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ABSTRACT

This report presents Magnus and drag data on a rotating cylinder
4
mounted perpendicular to various transonic and supersonic flow fields.

Date with both laminar and turbulent boundary leyers are presented.

The Magnus force data from the cylindef are compared with Magnus
force data from various bodies of revolution at high angles of attack.
There is good agreement as long as the body of revolution cross Mach
number is transonic. The Magnus force is very much dependent on the
cross Mach number at the transonic cross flows. At transonic cross
Mach numbers it is possible to predict the Magnus force on a body of
revolution by using the presented gylinder data.
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DEFINITION OF SYMBOLS

cylinder diameter

cylinder span

body profile area or cylinder frontal area = d x b
angle of attack

cylinder spin rate radians/second

free stream air density

free stream velocity

cross velocity - the velocity perpendicular to the mein axis
of & body of revolution

U =Usina
c
free stream Mach number
crossflow Mach number Mc =M 8in ¢
drag force
Magnus force
F
Megnus force coefficient = — =
pU A —
c U
c
T D = drag force coefficient
‘-p;?A
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INTRODUCTION

While carrying out Magnus tests on various bodies of revolution,
we became aware that the Magnus force is increasingly dependent on the
cross Mach number, as the cross Mach number approaches sonic speeds.
This can be seen in Figure 1, where the Magnus force coefficient (based
on cross flow properties) obtained from wind tunnel tests on various
bodies are plotted versus the cross Mach number. Above M. = .6 the
force decreases linearly (within reasonable limits) as the cross Mach
number increases. This decrease is thought to be brought about by the
appearance of sonic cross flow on the body slightly above M, = 6 .
Once sonic flow appears the forbidden signal rule restricts the flow
region influenced by spin. The region of sonic or supersonic flow
grows as the cross Mach number increases and the influence of spin

‘becomes less and less.

Our concepts of the generation of the Magnus force at high angles
of attack are the same as those expressed in reference 1. Circulation,
created by spin, similar to that predicted by the Potential theory for
a rotating cylinder, cannot occur when the cross flow contains sonic
or supersonic flow. Instead, the circulation must be confined to the
subsonic portion of boundary layer and the body wake. Also, due to
the small size of the boundary layer, it is reasonable to assume that
any circulation is confined to the wake and the aft portions of the
boundary layer where separation occurs. These regions are on the lee
side of the body at an angle of attack and therefore are not réadily
exposed to the tangential body flow. This may be the reason for the
strong dependence of the Magnus force on the cross fiow. Since the
Magnus force on & body at high angle of attack is dependent mainly on
the cross flow it 1s then quite ﬁbssible that the Magnus force will
correlate well with the Magnus force developed on & cylinder mounted
perpendicﬁlar to the flow,




In Figure 1 it will be seen that all of the 3 cal. body data above
M, = .6 are low compared to the remaining data. In reference 1 it is
suggested, using a theory similar to Allen's normal force theory, that
the Magnus force on & short body is small due to the short time avail-
able for the Magnus force to develop. If this is correct, then it
should be better to compare the Magnus force on the aft portion of
bodies by subtracting the Magnus force existing on the forward portion
of the body. This has been tried with the existing data; however, the
resulting accuracs is very bad, and very poor correlation results.

From the above we believed that much could be gained by investi-
gating the Magnus force developed on a rotating cylinder subjected
only to a high speed cross flow. The data could be compared to that
obtained on bodies of revolution, Figure 1, and also the data should
be valuable as data on & basic aerodynamic shape. Also, shadowgraph
pictures of the flow region around the cylinder might prove or dis-

prove some of the above statements.
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EXPERIMENTAL PROCEDURE

