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The KINGFISHER 1B B rodar-oontrolled, subsonio, self-homing, airborne 
guided missile designed to deliver an explosive oharge below the waterline 
against floating targets.    It is intended that KINGFISHER will be released 
fron an aircraft well beyond the range of conventional ontiairoraft fire 
originating at the target.    The KINGFISHER, in turn, will release a torpedo 
at «one distance short of the target.    An exception is the Type E KINGFISHER, 
whioh is intended for submarine targets and is to be released from shipboard. 

Projeot KINGFISHER is an outgrowth of the PEilCAN and BAT Projects, 
whioh were carried out, during the war, at the National Bureau of Standards 
under the sponsorship of the National Dufenae Research Committee and the 
Bureau of Ordnanoe of the Navy Department.    Supporting radar development 
work was done by the Radiation Laboratory of the Massachusetts Institute of 
Technology.   First design consideration was given to KINGFISHER in 
September 19Ul, but aotive development work on the Projeot did not begin 
until after the end of World War II.    The Projeot was originally under the 
cognizance of the Bureau of Ordnance, but during the  current quarter, the 
assistance of the Bureau of Aeronautics was enlisted, end Project KINGFISHER 
is now controlled jointly by these two Bureaus of the Navy Department. 
Teohnioal direotion of the Projeot is the responsibility of the National 
Bureau of Standards.   The organization chart for the KINGFISHER development 
projeot is shown in Figure 1. 

As of January 1, 19i+7,  consideration was being given to five KINGFISHER 
types:    A and B, whioh were gravity-powered (glider), and C, D and E, whioh 
were jet-powered missiles.    Curing the current quarter, at the direction of 
CNOj the  glider types, A and B, were abandoned because of lack of an opera- 
tional demand.    A new type, Typs F, was added, whioh is essentially a powered 
version of the foimer Type B.    Currently, the four tyr** of KINGFISHER 
missiles, designated for development, are 'as follows: 

Type C»    A power-driven missile  having a 20-mile  range when launched 
from an aircraft at low altitude; total weight of the unit 
to be about 4,000 lbs.,  includirfr the payload, which is a 
power-driven homing torpedo having i 350-lb. warhead charge. 
The Type C KINGFISHER is being designed to be released from 
currently available aircraft and to use ourrently available 
torpedoes (in particular, the '.'k 13 and Ilk 25). 

Type Dt    A power-driven missile havinp a 20-mile  rone« when launched 
from an aircraft at low altitude; total weight of the unit 
to be about 3,000 lbs.,  including the peyload, a light-weight 
power-driven homing torpedo (not yet developed) having a 
200- to hOO-lb. warhead oharge. 

Type E:    A power-driven missile having a 10- to 20-mile  range when 
launched from a surface ship; the total weight of the unit 
to be about 3,000 lbs,, including the deep-diving homing 
torpedo (Ilk 35) now in the research stags. 
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Typ* Ft   A power-driven vehiole having a 20-mile range, aircraft 
launched; the total «eight of the unit to be about 1,000 lbs., 
inoluding the payload, whioh will be a non-powered, non-homing 
bomb torpado of about 350-1 b. weight, similar to the German 
BT.    The payload has not yet been developed. 

Major effort is being put on Type C KINGFISHER, although the other three 
types, particularly Type F, are being given serious attention.    Because of the 
faet that powered missiles, even the  interim design, will not be available for 
flight testing until I9I48, an extensive test program is under way with glider 
missiles in order to facilitate the development of the other essential com- 
ponents. 

The progress and status of development of KINGFISHER is presented,  in the 
following sections of this report, under headings of Airframe, Navigation, 
Intelligence, Servo Systems, Propulsion, Electrioal Power Supply, acd Instru- 
mentation.   Under eaoh heading is a brief summaiy of the over-all status 
followed by a more detailed resume' of current progress.    The applicability of 
the various developments to different KINGFISHER types is considered sepa- 
rately in eaoh section. 

i 
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II.    AIRFRAME 

A.    STATUS OF DEVELOPJEHT 

Most of the work to data on KINGFISHER airframea has bean en glider 
versions in order to have vehicles available for immediate field testing. 
However, in wind tunnel tests and design studies, the required modifications 
on the air frame to convert it to the powered version have been oarefully 
noted. 

The airfran» used in current field tests is designated Mark Vy and is, 
to some extent, a modification of the B/.T airframe.    An improved glider ver- 
sion air frame, designated as the wing-attached model, dispenses with the 
body structure of the Hark 15 and attaches the wings direotly to the torpedo 
body.    These two airframea were  shown as Figures 2 and 3 in Quarterly 
Progress Report No, 1.    Extensive wind tunnel tests on a model of the wing- 
attaohed glider have been made and have yielded design data for an airframe 
possessing excellent aerodynamic properties. 

Wind tunnel tests for a Type C KINGFISHER airframe have shown that 
optimum looetion for the  propulsion unit is aft of the torpedo shroud ring. 
The tests have given data on lift end drag coefficients, h/o ratio, and 
preferred trim angles. 

In all KINGFISHER models, it is planned that the intelligence system be 
mounted in a housing on the forward end of the torpedo. Zero oontrols will 
probably be looated in the wing structures. 

B.    CURRENT PROGRESS 

1.    Mark 15 Airframe 

Four Mark 15 airframea were prepared for field teat during the 
our rent quarter for the purpose of obtaining additional data on the 
•erodynamio properties of the missile during homing flight» particu- 
larly in regard to determination of best deoalage  setting.    In the 
first two units, the  decalage  (angle bet-jeen the chord of the main 
wing and the chord of the horizontal tail surface) of one was set at 
3°, and of the other, at %°.    hark 1 (PELICAN) radar equipnent was 
used and arranged for homing on an -il!/hP;i-7 transponder used as a 
beacon. 

Flight dita obtained in the two previous tests (Flights K-23 and 
K-21») showed that the failure of these units to reach the target was 
due to the effect of the lar^e roll-hunt amplitude on the action of 
the pitch gyro. In order to correct this condition, the angle of the 
turn gyro was increased from 15' to 25°. Also, tail elevators simi- 
lar to those in use on the liod 0 HAT were installed, and the setting 
of the pitch gyro incrotioed from 2°/seo to 6°/soo. 

One unit  (Flight K-25) was dropped in a 29-knot orosswind and 
landed lijO feet to the left ond 69 feet over the beaoon.    The flight 
records obtained from the  nose camera showed a yaw oscillation of 
about 7   amplitude.    The flight as a whole, however, was very good. 
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The other unit was destroyed when it *.m3 accidentally dropped 
on the runway at the Test Station. 

Two additional units were tested to attempt to reduce the yaw 
oscillation obtained in the previous flights.    These uhits were 
equipped with Hark 2 (BAT) radar equipment and were dropped against 
a oorner reflector.    Six-inch extensions vere provided on the vorti- 
oal tail surfaces to provide greater directional stability. 

The first unit (Right K-26) had a decal&ge of 3°.    The glider 
camera records Indicated that,  although the radar was calling for a 
glide signal, the elevens moved to an average position half way to 
full glide.    The yawing motion was not noticeably affected by the 
increased area of the vertical stabilizer.    Homing control was 
apparently lost during the flight; the landing point was 1,700 feet 
short and 1,250 feet to the left of the corner reflector. 
, i 

The second unit (Flight K-27) had a decalage of 3-=?°. The pitch 
and yaw hunt amplitudes of this test were very similar to K-26 
except that, about 12 seconds after release, the flight became very 
steady for 6 to 10 seconds. During this period, the elevens were 
at full glide limit. The flight was good, the unit landing 146 feat 
short and 18 feet to the left of the corner reflector. 

