering Review (now Aero/ 
Space Engineering); Journal of Astronautics; Jet 
Propulsion; Astronautica Acta; American Rocket 
Soctety, Journal; Scientific American; American 
Meteorological Society, Bulletin; and the Instruc- 
tors Journal, a publication of the Air Training 
Command. The articles and reports contain 
more than 600 references to the literature. 

SPACE TRAVEL 

Spacepower; What It Meansto You. Donald 
Cox and Michael Stoiko. Philadelphia, The 
John C. Winston Company, 1958. 262 pp., illus., 
diagrs. $4.50. 

This is not a technical treatise on rocketry but 
an analysis of the social, military, and legal aspects 
of man’s extension into the universe in which, by 
extrapolation from the past and present, the 
authors attempt to prognosticate where ‘‘rocketry 
tomorrow’’ will lead us. Space law and space 
sociology are discussed at length, and the social 
impact of long-range missiles and earth satellites 
is considered. In addition, the authors offer a 
concrete proposal for the control of space through 
a United Nations force and a ‘‘Man in Space’’ 
timetable beginning with a research aircraft pro- 
gram in 1958 and ending with the year 2000 when 
distant planetary probes presumably might begin. 

THERMODYNAMICS 

Thermodynamics of Engineering Science. S 
.. Soo. Englewood Cliffs, N.J., Prentice-Hall, 
Inc., 1958. 620 pp., diagrs., tables. $9.50. 

The aim of this volume is to enable under- 
graduate students to develop a fundamental un- 
derstanding of thermodynamics and its applica- 
tion in order to solve problems and develop 
formulas not listed in any handbook. The book 
was organized from lecture notes used at Prince- 

(Continued on page 115) 
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RESEARCH ENGINEERS 

1. are experienced and interested in 
the field of Experimental Stress 
Analysis, 

2. would like to work with a group 
that has a national reputation in this 
field, 

3. desire to apply experimental an- 
alysis techniques to a wide variety 
of both industrial and government 
problems, 

4. enjoy working in communication and 
close professional contact with men 
from other significant scientific and 
engineering fields, 

5. have an M. S. Degree or equivalent 
in specific experience, 

6. would like to join the staff of one of 
the largest independent research 
organizations in the world, 

please contact 

E. P. Bloch 

ARMOUR RESEARCH FOUNDATION a 
of Illinois Institute of Technology j a 

10 West 35th Street 

Chicago 16, Illinois 

Now Available— 
Limited Supply 

The 1956 Edition of the 

AERONAUTICAL 
ENGINEERING 

INDEX 

More than 5,100 abstracts of 

reports, periodical articles, 

meeting papers, books, and 
technical publications 

Worldwide Coverage 

® Convenient Subject and Author 
Indexes 

AN INDISPENSABLE REFERENCE TOOL 
for the aero/space scientist and engineer 
in speedily locating literature on specific 
subjects relating to the design, develop- 
ment, and operation of aircraft, missiles, 
rockets, satellites, and spacecraft. 

Member Price: $10. 

Nonmember Price: $15.* 

(*Add $1.00 for orders outside the 
U.S.A.) 

Copies may be obtained by writing to: 

Special Publications Dept. 
IAS, 2 E. 64th St., N.Y. 21, N.Y. 
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300 TO 1,000 MILES 

50 TO 300 MILES 

10 TO 16 MILES 

EARTH TO 10 MILES 

TROPOSPHERE STRATOSPHERE 

EXOSPHERE —4 

THERMOSPHERE } 

— 

16 TO 50 MILES 
MESOSPHERE 

RESEARCH & DEVELOPMENT ENGINEERS AND SCIENTISTS 

al every altitude where vchides now fly 
or men dream Of flying them... 

REPUBLIC AVIATION OFFERS 
OPPORTUNITY ON VITAL PROJECTS 

Broad-Based Activities in Missiles, 

Aircraft, Space Technology Now Drawing Alert 
Engineers to Republic Aviation 

This 25-year leader in aviation is expanding... and in many direc- 

tions. There’s hardly a field of flight which you can mention where 

Republic is not actively engaged today. 

This wide-ranging diversity gives Republic engineers and scien- 

tists an unparalleled opportunity to broaden their professional 

knowledge ...and the stimulus to top creativity provided by fre- 

quent contact with many minds, with diverse experience. 