A, Model and Instrumentstion

The cylindrical model used for these tests ig mounted perpen-
dicular to the tunnel air stream, by supporting the cylinder on the
tunnel door mount. The balance for measuring the Magnus and drag
forces, the air motor and its bearing are all mounted on the outside
of the door, thereby keeping the frontal ares of the model to a mini-
mum. Minimum frontal area is necessary to permit operating the tunnel
at low supersonic Mach numbers. End plates are used to simulate two-
dimensional flow. One end plate is mounted 1-1/2 inches from the
tunnel door and is attached to it with the cylinder passing through
the end plate., This end plate prevents the tumnel wall boundery layer
from affecting the cylinder forces. The second end plate is supported
from the tunnel angle of attack system, and serves to create & two-
dimensional effect on the end of the cylinder. Neither end plate
spins, and the serodynemic forces created on each are not transmitted
to the balance system. A photograph of the cylinder mounted in the
test section 1s shown in Figure 2, The wire braces are for steadying
and edjusting the position of the second end plate. The cylinder is
1/2-inch in diemeter, the end plates are 8-1/2 inches apart and have
radii of 2 inches.

A larger diameter cylinder would have been desirable; however,
tunnel blocking* problems &t low Mach number forced the use of the
small cylinder., A larger cylinder would have created larger Magnus
forces and would have permitted larger values of wd/U, . The values
of wd/U, for the bodies of revolution represented inFigure 1 are up
to 1.5 (M,> 1) vhile the maximum @d/U, ratio for the cylinder data is
only .22 . Spin rates up to 250,000 rpm would be necess&ry with the

*A blocked tunnel is one in which the model is too large
for the tunnel and the flow over the model is not the same
as would occur in free flight.
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l/2-inch diameter cylinder in order to match the spin ratios. These
spin rates are impracticable at present and a maximum spin rate of
40,000 rpm was used., However, the obtained cylinder data indicate
that the Magnus force is linear with spin and that it is reasonably
safe to compare the data independent of the spin ratio.,

The air motor and balance systems are shown in Figure 3., The air
motor incorporates many of the features used in the previous Magnus
tests and is described in Reference 1. The principal difference in this
motor 1s that it is not inclosed within the model, but is attached to
one end of the model and is located outside the tunnel. This permits
holding the bearing outer races still and spinning the inner races,
consequently increasing the bearing life. Also, the balance is ex-
ternal to the air motor and is composed of two cantilevered beams,
one measuring the Magnus force and the other the drag force. The
balance actually measures a moment due to the Magnus force and a moment
due to the drag force; however, by assuming both forces act at the
center of the cylinder, the drag and Magnus forces can bé obtained,

B. Approaching Two-Dimensional Cylinder Flow

In order to approach two-dimensional flow over the cylinder, end
plates have been placed at both ends of the cylinder. k-inch diameter
end plates were found to be sufficient to contain the bow shock at all
of the Mach numbers used. However, difficulty arose at the lower Mach
numbers due to choking between the door-mounted end plate and the door.
Moving the end plate further from the door alleviated this condition
to some extent; however, choking still occurred at M = 1.5 and M = 1.4
even with the end plate moved 1-1/2 inches from the wall. However,
the Magnus data at M = 1,7 with and without the end plate choking
showed very little change, thereby indicating that choking did not
have much influence on the Magnus force. Figure 4 shows the effect
of choking.




C. Shadowgraph Techniques
Since regular Schlieren and shadowgraph plctures could not be
taken, two shadowgraph systems for viewing the flow over the cylinder

were devised. The first system involves replacing the door-mounted
end plate with an end plate which holds & specially cut (washer shaped)
plece of film. The end plate is loaded with film, the test section
door is closed and the tunnel started. Once flow is established
perallel rays of light, of short duration, are passed through the
cylinder flow field onto the film. Necessarily the other end plate

is removed and the asbove sequences are accomplished in a darkened

tumnel room.

The shock pattern in front of the cylinder is different during
the shadowgraph runs then during the force recording runs, Figure 5.
The photographic end plate is 6-inches in dismeter while the force
measuring end plate is h-inches in diemeter. The photogrephic end
piate could not be made as streamlined, and also the second end plate
must be omitted during the shedowgraph runs. Blocking is'worse with
the photogrephic end plate and exists at higher Mach numbers than for
the force recording end plate. The above accounts for the series of

bow shocks seen in the shadowgréaphs.