Comparison of the flight characteristics of the three missiles 
indicated that the 3g-° decalage setting was superior, although the 
data were not sufficient to be conclusive. Jissiles for future 
tests will be prepared with the 3^ decalage setting. 

Torpedo Release - Test Flight K-10 (reported previously) was 
made tor  the purpose of testing a mechanium to release the torpedo 
,from the üark 16 air frame. Analysis of the photographs was made 
during the current quarter, and the results show satisfactory opera- 
tion of the mechanism. The operation of the torpedo release is 
shown in a series of photographs in figure 2. 

2, 7ing-Attached Glider 

Extensive aerodynamic tests of the glide version of the wing- 
attached airframe were conducted in the UBS' 6-foot wind tunnel. 
Measurements were-completed on approximately fifty different con- 
figurations of the model. The model with the desirable position 
of the wing and tail is shown in Figure 3. Tables 1, 2, 3, 4, 6 
and 6 list the trim anjjle at zero pitching moments for the various 
positions of the wing, the tail, and the center of gravity when 
the control flaps are set at -30°, 0°, and +30°to the neutral. 
The positions of the wing, the tail, and the center of gravity are 
listed as ratios to the root chord of the main wing. It is note- 
worthy that for the optimum configuration, the angle of trim is 
within  ±1 to the flight path for the full range of the control 
flap settings (see Table 6). The diagram for use with Tables 1 
to 6 is shown in Figure 4. 

i 
mmmmm 
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FIGURE 2 

TORPEDO RELEASE BY KING FISHER MISSILE 

(The above sequence of pictures shows the separation of the torpedo 
and Kingfisher airframe in an actual   flight test.    The pictures were 
taken at a speed of 64 frames per socond, and the numbers adjacent 
to the various views represent the number of frames after the release 
mechanism functioned.    This  functioning ia  identified by a flash of 
light,  shown in the view labeled 0.) 
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TRIM ANGLES OF THE WING-ATTACHED AIHFRAHE FOR ZERO PITCHING 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 

Flap Trim 
Angle 

R a    t i   0    i 1 Tail Area 
Main Wing 

Tail 
Setting« W/C Vc o/c *&_ Seotion 

-30 
0 

30 

-1 
•2.5 
+6 

2.21 
2.21 
2.21 

0.1*3 
0.1*3 
0.1*3 

0.59 
0.59 
0.59 

1*.28 
1*.28 
1*.28 

O.36 
0.36 
O.36 

NACA .0012 
NACA .0012 
NACA  .0012 

30 
0 

30 

0 
+3.5 
+6 

2.28 
2.28 
2.28 

0.1*3 
0.U3 
0.1*3 

0.59 
0.59 
0.59 

i*.28 
li.28 
1*.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

0 
•3.5 
46 

2.JA 
2.36 
2.36 

o.i+3 
o.l*3 
0.1*3 

0.59 
0.59 
0.59 

1*.28 
1*.28 
1*.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 
t 
+3.5 

2.36 
2.36 
2.J6 

oJ*3 
oJ*3 
oJ*3 

0.59 
0.59 
0.59 

1*.28 
1*.28 
1*.28 

0.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

-5.5 
+1 
•5 

2.36 
2.36 
2.36 

o.l*3 
0.1*3 
0.1*3 

0.59 
0.59 
0.59 

1*.28 
lt.28 
l».28 

O.36 
O.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

-2.5 
-2 
+1 

2.1*1* 
2.1*lt 
2.1tlt 

0.36 
0.36 
0.36 

0.59 
0.59 
0.59 

1*.28 
1*.28 
lt.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

0 
• .25 
•3 

2.1*1* 
2.1*1* 
2.1*1* 

0.36 
0.36 
0.36 

0.59 
0.59 
0.59 

1+.28 
lt.28 
1*.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

0 
+ .25 
+3.5 

2.36 
2.36 
2.36 

0.36 
0.36 
0.36 

0.59 
0.59 
0.59 

lt.28 
1*.28 
1*.28 

0.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

The ratio« in the cantor oolunn of the table refer to apeoial configuration« 
and are explained in Figure 7.    The optimum eettings are shown in Tablo 6. 

'*--; 
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TRIM ANGLES OF THE WING-ATTACHED AIRFRAIffi FOR ZERO PITCRINO 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 

Flap Trim 
Angle 

0 
+2 
+5.5 

R a   t i   0    1 1 Tall Area 
Main Wing 

O.56 
O.36 
O.36 

Tall 
Settings W/c " 

2.28 
2.26 
2.28 

0.1*0 
0.40 
0.1+0 

0.59 
0.59 
0.59 

I/c 
4.28 
4.28 
4.28 

Station 

30 
0 

30 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

0 
+3 
46 

2.28 
2.28 
2.28 

0.40 
0.1(0 
0.1*0 

O.52 
0.52 
0.52 

4.28 
4.28 
4.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

0 
+1 

2.28 
2.28 
2.28 

0.36 
0.36 
0.36 

0.52 
0.52 
O.52 

4.28 
4.28 
4.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

4 .50 
- .50 
+  .50 

2.36 
2.36 
2.36 

0.28 
0.28 
0.28 

0.52 
0.52 
O.52 

4.28 
4.28 
4.26 

O.36 
0.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+ 1 
0 

+ 1 

2.36 
2.36 
2.36 

0.28 
0.28 
0.28 

O.52 
0.52 
0.52 

4.28 
4.28 
4.26 

0.36 
0.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+ 1 
*  .30 
42.50 

2.36 
2.36 
2.36 

0.32 
0.32 
0.32 

O.52 
0.52 
O.52 

4.28 
4.28 
4.28 

0.36 
O.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

4l 
4 1.50 
+ 4 

2.36 
2.36 
2.36 

0.36 
O.36 
O.36 

0.52 
0.52 
0.52 

4.28 
4.28 
4.28 

O.36 
0.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

- 1.50 
- .50 
4 2.50 

2.36 
2.36 
2.36 

0.36 
O.36 
0.36 

0.52 
0.52 
0.52 

4.28 
4.28 
4.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

The ratios in the cent a r oolumn of the table refer to special configuration« and 
are explained In Figure 7.    The optimum settings are shewn in Table 6. 

lr 
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TRIM ANGLES OF THE WING-ATTACHED AIRFRAME FOR ZERO PITCHING 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 

Flap Trim 
Angle 

-  .50 
+ .50 
+3.50 

R a    t 1      0      t Tall Area 
Main Wing 

0.36 
O.36 
O.36 

Tall 
SottInga 

2.28 
2.28 
2.28 

0.37 
0.37 
0.37 

G/C_ 

0,52 
0.52 
0.52 

T/C 

1* .28 
24.28 
lt.28 

Seotlon 

30 
0 

30 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+3.50 
+3.50 
+4.50 

2.24* 
2.2* 

0.36 
0.36 
0.36 

0.59 
0.59 
0.59 

2t.28 
li.28 
2».28 

0.36 
0.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+3.50 
+2.50 
+U 

2.28 
2.28 
2.28 

0.32 
0.32 
0.32 

0.52 
0.52 
0.52 

1+.28 
h.28 
lt.28 

O.36 
0.36 
0.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+2 
+1 
•3.50 

2.28 
2.28 
2.28 

0.32 
0.32 
0.32 

0.52 
0.52 
0.52 

1*.36 
2».36 
ii.36 

0.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+2 
+1 
+2.50 

2.36 
2.36 
2.36 

0.30 
0.30 
0.30 

0.52 
0.52 
0.52 

2*.36 
ii.36 
1*.36 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30     • 
0 