There are no rigid organizational barriers at Republic between 

engineer and engineer. In this alert, air-minded community the 

electronics man, the aerodynamicist, the optics expert, the systems 

analyst — or any specialist from a dozen other fields — sit down and 

consult together, whenever they feel inclined. 

Are you looking for a position where you can broaden 

your scientific horizon? Then study these diverse assignments at 

the Aircraft and Missile Development Division 

Openings for senior 
R&D people.7 to 10 years 
experience. 

IN FLUID DYNAMICS OF 
ORBITAL SPEEDS IN RARE- 
FIED ATMOSPHERE...AE who 
can conduct basic research 
and translate results into 
practical applications to hy- 
pervelocities of upper atmos- 
phere flight. Strong back- 
ground in aeronautical R&D 
with theoretical base essen- 
tial. Advanced degree pre- 
ferred. 

IN PRELIMINARY DESIGN FOR 
MISSILE & SPACE PROJECTS 
...AE with background in 2 
or more of these areas: pro- 
pulsion, aerodynamics, sta- 
bility & control, trajectory 
calculation, wind tunnel test- 
ing. MUST- BE ABLE TO PER- 
FORM PARAMETRIC STUDIES. 
Advanced degree preferred. 

IN WEAPON SYSTEM ANALY- 
SIS (Missile & Aircraft), in- 
cluding air defense, mission 
& target, guidance & flight 
control, vulnerability & ECM 
studies. 

IN OPTICAL & INFRARED 
TECHNIQUES as applied to 
Reconnaissance Systems de- 
velopment. MS, Physics. 

IN INERTIAL NAVIGATION 
SYSTEMS, DESIGN & ANALYSIS 
MS preferred, EE or Physics. 

IN OPERATIONAL ANALYSIS, 
RECONNAISSANCE & DETEC- 
TION SYSTEMS. Experience 
needed in aircraft or missile 
technology in electronics, or 
vehicle performance, or ar- 
mament, or structures, or 
applied math. MS in engi- 
neering, physics or math. 

BB Also openings in Oper- 
ational Analysis for Phys- 
icists, Mathematicians or 
AE’s with 4-5 years OA 
experience related to struc- 
tural damage criteria or 
in probability & game 
theory. MS preferred. 

IN AIR LOAD DESIGN RE- 
QUIREMENTS, AIRCRAFT, 
MISSILES ... AE to visualize 
and select critical design 
conditions essential in esti- 
mating air pressure distribu- 
tion on various components. 

BB Openings for R&D en- 
gineers & scientists with 
5 to 7 years experience. 

IN MISSILE ELECTRONICS 
for radar & antenna D&D, dis- 
play techniques, instrumen- 
tation, inertial navigation, 

flight control, computer de- 
vices. 

IN DYNAMICS SYSTEMS 
ANALYSIS, Missile & Aircraft 
Guidance. Physicist, Mathe- 
matician, EE or AE. 

IN AIRFRAME STABILITY & 
CONTROL, Missiles & Aircraft. 

IN PROPULSION SYSTEMS 
EVALUATION — new systems 
for missiles & aircraft. Strong 
theoretical background re- 
quired. MS degree preferred. 

IN AERODYNAMICS DESIGN, 
ADVANCED HYPERSONIC MIS- 
SILES & SPACE CRAFT CON- 
FIGURATIONS. Develop tra- 
jectory optimization. 

IN AEROELASTICITY. Major 
evaluation responsibilities, 
including preliminary flutter 
& vibration studies. 

IN AIR-INLET & EXHAUST 
AERODYNAMICS at supersonic 
speeds. Coordinate inlet de- 
sign with airframe & engine 
configuration. MS degree 
preferred. 

IN AIR CONDITIONING & AUX- 
ILIARY EQUIPMENT INVESTI- 
GATIONS for Aircraft & Space 
vehicles. MS degree pre- 
ferred. 

IN AERODYNAMIC HEATING, 
BOUNDARY LAYER AND / OR 
RE-ENTRY PROBLEMS of Air- 
craft, Missiles & Spacecraft. 

IN APPLIED MECHANICS, AIR- 
CRAFT & MISSILE PROBLEMS: 
Stress analysis, structures, 
propulsion, specifications. 

study, proposal & p y design projects for upper at ph flight ( ft, satel- 

lites, complete weapon systems). Produces nose cones for Atlas & Thor; Terrapin Research Rocket. Creator of F-105B, 

F-105D, F-105E supersonic fighter bombers; guidance system for Bullpup air-to-surface missile; SD-3 Army 

surveillance drone. Now developing VTOL & STOL aircraft. Exclusive licensee for Sud Aviation’s “Alouette II.” 