The sbove technique has certain disadvanteges in that the'boundary
lsyer surrounding the cylinder cannot be seen. The cylinder is 1/2-inch
diemeter end the inside hole in the film is 5/8-inch to allow for the
cylinder deflection. Also the film is protected from the alrstream by
lucite also having a 5/8-inch diemeter hole. Both of the 5/8-inch holes
make it impossible to view the boundary layer around the cylinder.

The washer shaped plece of film is cut from an 8 x 10 plece of
film using & "cookie cutter" type stamp. It was necessary to do the
cutting in the dark end at times it required more than one hemmer blow
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to cut the film, On a few of the films the cutter moved between blows
leaving rings or marks on the film, In at least one case the film‘,
split from the center hole to the outside. Also, the dark, nearly
circular spot on each picture is a filled spot in the window.

In most of the photographs an overexposed area extending from
the center hole in the film to the outer edge of thé film can be seer,
This light is-apparently reflected from the cylinder onto the film;
however, its source is not known. It also occurs on film which is |~
exposed with no flow over the cylinder so that no aerodynamic phe-

nomena is involved.

The second shadowgraph system was devised in order to determine
the two-dimensional characteristics of the bow shock, particularly
in the vicinity of the end plates. A photographic flashbulb is
inclosed in & streamlined metal housing having a No. 80 hole drilled
in one side to permit light to escape when the bulb is flashed. The
housing is fastened to the tunnel floor so that the No. 80 hole is
directly under one of the end plates (see Figure 4). With the tunnel
started, and the room darkened, the bulb is flashed, permitting the
escaped light to pass through the flow field and expose & sheet of
film fastened to the tunnel ceiling.

Figure 4 shows three of this type of shadowgrephs. In most of
these pictures the nonuniformity of the light source creates negatives
of poor quality which are impossible to use for multiple reproduction.
Therefore the flow configurations which are important for this report
are either described in the text or sketched as shown in Figure 5.

D. Test Procedure

From the blocking area curve established for the Aberdeen tunnels
(ref. 2) it had been expected that the 1/2-inch diamter cylinder
could be tested at Mach numbers as low as 1.2 . However, at the start
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of testing 1t was found that M = 1.4 was the lowest supersonic Mach
number possible without blocking the tunnel. Since this is at the
extreme end of the data in figure 1 it was decided to obtain dats at
subsonic Mach numbers (M = .6 and M = .8) as well, It was hoped that
'interpolamion in the transonic region would then be possible.

At each Mach number the Megnus end drag date were obtained at
.four pressure levels or & Reynolds mumber range from 60,000 to 250,000.
The data were automatically recorded on Moseley x-y plotters versus
the spin rate (Figure 6) during the coating period of the model-motor
combination. Recording of date during the air on (accelerating) period
was not possible dve to the air turbine forces exerted on the system
and the'rossible air leakage through the door-mounted end plate. To
prevent lesksge of air from or to the room through the end plate dwuring
the data recording a flat disk was placed over the end of the motor
during the data gathering period. Data were first obtained on the
smooth cylinder at all of the Mach numbers and then data were obtained

‘on the roughened cylinder by gluing  No. 40 emery dust to the surface. .

The Magnus data obtained on the Moseleys is very erratic (Figure 6).

This is due to small extraneou. forces exerted on the highly sensitive
strain beem by the turbulence in the tunnel flow. The turbulence level
in the tunnel supply header is below 1/2% and is not usually noticeable
during & test., In this case, due to the small Magnus force involved,
the turbulence reduces the accuracy of the Magnus data considerably.
Examination of the data indicates that the datae are accurate to within
+50% for the supersonic data and within +10% for the subsonic data.