30 

+1.50 
+1 
+3 

2.36 
2.36 
2.36 

0.32 
0.32 
0.32 

0.52 
0.52 
0.52 

iw36 
J4.36 
i*.36 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

30 
0 

30 

+2 
+2 
+1* 

2.3f 
2.36 
2.36 

0.31* 
0.& 
0.3i* 

0.52 
0.52 
0.52 

2i.36 
i+.36 
it.36 

0.36 
0.36 
O.36 

NACA .0012 
NACA .0012 
NACA  .0012 

30 
0 

30 

.1.50 
- .50 
+2.50 

2.28 
2.28 
2.28 

0.36 
0.36 
0.36 

0.52 
0.52 
0.32 

U.28 
h.ZB 
2*.28 

O.36 
O.36 
O.36 

NACA .0012 
NACA .0012 
NACA .0012 

The  ratios In the center column of the table  refer to special configurations and 
are explained In Figure 7.    The optimum settings are shown in Table 6. 
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MO^T POH V,RIOUS PS 3S3S ÄTSSlPcSSaSSS 

Trim 
An^la 

-1.50 
.1.50 
+1 

- .25 
- .25 
+ .50 
+1 
«2 

.1 
+3.50 
•16 

-9 
-3.50 
+4 

0 
+2.50 
•5.50 

- .25 

+4-50 

+ .50 
••4.50 
+7.50 

Rat    i    o 
"A.    Vc    -g7g 
2.28 0.32 
2.28 0.32 
2.28      0.32 

T7T 

0.52 4.28 
0.52 4.28 
0.52     4.28 

2.28 
2.28 
2.28 
2.28 
2.28 

2.36 
?.36 
2.36 

2.36 
2.16 
2.36 

2.28 
2.28 
2.28 

2.28 
2.23 
2.28 

2.21 
2.21 
2.21 

0.32 
O.32 
0.32 
0.32 
0.32 

0.43 
0.43 
0.43 

0.2*3 
C45 
o*43 

o.ho 
o.kc 
o.I>o 

C.38 
Cj8 
0.38 

0.46 
C.i,6 
0.46 

0.52 
0.52 
0.52 
0.52 
0.52 

0.«2 
0.52 
0.52 

0.52 
0.52 
0.52 

0.52 
0.52 
0.52 

4.28 
4.28 
4.28 
4.28 
4.28 

4.26 
4.29 
4.23 

'4.28 
4.29 
4.28 

4.28 
i*.28 
'-•.28 

0.52 -4.C3 
0.52 U.?8 
0.52 !*.'-8 

0.52 k.P.9 
0.52 I4.28 
0.52 4.28 

Ratio 
Tail Area 
Main Kir« 

O.36 
O.36 
O.36 

O.36 
O.36 
O.36 
0.36 
0.36 

O.36 
0.?6 
0.3c 

0.36 
0.36 
0.3* 

0.36 
0.36 
0.36 

0.36 
0.36 
C.36 

o.j6 
o.3f 
0.36 

Tail 
Saotlon 

WCA .0012 
IfACl .J012 
NAfcii  .0012 

NACA .0012 
NACA .0?12 
NACA .00J2 
NACA .0012 
H»-C:.  .0012 

'ACA .0012 
iWiCi .0012 
NACA  .0012 

NACA .0012 
KLiCA .0012 
F/.CA .C012 

NACA .0012 
MA--V  .0012 

NACA .0012 
NACA .0012 
NACA .0012 

ÜACA .0012 
NAOA .0012 
NACA .0012 

i 
The  ratios in the eenter aolumn of the tabla  refer to speoial configuration« and 
are explained in Figure 7.    The optimum setting» are aho*n in Table 6. 
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TRIM ANGLES OF THE WING-ATTACHED AIHFRAHE FOR ZERO PITCHINO 
MOMENT FOR VARIOUS FLAP SETTINGS AND SPECIAL CONFIGURATIONS 

Flap Trim 
Anglo 

0 
+ 1.25 

R a   t i    0 1 Tail Araa 
«hin Wing 

0.50 
0.50 
0.50 

Tail 
Settings W/fc 

2.36 
2.36 
2.36 

0.3U 
0.3U 

G/C 

0.52 
O.52 
0.52 

14.23 
il.28 
1*.28 

Seotion 

30 
0 

30 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

0 
+ 1 
+3 

2.36 
2.36 
2.36 

0.30 
0.30 
0.30 

0.52 
0.52 
0.52 

U.28 
14.28 
14.28 

0.50 
0.50 
0.50 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

-2 
-  .50 
+ 1.50 

2.36 
2.36 
2.36 

0.30 
0.30 
0.30 

0.52 
0.52 
0.52 

I4.28 
14.28 
14.26 

0.50 
0.50 
0.50. 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

-1.25 
.1 

0 
zMk 
2M 

0.23 
0.23 
0.23 

0.52 
0.52 
0.52 

14.26 
14.28 
14.28 

0.50 
0.50 
0.50 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

.1.25 

.1 
0 

2.W 
2.W 
2.Uk 

0.23 
0.23 
0.23 

0.52 
0.52 
0.52 

14.28 
14.28 
M.28 

0.50 
0.50 
0.50 

Urge Flat* 
Large Flat* 
Large Flat* 

30 
0 

30 

.1.50 

.1 
+   .50 

2.W. 
2Jw 
2^4 

O.Sa 
0.21* 
0.2i* 

0.52 
0.52 
0.52 

14.28 
lt.28 
lt.28 

0.50 
0.50 
O.50 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

-3 
0 

+i* 

2.26 
2.28 
2.28 

0.21» 
0.214 
0.21+ 

0.52 
0.52 
0.52 

lt.28 
14.28 
14.28 

O.50 
0.50 
0.50 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

-3 
0 

2.28 
2.28 
2.28 

0.21» 
0.2U 
0.24 

0.52 
0.52 
0.52 

14.36 
44.36 
14.36 

0.50 
0.50 
O.50 

Large Flat 
Large Flat 
Large Flat 

30 
0 

30 

-3 
0 

2.28 
2.28 
2.28 

O.2I4 
0.21« 
0.21* 

0.52 
0.52 
0.52 

44.36 
44.36 
24.36 

0.50 
0,50 
0.50 

Large Flat 
Larp» Flat 
Large Flat 

*   Without torpedo propellers. 