AVIATION 
FARMINGDALE, LONG ISLAND, NEW YORK 

Please send your resume in 

complete confidence to: 

Mr. George R. Hickman, 

Engineering Employment Mgr. 
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This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 

Wanted 

Engineers Flight Control Systems Designers 
~—-Capable of making systems analyses and cus- 
tomer contacts. Also requires the writing of pre- 
liminary and detail design specifications. It is 
anticipated that these men would monitor sub- 
contract work and have the ability to direct the 
effort of this type of organization. Ground 
Equipment Design Engineers—Capable of inte- 
grating radar tracking systems, tape storage, tape 
playback, command and guidance console re- 
quirements into one master system. Data Link 
Systems Design Engineers—Experienced in 
transmission of high resolution, radar, infrared, 
TV or Photomapsvia LF, HF or microwave fre- 
quencies plus knowledge of transducer needed for 
instrumentation. Antenna Systems Design En- 
gineers—Cognizant of antenna systems from 50 
me. to K band with design experience of spiral and 
slot-type systems. Must write design specifica- 
tions and contact subcontractors. Electronics 
Countermeasure Engineers—Familiar with the 
repeater and jammer field systems. Analysis 
and customer contact experience are required. 
Radar Systems Engineers—-With broad knowl- 
edge of radar systems, radar mapping, or surveil- 
lance-type radar equipment. Involves deter- 
mination of preliminary and detail design speci- 
fications, system analysis, and customer contact. 
Infrared Systems Engineers—Familiar with de- 
tectors, lenses, and cooling equipment. Requires 
system design experience plus the ability to pre- 
pare detail and preliminary design specifications 
and to contact customers. Contact Employment 
Manager, Fairchild Aircratt Division, Hagers- 
town, Md. 
Instructor-—Aeronautical Engineering —The 

University of Southern California has an opening 
for an instructor in its aviation safety program. 
Students are U.S. Air Force, Navy, and Army 
pilots. Instructor should have B.S.A.E. and 
preferably flying experience and a background in 
the design or testing of jet power plants. Thisisa 
full-time position at base salary of $8,500 for an 
11-month year, with usual academic holidays. It 
involves approximately 12 hours of classroom in- 
struction per week. Time may be made available 
for study or consultation service in industry. 
Position to be filled by October 15, 1958. Ap- 
pointment will be made in September, 1958. 
Send inquiries to Aviation Safety Division, 
U.S.C., Los Angeles 7, Calif. 
Engineers—The Naval Air Test Facility (Ship 

Installations), U.S. Naval Air Station, Lakehurst, 
N.J., lists the following openings. Senior Per- 
formance Analyst—($8,645 per annum). The 
incumbent will be responsible for the supervision 
of engineers performing analytical tasks related to 
evaluation of launching and recovery equipment 
and related aircraft capabilities. enior Elec- 
tronic Scientist—($8,645 annum). The incum- 
bent will be responsible for the supervision of en- 
gineers who plan and coordinate the utilization of 
instrumentation for all evaluation projects con- 
ducted by this activity. He will also establish 
the technical requirements for new instrumenta- 
tion systems. Mechanical Engineers, Electrical 
Engineers, and Physicists—($4,480 to $7,465 per 
annum). {mmediate openings for recent gradu- 
ates and experienced engineers for work related to 
the development and evaluation of carrier launch- 
ing and arresting equipment. Work includes such 
facets as stress analysis, performance analysis, 
magnetic recording, computer programing, tele- 
metering, graphic record analysis, and aircraft 
instrumentation. Send inquiries to Alfred Leone, 
Chief Engineer, Naval Air Test Facility (Ship 
Installations), Naval Air Station, Lakehurst, N.J. 

Engineers—Diversified engineering positions 
are available involving engine research, design, 
design and performance analysis, test engineering, 
compressor and turbine design, controls systems, 
and other engineering operations associated with 
the general field of design and development of 
gas-turbine power plants. Send résumé to Felix 
Gardner, Fairchild Engine Division, Fairchild 
Engine and Airplane Corporation, Deer Park, 
Long Island, N.Y. 