The subsonic data are more accurate due to the increased magnitude.
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.""layer is, laminar. Further evidence of a laminar boundary layer is

" the tests the drag dld not vary with spin,

— T

|
|
RESULTS AND DISCUSSION '

The Magnus force generated on the smooth surfaced cylinder is
linear with spin within the accuracy of the data and is not influenced
by Reynolds number in the range covered (the two data points in Figure 7
at each Mach number represent the data spread over the Re range). The
_ force'decreaees rapidly as the Mach number increases (Figure 7), and
'-~reacnes'a constant minimum value as soon &s or shortly after the cross

“Mach number becomes supersonic. The shadowgraphs (Figures 8a and 8b)
' showlthat épin has no noticeable influence on the weke as long as the
: flow is supersonic,»but has a slight influence on the flow regions
?lsurrounding the cylinder at subsonic speeds. At higher peripheral
speeds, which are not attainable with this model, the shadowgraphs
ﬁ;ﬂshould show & much more noticeable effect at the subsonic speeds. '
'}The wake Just downstream of the cylinder, both with and without spin,
hhas very sharply defined limits suggesting that the cylinder boundary

Ff-seen in the drag data where the drag agrees well with the drag data
.from reference 5 (Figure 9). It should also be noted that throughout -

- In Figure lO the Magnus data from the cylinder are compared with
‘jtne date (Figure 1) obtained from various bodies of revolution at
verions cross flow Mach numbers. It is seen that the data are of the
same order of magnitude from M = .8 to M= 1.4 . This is the reglon
in which we expected agreement if the cross flow theory stated in the
introduction is true. It is also expected that if data at higher
cross flow Mach numbers hed been avallable it would agree with the
_higher Mach number cylinder data.

Results on the rough surfaced cylinder are quite surprising and
are not fully understood. The Magnus data are similar to those for

16




o 'r‘drag (Figure 9)

the smooth surfaced cylinder except that the Magnus force is negative*
at the supersonic velocities (Figure 7). The Magnus data are linear
with spin and do not vary over the Reynolds number range covered. The
negative Magnus force absolute values are approximately the same as |
the smooth surfaced cylinder values and at subsonic speeds both surface
cases have positive Magnus forces of equal value. The shadowgraphs
agaln shov that spin does not influence the flow pattern (Figures 1la . |
- and 11b), éxcept at subsonic speeds. The wake is not as clearly |
defined as with the smooth surfaced cylinder and the wake is wider at
- its narrowest point. Further evidence of a turbulent boundary layer
15’ thét the turbulent drag at subsonic speeds is less than the laminar

Reference h presents Magnus data on a B-inch diameter smooth
surfaced cylinder obtained in the Naval Ordnance Laboratory Tunnel
No. l.; These data cover the Mach number range from:1, 75 to 3. 2& and
6 . to 1,06 x lO6
'compared with" the BRL data in Figures 7 and 9 and excellent agreement
is. obtained for both Magnus force. and drag force. It shows that the

Magnus force coefficient is constant, in the supersonic region, over

8, Reynolds number range from:, 55 x lO These data are

a larger: Reynolds number range than shown separately by . the’ two sets R
of data. The NOL data at M= l 75 have not been shown for it has
recently been determined by the Navy that the flow over the model at
M=1, 75 is questionable.

*A negative Magnus force acts in the opposite direction
from that predicted by the potential theory for the 1ift
(Magnus force) on & rotating cylinder. InFigure 8 the
positive Magnus force direction is down.

17




CONCLUSIONS

1. Correlation does exist between the Megnus force on a body
of revolution in transonic or supersonic cross flows and the Magnus
force on a rotating cylinder whose centerline is perpendicular to -’

the airstream.

2, The body axial flow, M cos @, has little or no influence
.-on the Magnus force. ‘

i 3, The Magnus force on the smooth surfaced cylinder (leminar
boundary layer) is positive at all Mach numbers tested. The Magnus
7force on the rough surfaced cylinder (turbulent boundary layer) is
positive at subsonic velocities, bu negative at supersonic veloci-

.ties.‘i" ‘ E

h The drag is not influenced by spin within the accuracy of
measurement. .