Tb» ratios in the center oolunm of the table refer to speoial configurations and 
are explained in Figure 7.    The optimum settings are shown in Table 6. 
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TRIM ANGLES OF THE WING-ATTACKED AIRFRAHE FOH ZERO PITCHING 
MOMENT FOR VARIOUS FLAP SUTTIUGS AND SPECIAL CONFIGURATIONS 

Trim 
Angle 

-2 
- .50 
+2 

-1.50 
.1 
•1.50 

+1 
+ .50 
+2 

+1 
+1 
+2.50 

4l 
+ .50 
+2 

0* 
0* 

+1* 

-1 
.1 

0 

+1 
+1 
+2 

t    1 
vc   G/C   £*r 
0.32 
0.32 
0.32 

0.214 
0.21; 
0.21+ 

0.52 
0.52 
0.52 

1*.36 
ll.36 
ii.36 

0.52 1*.J6 
0.52 1*.J6 
0.52     1*.36 

2.1*1* 
2.W* 
2-U* 

0.21* 0.52 
0.21* 0.52 
0.21*      O.52 

J*.32 
i*.32 
i*.32 

2.1*1* 0.21* 0.52 14.28 
2*1*1» 0.21* 0.52 1*.28 
2 Ah 0.21* O.52 1*.28 

2.1*1* 0.21* 0.52 i*.28 
2J*1* 0.21* 0.52 1*.28 
2.1*1* 0.21* 0.52 4.28 

2.1*1* 
2.U* 
2Mh 

2-y* 
2J*1* 

2.W 
2J+1* 
2J4* 

0.21* 
0.21* 
0.21* 

0.21* 
0.21* 
0.21* 

0.21* 
0.21* 
0.21* 

0.52 1*.36 
0.52 1*.36 
0.52 h.36 

0.52 1*.36 
0.52 1*.36 
0.52 1*.36 

0.52 1».36 
0.52 I..36 
0.52 1».36 

Ratio 
Tail Area 
Main Wing 

O.50 
O.50 
0.50 

O.50 
O.50 
0.50 

O.50 
0.50 
O.50 

O.50 
O.50 
O.50 

O.50 
0.50 
O.50 

C.50 
O.50 
O.50 

O.50 
O.50 
O.50 

O.50 
0.50 
0.50 

Tail 
Seotlon 

Large Plat 
Large Flat 
Large Flat 

Large Flat 
Large Flat 
Large Flat 

Large .0012 
Large .0012 
Large  .0012 

Large .0012 
Large .0012 
Large  .0012 

Urge .0012 
Large .0012 
Large   .0012 

Large .0012 
Large .0012 
Large  ,0012 

Large .0012 
Large .0012 
Large  .0012 

Large .0012 
Large .0012 
Large  .0012 

The ratios in the oenter column of the table refer to apecial configuration« and are explained in Figure 7. 
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The atruoture for the optimum configuration was analysed for 
•tresses under wing loadings of BOO lbs. per sq. ft. Detail design 
of this structure was completed for one set of full-scale wings and 
the models were constructed. The full-scale wind tunnel tests will 
not, however, be made booauae of divergenoe of effort from the 
glider version. 

3. Powered Airfrsroe (Type C) 

Tith the shift of emphasis from glider to powered versions of 
KINGFISHER, wind tunnel tests were modified to provide design infor- 
mation for powered air frames, Many of the glider data, as well as 
the wind tunnel models, have proied useful in this other application. 
In particular, studies were made to determine the relative merits 
of various single- and twin-engine motor arrangements using the 
glider model. In Fig. 5 are listed the relative drags for the 
various arrangements of the propulsion unit. It is noted that the 
optimum position of the motor was found to be aft of the torpedo 
and in line with its axis. This desirable configuration for the 
wind tunnel model is shown in Figure 6. t/itu this arrangement, 
however, a slight reduction in propulsive efficiency is expected, 
but the aerodynamical advantage should more than offset this reduc- 
tion. 

A wind tunnel model (l/G sice) for the Type C KIHGFISHER was 
prepared. Measurements were made to determine the lift and drag 
coefficients, tho l/D  ratio, and the trin angles for zero pitching 
moments at control flap settings of -40°, -30°, -20°, -10°, 0°, 
-(-10°, T20°,+30°, and +40°.  These quantities were determined 
for various positions of the center of gravity and for four 
different wing sections.  Figures 7 and 8 give the comparison of 
these quantities for the wing seotions tested. These wing sections 
varied mainly in the degree the trailing edge was raised above the 
ohord line of the basic wing. The ordinates affected were aft of 
the 50!' ohord station. The X/c ratio shown in Figure 4 equals 31;?. 

These reverse combers are listed as a percent of the root 
ohord. A ratio of 2% was chosen to satisfy the lift coefficient 
required for horisontal flight for a missile of approximately 
3,500 lbs. weight. 

'f  

» 
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A. STATUS OF DEVELOPMENT 

Tha pursuit-course type of helming employed in BAT is considered inadequate 
for use against fast-moving targets. This conclusion is based on ejeperienoe 
with BAT» as well as on numerous mathematical studies. Accordingly, various 
types of course navigation are being investigated for KINGFISHER. Any type of 
navigation which causes the missile to fly a course differing from pursuit 
oust cause the missile to fly at an angle to the line-of-sight path. Therefore, 
the homing reference axes will be variable with respect to the missile axes, 
and a major design consideration will be to provide adequate separation between 
homing signals and stabilization signals. The importance of this separation 
has been well established in  actual flight tests and in simulated flight tests. 

flight tests affinst moving targets have been made with KINGFISHER and 
modified BAT missiles at the Tarran Grove, New Jersey, Field Station. The 
results of these tests have showed that with a fixed azimuth offset on. the 
radar axis, made as a predetermined lead computation, incrsased accuracy was 
obtained. However, when the offset was variable (some fraction of the angle 
between the line-of-sight and missile axis), the results were erratic. 
Apparently long-period yaw oscillations of missiles produced appreciable azimuth 
error. This effect has been fully verified in tests vdth the flight simulator, 
details of which are reported below. 

Currently, the most favored syate.-.i is to stabilize the radar axis along 
the line-of-sight, independently of any reference exes in the missile. Radar 
error signal8, caused by target or missile translation, would then provide 
navigation signals for the axes of the reference gyro of tho missile. This 
system has not yet been tested on the flight simulator. An important require- 
ment of this system is thut the natural drift rate of -the reference gyros be 
low. 

For the applications where low trajectories throughout the flight are 
expeoted, consideration is being given to a navigation system in which pitch 
homing is supplemented with altitude control. 

B. CURRENT PROGRAM 

1.    Flight Simulator Tests 

A aeribs of tests with the KIIJGFISHER flight simulator comparing the 
performance of the control systems of the Llod 0 and the uod 1 BATS 
revealed no significant difference between the tvn systems in respeot to 
their accuracy in pitch.    However, the llod 1 system exhibited better 
characteristics in ri^ht-left performance.     äth the i:od 1 system,  smaller 
right-left dispersions  in paths were obtained for flights made under 
identical conditions, and there was less tendency for large amplitude, 
long period (10-to 15-seco:id) oscillations to develop. 

Following the above-mentioned tests,  it was decided that investiga- 
tions of different navigation systems, with a view toward determining 
the optimum "navigation factor" for KINGilSilER,  should have priority 
over other simulator tests.    Considerable modifications of the simulator 

T 
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were required before these investigations aould be undertaken. A small 
stabilised mount for the photoelectric homing head was built and 
installed on the inner platform of the rotation simulator. This mount 
is shown in the center of Figure" 9. -The mount is stabilized in yaw and 
pitoh by a small servo system. Signals for controlling the homing head 
servos may be derived from gyro references or other sources. At 
present, the mount is caused to turn in yaw and pitch by some proportion 
of -the angles turned through by the yaw and pitch gimbals of the simu- 
lator. This proportion can be carled continuously from 1 to 0, thereby 
covering the complete range of courses between the collision and pursuit 
courses. The navigation courses which will result from this arrangement 
of the simulator are the same as those which would result in actual 
flight if perfect free gyros were used as a reference for the homing 
head servos. 