Professors—The Air Force Institute of Tech- 
nology, Wright-Patterson AFB, Ohio, has vacan- 
cies in the Department of Mathematics. Most of 
the work is at advanced undergraduate and grad- 
uate levels. Employment will be effected in 
accordance with Civil Service regulations. Grade 
levels available are GS-9 ($5,440-$6,250), In- 
Structor; GS-11 ($6,390-$7,465), Assistant Pro- 

The number preceding the notice 

represents the Box Number of the 

Institute of the Aeronautical Sciences 

to which inquiries should be addressed. 

fessor; GS-12 ($7,570-$8,645), Associate Pro- 
fessor. Applications should be made on Stand- 
ard Form 5/7, available at any post office, or by 
letter to Dr. Albert B. Carson, Head of Depart- 
ment of Mathematics, IT DSE, Air Force Institute 
of Technology, Wright-Patterson AFB, Ohio. 

Assistant, Associate, or Full Professor—in the 
Mechanics Department at the Air Force Institute 
of Technology, Wright-Patterson AFB, Ohio. 
Applicants should possess an M.S. with industrial 
or teaching experience or a Ph.D. Teaching assign- 
ment may vary from undergraduate mechanics 
courses through advanced graduate courses in 
aircraft and missile structures, aeroelasticity, 
missile ballistics, and advanced dynamics. Em- 
ployment will be effected under Civil Service 
regulation at the grades of GS-11, 12, or 13. 

Flight Test Engineers, Aeronautical Design 
Evaluation Engineers—The Civil Aeronautics 
Administration needs experienced aeronautical 
engineers in the performance analysis, flight-test, 
and aerodynamics specialties. Flight-test en- 
gineers will be responsible for planning and/or 
evaluating flight-test programs, test data re- 
duction methods, and flight manual performance 
and contents on commercial aircraft. Aero- 
nautical design evaluation engineers will be re- 
sponsible for structural evaluation of commercial 
aircraft and aircraft component designs in deter- 
mining compliance with civil air regulations. 
Salaries range from $6,250 to $10,065 annually. 
Those interested should submit résumé or contact 
Robert Barnfather, CAA, Federal Building, New 
York International Airport, Jamaica, 
(telephone; OLympia 9.7000, Ext. 240). 

Available 

869. Engineer—M.S. in Ae.E. Eight years’ 
engineering experience in the aircraft industry. 
Lecturer in heat transfer at a major southern 
California university. Engineering experience 
primarily concerned with analvtical design and 
development of pneumatic systems, cabin and 
equipment conditioning systems, defog systems, 
turbine-driven auxiliary power systems, etc. 
Wide experience in heat-transfer analysis, com- 
pressible fluid flow analysis, and research and 
development testing. Present position involves 
supervision of group responsible for analytical 
design and development of conditioning and defog 
systems on a high-performance aircraft. Desires 
a position of more scope and responsibility, either 
technical or technical management. Will con- 
sider relocation. Complete résumé on request. 

868. Engineer—Presently employed in the 
field of airframe sales; desires an interesting 
change in export sales. Some 16 years in the 
aviation business including experience as a pilot, 
sales and service engineer, and flight-test engi- 
neer. Traveled extensively in Europe and the 
Far East and has a speaking knowledge of Ger- 
man and Spanish. Many contacts in the com- 
mercial airline field, as well as military acquaint- 
ances. Has worked with NATO, USAF, and 
BuAer as an engineering consultant in the avia- 
tion field. Present salary is above $11,000. 
Would like a traveling-type assignment and can 
relocate at a moment’s notice. Detailed résumé 
forwarded upon request. 

867. Aeronautical Engineer—B.S. in Ae.E. 
Age 33. One year of college teaching experience, 
plus 8 years’ diversified aeronautical experience 
in aircraft fiight handbooks, product research and 
development (including VTOL), and aerodynamic 
performance pertaining to a wide variety of 
piloted aircraft. Last 3 years as aerodynamics 
group leader. Presently in flight dynamics with 
a large airframe manufacturer as senior aerody- 
namics engineer performing development work on 
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varied aircraft types. Thoroughly grounded in 
aircraft specifications. Desires broader respon- 
sibilities and a shift to VTOL aerodynamic de- 
velopment and/or missiles aerodynamics with a 
progressive company that can offer a career op- 
portunity. Interesting work and growth poten- 
tial are of paramount importance. Will consider 
only East Coast location. Résumé forwarded 
upon request. 