5 It is possible to predict the Magnus force on any body of
'revolution in trensonic cross flows by using the presented rotating

ANDERS S, PLATOU

“cylinder’ data.l
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| THE FLOW OVER THE SMOOTH SURFACED CYLINDER
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FIG.8a
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THE FLOW OVER THE SMOOTH SURFACED CYLINDER

FIG.8b
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THE FLOW OVER THE ROUGH SURFACED CYLINDER

FIG.Illa

31




THE FlI

IS

ED CYLINDER

FIG.IIb




No. of
Copies

1

DISTRIBUTION LIST

Organization

Chief of Ordneance
ATTN: ORDTB - Bal Sec
Department of the Army
Washington 25, D.C.

Commending Officer

Army Research Office (Durham)
Box CM, Duke Station

Durhem, North Carolina

Chief of Research & Development
ATTN: Army Research Office
Department of the Army
Washington 25, D.C.

Chief, Bureau of Naval Weapons
ATTN: DIS-33

Department of the Navy
Washington 25, D.C.

Commander

U.S. Naval Ordnance Test Station
ATTN: Dr. H.R. Kelley

China Lake, Californie

Commander
Naval Ordnance Laboratory
ATTN: Dr. Kurzweg
Dr. E. Krahn
White Osk
Silver Spring 19, Marylend

Naval Supersonic Laboratory

No. of
Copies Orgenization

1

Massachusetts Institute of Technology

ATTN: Mr. Frank H. Durgin
560 Memorial Drive
Cembridge 39, Massachusetts

Commander

Air Proving Ground Center
ATTN: Mr. Foster Burgess
Eglin Air Force Base, Florida

1

Commander

Ballistic Systems Division
Air Force Unit Post Office
Los Angeles 45, California

Commender
Adr Force Special Weapons Center
ATTN: SWK

SWUND, Major D. Schumucker
Kirtlend Air Force Base, New Mexico

Director
National Aeronautics and
Space Administration
ATTN: Mr. H.J. Allen
Dr. A. Eggers
Ames Research Center
Moffett Field, California

Director
Netionsl Aeroneutics and
Space Administration
ATTN: Mr. J. Bird
Mr. C.E. Brown
Dr. A. Buseman
Langley Research Center
Langley Field, Virginis

Director

Naetional Aeronautics and
Space Administration

ATTN: Dr. Evaard

Lewis Research Center

Cleveland Airport

Cleveland, Ohio

Director

~-National Bureau of Stendards
ATTN: Mr. G.B. Schubauer
2%2 Dynamometer Building
Washington 25, D.C.




No. of
Copies
1

DISTRIBUTION LIST

No. of
Organization Copies

Aerophysics Development Corporation 1
P.0. Box 657
Pacific Palisades, California

ARO, Inc. 1
ATTN: Mr. R. Smelt

P.0. Box 162

Tullshoma, Tennessee

AVCO Everett Research Laboratories
ATTN: Mr. Stankevies

2385 Revere Beach Parkway

Everett 49, Massachusetts 1

The Budd Company

ATTN: Ordnance Research Department
2450 Hunting Park Avenue

Philadelphia 15, Pennsylvania 1

Chamberlain Corporation
ATTN: Mr. Irving Herman
Waterloo, Iowa
1

Cornell Aeronautical Laboratory, Inc.
ATTN: Dr. A. Flaz

Dr. Ira G. Ross
Buffalo, New York

The Eglin Corporation
ATIN: Dr. Floyd. L. Cash
2925 Merrill Road
P.0. Box 13214
Dallas .20, Texas

1
General Electric Research Laboratories
ATTN: Library
P.0. Box 1088 1
Schenectady, New York
Grummen Aircraft Engineering Corporation
ATTN: Mr. C. Tilgner, Jr.
Bethpage, Long Island, New York

3k

Organization

Hercules Powder Company, Inc.
Allegany Ballistics Laboratory .
Cumberland, Maryland

I.T.T, Federal Laboratories

Division of International
Telephone and Telegraph
Corporation

ATIN: Technical Library

3700 East Pontiac

Fort Wayne, Indiana

" Jet Propulsion Laboratory

ATTN: Dr. F. Coddard
4800 0sk Grove Drive
Pasadena, California

North American Aviation, Inc.
ATTN: Dr. E. C. Van Driest
Aeronautical Laboratory
Downey, Celifornia