A number of tests with the simulator, using the stabilized homing 
head, along with the Itod 0 BAT control system, made it apparent that 
before any "navigation factor" at all could be used to advantage, a very 
effeotive means must be found for damping out long-period homing oscil- 
lations which become worse as the amount of navigation is increased. A 
very effective means of damping out this oscillation is to introduce a 
lead into the homing signals. A lead of about 40° has been found to be 
very effective on the simulator. 

The faot that the long-period homing oscillation beoomes less damped 
as the distance of the glider from the target is lessened makes it 
possible to use the distance at which the oscillation becomes undamped 
as a measure of the damping.  /hen measuring the clamping on the simu- 
lator, the translation target carriage is allowed to oscillate at a 
fixed distance from the rotation simulator. In successive trials, this 
distance is lessened until a point is found where the yaw oscillation 
becomes undamped.  For any given circuit configuration, this distance 
has been found to be critical. 

Tests of the navigation system in which the radar axis is in- 
dependently stabilized will be made when a stabilised antenna mount 
beoomes available. 

2. Altitude Control 

Tfith the emphasis of the KIUGflSHER program shifted from glider to 
povered missiles, provision for low flat trajectories beoomes increasingly 
important, tar such trajectories, altitude control may be prefeired to 
pitch homing with radar signals reflected from the target. The problem 
of altimeter control has been analyzed,and the results presented in 
Report 00-8-21!." Conclusions from this report follows 

(a) Altimeter control offers no appreciable advantage for 
a gravity-powered missile. 

(b) Altitude information is probably essential for at least 
the early portion of the flight of powered missiles. 

See Reference 1, Bibliography, Section IX. 

T 
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(e) Altimeter design depends in part on the altitude at 
which powered missiles are intended to fly. This 
latter is conditioned by the desire to avoid detec- 
tion by staying low, and also by the requirements 
for torpedo release. It may be necessary to release 
the torpedo from an altitude between 600 and 1,000 ft. 
further consideration of this toplo will depend on 
more specific formulation of -the technique of torpedo 
release. 
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A.    STATUS OP DEVELOKENT 

The intelligence system under development tor Types C, I) and F KINGFISHER 
la X-band radar providing homing signals for aeimuth and pitch.   Assembly 
of the first model for flight and other testa has been completed.    This model 
«as originally intended for Type A KINGFISHER but is readily adaptable to 
Type C. 

Miniaturization of various components of the intelligence system, an essen- 
tial requirement for Type F, is in process. 

Development of an 5!I altimeter to replace pitch homing in the case of low- 
altitude trajectories has been initiated. 

The salient features of the first prototype intelligence system for Type C 
KINGFISHER are as follows: 

(1) Antenna system:  four-horn model pictured in -iiarterly Progress 
Report Ho. 1;  sequential scanning. 

(2) R-f system)  2J65 or ZJ56 magnetron]  l/* microsecond pulse; 
measured power about 35 lew peak; 2,000-cyole repetition rate. 

(5) Modulator i pulse-forming line, hydrogen thyratron (4C35), pulse 
transformer. 

(4)    Receivers unbalanced mixer,  fixed-tune 60 mo i-f amplifier, as 
described in Quarterly Progress Report Ho. 1.    The pre-mixer 
attenuator, required for crystal protection at minimum range, 
has not yet been included, 

(6) AFC Unit*    as described in Progress Report No.  1. 

(6) Video Unit;    as described in Quarterly Progress Report No.  1. 

(7) Electronic Power Supply;    An eleotronxo power supply has been 
designed to operate with a 116-volt input at either 400 or 
800 cycles.    A mockup was constructed for 60-cyole operation, 
scaling up the filter time constants and using larger tubes 
in place of certain T5]j> tubes in short supply.    Commercially 
available transformers were used,  in some cases of only 
approximately correct voltage ratios.    As a result,  some of 
the regulating tubos run over their specifications, with 
resulting short life, but with reasonably £Ood performance 
during the early portion of the life.    It vras subsequently 
found possible to operate this  supply at 800 cycles.    This 
last feature permits  flight tests without awaiting the wind- 
ing of special trans for mers,   since inverters are available 
from the BAT program for converting the 24-volt d.c, airplane 
supply to 116 volts,  800 cycle a.o. 
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B.    CURRENT PROGRESS 

1.   Type C Prototype 

(a)    Laboratory Testa 

Switoh Tube Performance - The ignition voltage was found to be 
somewhat higher than was hoped for, neoeaeitating a modification of 
the switch tube gating oirouit to supply the higher voltage without 
exoeeding gate tube specifications. 

The tube life was found to be quite low, with the average life 
less than SO hours and with some tubes failing in an hour or two, 
Hew modifications are being prepared to extend the life,  some of 
which involve also extending the recovery time.    The latter, however, 
will be tolerable in the present system,  since the switch tubes are 
not fired as TR's by the transmitted pulse, due to non-duplexing 
and loose receiving-transmitting antenna coupling.    Thus, the 
switching can be initiated sufficiently in advance of the expected 
echo to allow switoh tube recovery.    Three tubes with a new filling 
have been received, which require only about l/3   to l/t the amount 
of oontrol current, and presumably have a much longer life.   A 
recovery time of 20 microseconds is characteristic  of these tubes. 

System Performance - The transmitter has been checked for peak 
power output,  frequency, and frequency spectrum, and found satis- 
factory. 

The transmitter coupling to the AFC converter has been 
adjusted for proper A*C action. 

The switching section (that portion of the r-f plumbing idler« 
the three receiving horns converge, through the switch tube,  into 
the common converter channel) was checked for insertion loss 
viewed from each of its three inputs.    Certain differences between 
switoh tube and TR box characteristics were noted, which required 
a slightly different location of the parts.    This relocation will 
be in future antenna assemblies but cannot be installed in the 
test model.    As a result, a loss of about 3 to i decibels through 
the present switch seotion is observed, rather tlian the approxi- 
mately 1.5 decibels obtainable with the modified design. 

The local oscillator injection was found to vary slightly, 
according to which switch tube was open.    The effect has no serious 
consequences but is to be eliminated in the untuned mixer now being 
designed by the use of directional couplers as injecting elements. 
This latter measure is expected also to accomplish a considerable 
reduction in the amount of main bang coupling into the signal 
crystal via the Ai'TJ crystal and local oscillator.    Tests have 
shown that tnis channel is now responsible for most of the main 
bang disturbance of the receiver. 

The over-all signal-equal-noise sensitivity was observed 
to be about -107 dbw.    Allowing for excossivo switch section 
losses, this is still somewhat loss than can be achieved witiiout 
elaborate precautions.    Modifications of the crystal coupling 
circuit and the i-f input stage are in process and show promise. 

!    4 
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A number of "radar-width" curves (curves of output error 
signal versus target or signal generator deflection) have been taken 
and are reproduoed in figures 10, 11, 12 and 13.    The degree of 
linearity was found to be adequate.    (The sensitivity, or the angle 
at which saturation ooours, is adjustable by means of a directional 
sensitivity control.)    The fact that no reversals of the sense of 
the information were observed out to large error angles was particu- 
larly gratifying,    rtgures 10 and 11 are ibr air path only. 