866. Contract Management—15 years’ ex- 
perience in gi ing and manag with 
large and small aircraft and engine manufacturing 
companies. ne year in project engineering, 
3'/2 years on general manager’s staff, and 3!/2 
years on engineering management staff. Last 7 
years in contact management areas of program 

proposals to military services and program plan- 
ning and management control. Heavy experience 
in dealing with top engineering, production, ac- 
counting, and sales executives. Desires position 
of greater responsibility with small- or medium- 
size manufacturer or research center. Prefers 
eastern Ohio or western New York State location. 
Now employed by major U.S. corporation. Sal- 
ary is $7,500 per year. Age 32. 

865. Aeronautical Engineer—desires position 
in the development of research and engineering 
subject classifications for airplane and guided- 
missile information and in other phases of docv- 
mentation of technical reports; or a position in 
technical editing and translation. Sixteen years’ 
experience with the Navy Department in organiz- 
ing and maintaining a bibliographic research 
office, setting up a system of subject classification, 
abstracting and reference service, and training 
personnel in these procedures. Author of Subject 
Classification of Technical Reports and other books 
for the Navy, and editor of The Technical Data 
Digest for the U.S. Air Force. 

864. Mechanical Engineer—M.S. in M.E. Age 
29. Experience in missile propulsion, turbo- 
machinery research. Teaching experience, grad- 
uate level. Strong background in thermody- 
namics, fluid mechanics. Desires research or ad- 
vanced development in missile propulsion or aero- 
dynamics. Turbomachinery, related fields. 

863. Aeronautical Engineer—Age 38. Seven 
years in aerodynamic department working on 
high-speed aircraft design and wind-tunnel test- 
ing, the last 4 years as chief aerodynamicist; 3 
years of aircraft airfield practice as a qualified 
maintenance engineer; 2 years of teaching ex- 
perience in aerodynamics and physics at univer- 
sity level. Holds undergraduate and graduate 
engineering European university diploma; ad- 
ditionally, for 2 years attended graduate courses 
at United States and British universities in high- 
speed aerodynamics, design, stability and control. 

Presently teaching and doing experimental 
supersonic aerodynamic research at an East 
Coast university. Wants permanent, steady 
employment, either with aircraft industry or at 
university or research institution as a teacher in 
subjects of aerodynamics, stability and control, 
and aerodynamic design courses—or correspond- 
ing advanced research work. Detailed résumé 
upon request. 

BOOKS (Continued from page 113) 

ton University, where the author is Assistant 
Professor of Mechanical Engineering. It includes 
material from several courses on introductory 
thermodynamics, applied thermodynamics, heat 
engineering, and power plants. 

While there is no intention to cover the wide 
field of nuclear engineering, the basic implications 
of thermodynamics are treated in an integral man- 
ner—including principles relating to nuclear en- 
ergy, separation of isotopes, heat source problems, 
a basic reactive system, aspects of nuclear power, 
and examples and problems dealing with nuclear 
engineering. General physics and chemistry, 
and mathematics through calculus, are prereq- 
uisites for an understanding of the text. 

Thermodynamics. Enrico Fermi. New York, 
Hd Publications, Inc., 1956. 160 pp., diagrs. 

This is a reprint of the 1937 edition which was 
based upon a course of lectures delivered at 
Columbia University. The treatment of the 
subject is elementary and requires no knowledge 
of advanced mathematics beyond calculus al- 
though it is assumed that the reader is familiar 
with the fundamental facts of thermometry and 
calorimetry. 
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A word 

about 

our 

Advertisers 
whose The many companies 

advertising appears in this issue 

are interested in you and your 

work. They are anxious to let 

you know what they are doing to 

help you solve research and 

design problems in _ missile, 

rocket, air, and spacecraft 

projects. 

AERO/SPACE ENGINEERING’S 

advertising pages keep you 

posted on new and improved 

materials, components, services, 

and supplies useful to your 

professional work. 

To request more information 

on any product or service ad- 

vertised, may we suggest you 

use the green self-addressed 

reply cards inserted at the end 

of this issue. No postage is 

needed. Our staff will be. glad 

to forward all requests to the 

proper companies for direct 

reply to you. 
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the missile, rocket, and aircraft products 
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1958 AERONAUTICAL ENGINEERING 
CATALOG 

The only publication devoted exclusively to the aero/space 
industry, this CATALOG serves as a valuable buyers’ and 
reference guide to sources and specifications on aircraft 
and missile parts and materials. 
to Chief Engineers, D 

Aircraft Corp., Aviation 

components; Government 
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