Ramo-Wooldridge Corporation
ATTN: Dr. Louis G. Dunn

L09 East Manchester Boulevard
Inglewood, California

Space Technology Laboratories, Inc.
ATTN: Dr. H. Zuckerberg,

Special Projects Department
P.0. Box 95001
Los Angeles 45, California

United Aircraft Corporation
ATTN: Mr. M. Schweiger
East Hartford, Connecticut

Wright Aeronautical Division
Curtiss-Wright Corporation
ATTN: Technical Library
Wood-Ridge, New Jersey




No. of
Cogies

1

DISTRIBUTION LIST

No. of
Copies

Organization

Brown University

ATIN: Dr. R. Probstein

Graduate Division of
Applied Mathematics

Providence 12, Rhode Island

Catholic University of America
ATTN: Professor K.F. Herzfeld
Professor M. Monk
Department of Physics

Washington 17, D.C.

Case Institute of Technology
ATIN: Dr. G. Kuerti
Cleve’and, Ohio-

California Institute of Technology
Guggenheim Aeronautical Laboratory
ATTIN: Professor H.W. Liepman
Pasadena 4, California

University of Californis at
Berkeley

ATTN: Professor S.A. Schaaf

Berkeley, Californis

University of California at
Los Angeles

ATTN: Dr. L.M. Boelter

Department of Engineering

Los Angeles 24, California

Cornell University
ATTN: Dr. A. Kantrowitz
Dr. W.R. Sears
Graduate School of Aeronautical
Engineering
Ithaca, New York

35

1

Organization

Harvard University

ATTN: Dr. A, Bryson

Department of Applied Physics &
Engineering Science

Cambridge 38, Massachusetts

University of Illinois

ATTN: Professor C.H. Fletcher

Department of Aeronautical
Engineering

Urbana, Illinois

Institute of the Aeronautical Sciences
ATIN: Library

2 Bast 64th Street

New York 21, New York

The Johns Hopkins University
ATTN: Dr. L. Kosvasznay -
Department of Aeronautical
Engineering
Dr. 8. Corrsin -
Department of Mechanical
Engineering
Baltimore 18, Maryland

Lehigh University

ATTN: Dr. R. Emrich
Physics Department
Bethlehem, Pennsylvania

University of Maryland

ATTN: Director, Institute of
Fluid Dynamics and
Applied Mathematics

Dr. S.F. Shen -

Department of Aeronautical
Engineering

College Park, Maryland




No. of
Copies

1

DISTRIBUTION LIST

No. Of

Organization Copies Organization
Massachusetts Institute of Technology 1  North Carolina State College
ATTN: Professor J.R. Markham ATTN: Professor R.M. Pinkerton
Department of Aeronautical Engineering Department of Engineering
Cambridge 39, Massachusetts - Releigh, North Carolina
University of Michigan 1 Ohio State University
ATTN: Dr. Arnold Kuethe ATTN: Professor G.L. von Eschen
Department of Aeronautical Engineering Aeronauticel Engineering Department e
East Engineering Building Columbus, Ohio |

Ann Arbor, Michigan
1 Pennsylvenia State College |
|

University of Minnesota ATTN: Professor M. Lessen
ATTN: Department of Aeronautical Department of Aeronautical

Engineering - Engineering

Dr. R. Hermann State College, Pennsylvania

Department of Mechanical

Engineering, Division of 1 Polytechnic Institute of Brooklyn

Thermodynamics - ATTN: Dr. A. Ferri

Dr. E.R.G. Eckert Aerodynamic Laboratory
Minneapolis 14, Minnesota 527 Atlantic Avenue

Freeport, New York
Midwest Research Institute
ATTN: Mr. M. Goland, Director 2 Princeton University
for Engineering Sciences ATTN: Professor S. Bogdonoff

LO49 Pennsylvania Professor W. Hayes
Kensas City 11, Missouri ' Forrestal Research Center

Princeton, New Jersey
National Science Foundation

ATTN: Dr. R. Seeger 1 Rensselaer Polytechnic Institute
Washington 25, D.C. ATTN: Dr. R.P. Harrington
Aeronautics Department