Jftgure 12 shows the distortion of the radar width curve due to 
the interposition of a plane polystyrene window in the path.    The 
window was almost exactly l/4 wavelength thick, so that reflections 
from the two faces interfered constructively. 

Figure 13 shows how the distortion is removed by doubling the 
polystyrene thickness, for destructive interference.    All curves 
were taken by rotating the antenna relative to the window with the 
antenna mouth plane about 1 foot from the window.    Thus, reflected 
wave phase relations change very rapidly with angle, and the t est 
is quite rigorous. 

These tests are of importance on several scores.    First, they 
represent the first over-all test of the intelligence system. 
Second, they indicate that with a properly designed radome, radorae 
shapes other than spherical may be permitted if the aerodynamic 
properties are improved thereby.    Third,  they suggest that the 
radome now mounted in the experimental airplane may not be suitable. 
This radome has a thiakness of 5/32 inch, which is approximately 
l/5 wavelength (in the dielectric).    This thickness is quite close 
to l/4 taivelength and may v.'ell jive rise to phenomena similar to 
those observed with the single window.    The effect may be reduoed 
to tolerability by the fact that the rado:ne-antenna spaoing is 
greater in the airplane.    Measurements are planned, but various 
factor« have prevented their completion at this time. 

The apparatus has been mounted in a specially equipped air- 
plane for flight tests.    Two views of the apparatus, less antenna, 
are shown in Figure 14.    The antenna was shown in the last 
Progress Report.    In the firBt test,  good tracking was obtained 
on ship targets, but not good directional information.    The latter 
effect may have been due to switch tube misbehavior; one tube 
failed about 1/2 hour after the tests.   Also, radome effects may 
have contributed to this end.    Ranges observed on this test v.ere 
limited to 6 or 7 (nautical) miles on ships, 9 miles on a fairly 
large hangar.    It was subsequently observed that the sensitivity 
of the receiver was approximately 17 decibels below normal, due 
to a faulty crystal (mixer) and a maladjustment of the i-f input 
circuit. 

In subsequent tests in the airplane, a series of minor diffi- 
culties with power supplies,  broken connections,  etc, prevented 
further traoking experience, or much more accurate range deter- 
mination,    however, very strong echoes have been received from 
unidentified land objects at ranges out to 20 miles, under circum- 
stances such that failure to observe them at greater ranges was 
coincidental. 

t 
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2. Miniaturization and Development of Improved Components 

(a) R-f Development 

A refined switch section was developed for lower insertion loss. 

Development of the untuned mixer with directional couplers for 
local oscillator injection is proceeding. 

New antenna development is being expedited. The recent shift of 
emphasis to powered versions and smaller versions has affected the 
oourse of this development. Since the powered versions will probably 
not employ pitch homing, scanning is required only in azimuth. Con- 
sequently, attention is now concentrated on development of a smaller 
antenna of higher gain. Intimation on the multiple feed for a lens 
or dish is now being assembled, but less is expected of this type 
than of a second, now being investigated. The second type is a 
polyrod array as a primary radiator, vith rapid scan obtained by 
switching the point of feed. A second array is to be used for trans- 
mission in initial dasigns, at least, to avoid firing the switch 
tubes with the transmitted pulse. This last effect would be harmful 
to minimum range performance because of switch tube recovery time. 

2K45 klystrons (the thermal tuned variety) have been received 
and their properties havo been noted. The AFC  unit is to be re- 
designed to accommodate their thermal time lugs without oscillation. 
The new mixer will be "packaged" on the assumption that these tubes 
will be employed rather than the 2KZ5. The 2IC45 is now the preferred 
tube; in addition, it will not be necessary to provide access to a 
meohanical tuning adjustment. 2J51 magnetrons (tunable from 0,500 to 
9,600 mo; otherwise similar to 2J56-2J6S tubes) have been received 
but not experimented with. Sufficient 2J65 und 2J56 tubes are 
available for present experiments; it will presumably be some time 
before the tunable feature is required. 

ilrst experiments on the possible use of the 3C45 in place of 
the 4C35 as the modulator thyratron show that present tubes cannot 
be expected to have a long life under such severe overload condi- 
tions. However, the fact that a life of SO hours was observed 
with one tube and 74 hours with another indicates that sufficient 
life may be attainable with only slight modification. A very con- 
siderable sice reduction would, of course, be obtained in this oase. 

(b) 1-7 Developments 

Effort    in the i-f field was directed toward locating and 
eliminating the cause of feedback in the coinmorcially made i-f strips 
and tovvard modification of the input circuit  £br lo-.Ter noise figure. 
Some progress was rcade in the further development of miniature ampli- 
fiers.        The printed circuit upproaoh for miniaturization is now 
being reopened. 
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(e)   Video Development 

Several items are under simultaneous consideration in the video 
circuitry» Receipt of iron-oored ooile of high Q apparently makes 
possible the construction of a 2,000-cyole master oscillator, with a 
net space saving over the 8,000-oyole master oscillator and scale of 
four counter now used to establish the 2,000-cycle repetition rate. 
New soanning gate generators based on counting rings are being 
studied as more economical replacements for the present gate generator. 
Use of a peak voltmeter rather than an energy meter to measure the 
information content of the gated control amplifier is being studied. 
The peak voltmeter would eliminate or reduce jitter in the directional 
inibrmvtion due to oscillation in the relative position of the gate 
and the target echo. 

Miniaturization of the video circuitry is proceeding on lower 
priority, this priority to be advanced when further types of miniature 
tubes are available. 

Ferfornance of a 60-cyole version of the electronic power supply 
was found adequate, and the packaging of 800-cycle (or 400-cyole; 
the Bupply is designed to work on either) version has been assigned 
to a service contractor. 

3.   Altimeter 

The development of an fl.1 altimeter has been started at the Emerson 
Radio and Phonograph Corporation. The apparatus will devexop a voltage 
proportional to altitude. Flyover tests have been completed to obtain 
data on the sensitivities required and on oprimum antenna arrangement. 

V.    PROPULSION 

A. STATUS OF DöTiiLOPUEUT 

Plans for the development of a propulsion unit for KINGFISHER were 
initiated during the current quarter. The Bureau of Aeronautics will super- 
vise the development of this unit, AS an interim device for the Type C 
missile, the liquid-fuel rocket motors of Projeot LARK are being oonsidered. 
A set thrust of 600 lbs. is required. 

•;f~ 
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A. STATUS OP DEVELOPMENT 

It ia planned to stabilize the antenna of KlifGHSHEB radar along the 
line-of-sight to the target. Stabilization to within f , without hunt, la de- 
sired. The antenna assembly, which will weigh approximately 30 lbs., will be 
free to move, with respect to the missile, ±45° in azimuth and ± 20 in pitch. 
It ia planned to effect the stabilisation by means of a free gyro and to 
preoess the gyro as the line-of-sight changes by meuns of the radar error sig- 
nal developed. 

Tentatively, it is planned to stabilize the missile in pitch and roll by 
means of a gyro vertical. The position of the reference axes is to be con- 
trolled by radar error signals. Control of direction in yaw motion will not 
be necessary because the KINSPLiHER turns by banking. An alternative system 
being given consideration is to stabilise in pitch and yaw by means of a free 
gyro spinning on the axis of roll and to stabilise in roll by means of an 
angular accelerometer. 

It is estimated that a servo system whicn will provide stabilisation of 
the missile must be capable of delivering l/3 H.P, to each flap of the bird. 

Progress on the development of components for the stabilisation system 
is reported below. 