New York University Troy, New York

ATTN: Dr. R.W. Courant - .
Institute of Mathematics & 1. University of Texas
Mechenics . Defense Research Laboratory

Dr. J.F. Ludloff - ATTN: Mr. J.B. Oliphint

Department of Aeronautics P.0. Box 8029

45 Fourth Street University Station

New York 53, New York Austin 12, Texas

36




No. of
Copies

1

DISTRIBUTION LIST

Organization

University of Washington 1
ATTN: Professor R.E. Street
Department of Aeronautical
Engineering
Seattle 5, Washington

Professor J.W Beams 1
University of Virginia

Department of Physics

Charlottesville, Virginia

Dr. R. Bolz ) " 10
Case Institute of Technology
Cleveland, Ohio

Professor G.F. Carrier
Harvard University
Division of Engineering and
Applied Physics b
Cambridge 38, Massachusetts

Professor F.H. Clauser, Jr.
Chairman, Department of Aeronautics
The Johns Hopkins University
Baltimore 18, Maryland

189

Professor H.W. Emmons
Harvard University
Cambridge 38, Massachusetts

Mr. Gerald Hieser

Systems Engineering Department
General Electric Company

21 South 12th Street

Room 51k

Philadelphia, Pennsylvania

Professor J.0. Hirschfelder
University of Wisconsin
Department of Chemistry
Madison, Wisconsin

37

No. of
Cogies -

Organization

Professor C.B. Millikan
Director, Guggenheim

Aeronautical Laboratory
California Institute of Technology

" Pasadena 4, California

Professor William Prager

Chairman, Physical Sciences Council
Brown University

Providence 12, Rhode Island

Commander

British Army Staff

British Defence Staff (W)