B. CURRENT PROGRESS 

1. Antenna Stabilisation 

The double, or "Piggy Back", gyro system of antenna stabilisation 
which was described in the last progress report has been abandoned. Tests 
lndioate that nutation of the large gyroscope resulted in violent oscil- 
lations of the antenna. The large sise and weight of the wheel, plus the 
need for a large motor, were other objection to its use. 

Three other systems of motivation for the antenna stabiliser are well 
along in their development. 

In the first system, the antenna is bound rigidly to the airframe at 
all times through &ear and worm drives and a dutch mechanism. This 
system is under development by the Raymond ängineering Laboratories, Inc., 
and employs a refined version of the differential clutch shown in the 
previous Progress Report. In the later model of this clutch, both discs 
are driven at constant speed at all times, the differential gears are 
eliminated, and the tilting roller is attached to the output shaft so 
that it will rotate in either direction, dependent on the direction of 
roller tilt, and at a speed corresponding to the degree of tilt. The 
tilting action is controlled by a rod projecting through a hollow central 
shaft. Thus, the only mass which is reversed is the smt.ll roller and its 
arm, which have a relatively low inertia and are rotating at low spaeda. 
A schematic diagram of this devioe is shown in Figure 15, and a photo- 
graph of this device is shorn in Tigure 16* 
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In the second system, the antenna is bound to the airframe only 
through the stiffness of the radar cables and the friction of the gimbal 
bearings. Disc clutohea are being used. If the proper materials are 
chosen for the clutch faces, the coefficient of friction can be kept at 
a constant value, independent of the speed. The output of such a clutch 
can be considered to be a pure torque «hose value is independent of the 
antenna position. In this manner, the inertia of the antenna helps to 
hold it steady. The anti-hunt mechanism must depend on the space angular 
velocities of the antenna and not on its velocities relative to the 
air frame. The f.  H. Shepard Laboratories are developing this system. 

The third system, which is being built at NBS, is intermediate to the 
other two systems in the degree of rigidity with which it is attached to 
the airframe. It employs small, high-speed, low-inertia, two-phase motors 
which are geared to the antenna. The antenna is then free by the ratio of 
its Inertia of the motors multiplied by the square of the gear train ratio. 
The chief virtue of this system is the space economy which it makes 
feasible. The motors (and possibly the amplifiers) can be mounted 
directly on the antenna gimbal, thus freeing valuable airframe space for 
other equipment. As a test of whether this conventional system was appli- 
cable to antenna stabilization, it was applied to an artificial antenna 
and airframe in the laboratory. Anti-hunt was applied by mixing the 
output of a small generator vith the error signal. This generator was 
geared to the antenna, so that its voltage was proportional to velocity. 
With tha proper ratio of this inverse feedback to the error signal, the 
whole system could be made "dead beat." Tests conducted uy rocking the 
artificial airframo in one plane through a constant angle, at various 
velocities, showed that the antenna held its space orientation within 

$ 
for accelerations up to one radian per second squared, and within 
for accelerations of five radians per second squared.  Figure 17 is 

a photograph of a full-size dixxmy antenna mounted in a gimbal and the 
forward frame in such a way as to permit the antenna to look 25° both up 
and down, and 60° both to the port and starboard. Provision has also 
been made for mounting a free gyro on the side of the antenna and allow- 
ing it to project through the gimbal frame. Sufficient space is available 
towards the stern of the antenna for the radar gear, and the whole 
assembly will fit into the present BAI radome. 

Each of the three antenna stabilization systems employs a free gyro 
as a space reference, in which the error information is picked up by 
photoelectric means. Vork has been progressing on modifications to the 
Hark 18 gunsight £yro for this purpose. In Figure 18 are shows two 
modifications to the Hark 18 gyro. This method has the advantages of 
not imposing any processional forces on the gyro and of giving a high 
order of sensitivity and a high voltage output. The gyro on the left 
employs a single phototube which is scanned by a rotating light beam 
reflected from the gyro mirror and swung in a circular path by an offset 
rotating mirror. Directional information is obtained by means of a 
commutator on the shaft of the rotating mirror. The gyro on the right 
employs four miniature phototubes illuminated directly by the light beam 
reflected from the gyro mirror. This eliminates the rotating mirror and 
the commutator but increases the number of tubes necessary in the differ- 
ence and amplifier circuits. Experiments have indicated that, by use of 
this modified gyro, it should be easy to slave the antenna to the radar. 
All that is necessary is to rewind the precession coils already in the 
Mark 18 unit and couple them to the radar output through conventional 
diodes. 
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A pitch and yaw simulator for testing the antenna Btabilizer is now 
under construction. It consists of a large gimbal in which the whole 
forward assembly (including the antenna, ita gimbal, the free gyro, and 
the servo mechanism) can be mounted. This can then be made to pitch 
and yaw, either simultaneously or independently, by means of variable 
speed drives, and the stability of the antenna measured. It is intended 
to compare the three systems of stabilisation now under development. 

2. Main Control Servo 

Two driving mechanisms are under development for the operation of 
the main control surfaces. The first of these is a refinement of the 
rapidly meshed gear olutoh first employed by HBS for the EAT. friction 
drive wedge or "V" gears are employed rather than the toothed gears 
formerly used. Two female gears are constantly driven in opposite 
directions and a centrally located male gear is engaged to one or the 
other by means of a solenoid, energized from the gyro and radar ampli- 
fier circuits. This central gear then drives a lead screw and nut which 
operates the control arm. It is hoped that proportioning control may 
be obtained by allowing some slippage of the wedge gears. 

The second method is being studied by the Raymond Engineering 
Laboratories, Inc., and employs a further modification of the differential 
olutoh. In one version, three or more tipping rollers are used in an 
arrangement similar to that described for the antenna stabilisation. In 
another version, the roller arm is hinged and has a roller on each end, 
one end engaging a conical disc and the other a flat disc, and by tipping 
the roller on the conioal disc, differential action over a large speed 
range is obtained. 

Some preliminary consideration and design calculations have also 
been made on the development of a self-contained hydraulic unit which 
would be completely sealed and installed as a paokage. 

Considerable progress has been made in the development of the angular 
accelerometer as a pickup for roll stabilization. Progressive models are 
shown schematically in Figure 19. The first model, previously described, 
employs a spring to center the inertia element. Angular acceleration 
causes a slight motion of this element relative to the frame which, in 
turn, unbalances a differential transformer by movement of the iron core. 
In the second model, the spring was replaced by the magnetic force between 
the armature attached to the inertia element and the central leg of an "Ef 
core differential transformer with the primary in the center. This moving 
element also changes the area of the air gap between it and the outer 
legs of the transformer, thus unbalancing the secondary voltages. Using 
a similar principle, a much smaller instrument (i.!odel 3 in Figure 19) 
was developed. This model is only three inches long in its greatest 
dimension. It, too, employs magnetic centering, but the output is obtained 
by varying the lengths of the outer air gaps by a rocking motion about a 
bearing in the inertia element. 

Since the accelerations involved are of the order of one radian per 
second squared, the forces applied to the instrument are very small. How- 
ever, the first model had a sensitivity of 10 mv per radian per second 
squared, the second model gave up to 100 mv, while the miniature model has 
an output of 50 mv for the same acceleration. 
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A.    STATUS 07 DEVELOPMENT 

The primary source of energy both for the radar and the two stabilization 
systems  1B the air stream.    Tiro generators, driven by one or two variable-pitoh 
oonstant-apeed windmills, are to be used.    The radar generator will supply 
approximately 1 lew at 400 ops; the servo generator will have similar oapaeity, 
but the exact form of the output awaits further definition of Bervo requirements. 