ATTN: Reports Officer

5100 Massachusetts Avenue, N.W.
Washington 8, D.C.

Defence Research Member
Canadian Joint Staff

2450 Massachusetts Avenue, N.W.
Washington 8, D.C.

GM/MML - 200/23, dtd 3 Apr 61
Parts A,C and DA







L N —— m—- pinse
| _
fﬂl.!ﬂﬁglllﬁ-n_ﬂhaﬂ.aihunii!. VIR SRS pejoeessd sy Supen £ wopynrossd Fo Jpom @ m
Eiaﬂiﬂﬂnﬂi#ﬂuiﬂj-gugaﬂ TRARLE | ADdT] i ey 3ITEead oy eTqiawcd 0T 57 SieGEnd gowd PRGOS GTOLEORIS VY CBADTF
Eﬁiﬂaiiuiglﬂ!.gpﬂ%nahﬂrﬂtﬁf HELES STEOMPADY. &Y T ST G TESEs e oo yoeposlay e Lima v 35Dy
=ty Sol .iﬁii-ﬁ#%hhﬁ#glﬂsﬁlﬂﬂ iR WL OTUSSIRIY ST JaqENU GIw TRGSD DOTNTOART Jo fpog gy eu Beet e e
~sarie poul Wy aseql “HEERIE U0 RETRE R 30 CSTNoaal §o TITIOS RROTLEA Do) TRRLRY poodl B] SFwlL dTEyie 0 esTR GETY e SUiAnToAns U SRS R Bsiy
_ igiﬁfisﬁrnﬂ!piﬁﬂhuﬁﬂisﬁ TIMY wokuy et e paledson oo gapa i sy eoay enEp asen) enuled el
‘el eud Eisfer Srepuilcs yuwmngang o ST “EERpAn] A Staler LowRmoD JSaTUGEE e JesyET
e TRl wEm :E:ﬂﬂhuilﬁﬁlug.gﬂflbﬂznﬂg Wi HyTA wEmd .lﬂuﬁutﬁﬂnuﬂgguﬂiﬂgﬂi
iiﬁ?ﬂil&.uﬂwgﬂﬂlaﬁl-wﬁﬁtﬂ.tﬂﬁ FERM JEpe) A el S wiep S pre ey smmssesd el ey
Hidan  BLAIEE YIS, siodsy (NLIIEEVIOEN
AT T OIS ol WD "Si0-o—5i% ik COaT W DHITTT 0T3S "W 20 "Goo-{o-fod "ol foad v
ToET Semralis "0CTT Swl gecelay g Tl Segmaulay TOOTT "ed ssodey TEg
S S LE ety S e T
TIEELipOlEY - s Tas(ngy G STMAULSTAY - TSSO =T E W
S ity - B0 T UL Tl HAL SO OTSCERIVUL NI St moommegs $3F2e) { ) EACFA FOOMD ISR K
SwpsanEg - sETiReRlnig EUNTELY UALLYVLGN ¥ RO EO80S SEarnw SEl AUTAFE o= WO TR OXd HHIATTAD DWESWION W g0 E0snd Bnsowe §ES
PV RS e ucoq admis ug TS T oy ) .-H%Eﬂl
T AV EIE VLI HO Sy EITITSOVISE i uEIyw av
T IFpUL LS peimatadl ey Twrgem L4 w7 pryeRs Epiegy = i - WO JE Jﬂhunﬂu.Elﬂlqﬂ!j%ﬂEhlill
=ago) eneShey ugy jofpesd oy spgpeecd ap W EFOQENL Nowpl TEOSE SurmTmE THAOTY  WRIn) il euy Joppeal oy etqpeocd o) 3§ msegmem YU FEOUD JTRONRISY VY el
LD GlSSeneal SRy 9w SRGEND gewy eeoss N iy, JeEpeadag G Ha = 3T ElOsD OTROTHULY @i g0 ASqEau o inag - Eeods = un yEsmedep qore Efwa Wy scang
ey S COjUOUTRLY B SaquTH G=HH mEoLs uoluieans i fpag ey 0e 3wt e e EnuThgl L. TOjUDENEEy ] ZoiEs HeWW Amaaa UnTanfoass o dpog S e Feop e pa
~SRiPw pool BT asEyp  cmomlgw o o WY e pop4sivasa 10 @A O3 EROTIL Ness ) —2adTw st SERIEL  THEEL N g Sapiand 4l ow soTITOand a0 ewppod eeerpema e
Ep dan) mmotwd TaTe parelonn ow JOFUTELS S0% st Wik esfng emsTul el Wiy oty e ika paedwiss o S Tiés ol Bl whwp amaag e gl
_ TElnEnal S0 ddaler Erepineg goEr Ay Him Swrpee e san psafe] Lipmmog JUSTREIN N SESrTE
SIER HiPA WD CepTeng AOT) omEmaEing s TFUCHILETY, SRUfrms oy Sopnapeoeddeed e B3R wiml  CrpTEnd aStl sqeoesadng pue aivommry mopims oy DLy pr
PRGETON JApUTTES BUTIN00 W U B0 Baap o oty mynEscant Leadng HETLL frpEion sepupTds Puiymios @ U wgay sap pm i rysseant rodad spmg
sanily OFT STREWIOEN el ENLIISTVLOE
T T 'Ot "uH S0 -..ﬂ_ul.lr_rﬂﬂ.rﬂ-li“ o .ﬂE i 08T ﬂ.ﬂ OE DI !g g E w
FHE semontan 'og1T tan eedeg ‘g ToaT SeEerilog TOLTT ol ol Tl
WA LS TR YT AT ey
STENNADOAISY - EETTYIS A R CEOCY | aymendpiuey - periiosfoug P CE W
ErlERIr P - L T TeEE FETlA BRSOt OTEONPSD KE W Re sy - EEPINT LT AL BECMD SINOEEVEL EI
rptagug . BELTRSEloa ERINTTAL U Ml e BNl HEE m ANpiEnNg - BT Gl BN DeLivaos ¥ B0 Eound Gneows ERL
oY oOv] LeswaEag Sy3eTTIw LIV *=IpaUTRInG] gasmsemy speTiTe
fHf soTEERLLy ELTaE IR o 0OTFEary 5 §




UNCLASSIFIED

UNCLASSIFIED