First models of the power supply have been built and found satisfactory in 
laboratory tests. 

B.    CURRENT PROGRESS 

The constant-speed windmill and the a-o/d-c generator converted from the 
Eclipse Type 800-1-i) motor generator, which were both described in (Quarterly 
Progress Report No. 1, were assembled and tested in the high-speed 12-inch 
wind tunnel.     Figure 20 is a photograph which shows the complete power supply 
in the wind tunnel.    Oscillographio records were made of the outputs over a 
wide range of load conditions.    Regulation of the a-c voltage and interaction 
between the d-c and a-c sides were both ^ood. 

The speed regulation characteristics of the constant-speed windmill were 
within  ±1% under all load conditions.    However,  an air velocity of ZOO knots 
was required before the windmill could drive the generator under full load. 
A new model of this windmill has been designed with 8 blades instead of E and 
with a larger hub diameter.    This unit should be capable of delivering more 
than sufficient power for any generator load now envisaged.    Fitch limit stops 
have also been incorporated to remove any chance of reversal when starting 
under load.    An order has been placed for limited production of this latest 
design. 

The generator previously described was capable of sufficient power output 
and has good regulation.    The frequency of the a-c side was 800 cps and the 
speed of rotation was 8,000 rpm.    It is felt that a lower speed is more 
desirable for operation with the windmill drive, and that 400-cycle a.c.  is 
more desirable with presently available control motors and gyroscopes.    Hence, 
a new modification of the Eclipse i.totor Generator Type 800-1-i) has been made. 
This machine has new windings throughout except for the d-c armature and has 
the following ratings: 

A.C. Ü.C. 

Volts 
Amperes 
Speed 

126 
7.5 

4,000 rpm 

12 
60 

The machine will withstand considerable overload.    Alternating voltage 
regulation is achieved by saturating the field of the a-c generator.    As a 
result,  so long as there is a constant load on the a-c generator, large load 
changes in the d-c load result in very little change in a-c output voltage. 
Since this method eliminates the use of carbon pile regulators' and a recti- 
fier, further teats are under way to determine the suitability of this as a 
final design. 

r 
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A. STATUS OP DEVELOPMENT 

Tha instrument «ystem developed for BAT« with aorae improvements, ia being 
uaed fbr KING PIS HER flight tests. This system includes two recording cameras 
within the missile and two ground stations for obtaining trajectory data by 
optical methods. The cameras within the missile are enclosed in rugged eases 
to preserve the records from damage caused by impact. One camera photographs 
an instrument panel and the other, the view directly ahead of the missile. 

Consideration is being given to telemetering systems to supplement the 
present photographic reoord system. 

B. CURRENT PROGRESS 

A number of existing telemetering systems have been studied but none of 
these will handle the small voltages from strain gages (such as might be used 
to measure hinge moments) without the addition of d-c amplifiers or other de« 
vioes to raise the low voltage to an adequate modulating level. It has been 
found that -the pulse-time telemetering system under development at NBS can be 
uaed to handle strain gage outputs directly by using saturable reactors as 
phase modulators« It appears that a considerable saving in space and com- 
plexity is possible by use of this scheme. 

Receiving systems for telemetering have been investigated with the objeot 
of simplifying the field installation required. A simple reliable system 
appears to be as follows. In the receiver, the reX'erence pulse triggers a 
horizontal switch on a oathode-ray oscillograph. The channel intelligence 
pulses are applied to the intensity grid and appear on the screen as a succes- 
sion of dots, eaoh of which may be moved laterally by appropriate modulation 
in the corresponding channel, A film moving vertically records the channel 
signals. This recording system is much simpler than many others which require 
electronic switching for ohannel separation and power amplification for driving 
recording oscillograph elements. In tills receiver, the effect of noise pulses 
is not as serious as is the case v.-ith some other systuns.  It is necessary to 
separate the reference pulses from the channel intelligence pulses, but a oar- 
tain amount of random noise can be tolerated since there is no electronic 
switch to be thrown out of synchronization, AS lonr as the horizontal sweeps 
are properly synchronized, the channel sequence is not disturbed. Another 
pronounced advantage in this receiver is that failure of any one or more 
channels does not affect the remaining channel synchronization. 
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Navy Department 
Washington 25, D. C. 
Attention:    Re9 

Chief of the Buroau of Ordnanoe 
Navy Deportment 
Washington 25, D. C. 
Attention)    Re9d 

Chief of the Bureau of Ordnanoe 
Navy Department 
Washington 25, D. C. 
Attention:    Ad3 

Chief of the Bureau of Ordnanoe 
Navy Department 
Washington 25, D. C. 
Attention:    (te9g 

Guided His silos Committoo 
Joint Rasooroh and Development Board 
New War Department Building 
Washington 25, D. C. 

Commanding General 
Army Air Foroes 
Washington 25, D. C. 
Attention:    AC/AS-U; DHE-3 

Commanding General 
Air Material Cosmand 
Wright Field, Dayton. Ohio 
Attention:    TSEON-2 
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h5 to 50 Chief of the Buroau of Aoronautios 
Navy Deportment 
Washington 25, D. C. 
Attention s    TD-k 

51.52*53 Chief of the Bureau of Ships 
Ko-vy Dopartrcont 
Washington 25, D. C. 
Attontion:    Codo 3^3 

3k Chiof of Chemical Corps 
Room 2+E589, Pentagon Building 
Washington 2Jj, D. C, 

55»56 Chiof of Neval Rosoarah 
, Huvy Department 
I Washington 25, D, C. 
i Attontion:    Toohniool Information Soo. 

i 57 Chiof, Guidod Missiles Branch 
[ Toohniool Command 
1    , Edgowood Arsenal, Maryland 

' 58 Commanding Gonoral 
, Abordoon Proving Ground, Maryland 

Attontion:    Ballistio Rosocroh Laboratory 

59 Conmcnding Gonoral 
Proving Ground Commend 
Eglin Fiold, Florida 
Attontion:    First Experimental Guidod 

Mis silo s Group 

60 Commending Cffioor 
Antiairorcft Artillery School 
Fort Bliss,  Texas 

61 Commanding Off loo r 
Frankford Arsenal 
Fhiladolphia 37, Pennsylvania 
Attention:    Firo Control Design Division 

62 Commanding Offloor 
Naval Air Mate rial Center 
Fhiladolphia, Pennsylvania 

63 Commanding Offioer 
NOVDI Airoroft Modifioction Unit 
Johnsvillo, Pennsylvania 
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67 

68 

6? 

70 
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75.76,77 

78 

79 

80 

81 
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Commanding Offioor 
Sigaal Corps Enginooring Laboratories 
Bradley Boaoh, Now Jorsoy 

Commanding Off ioor 
U, S. Naval Air Mis silo Test Conto r 
point Mugu,  California 
0/0 U.  S. Naval  Station 
Port Huenamo, California 

Commanding Offiaor 
U. S. Naval Ordnanco Tost Station 
Inyokorn, California 

Commanding Offioor 
Wondovor Field 
Wondovor, Utah 

Dirootor, David Taylor Model Basin 
Washington, D. C. 
Attontion:    Aero Hoohanics Division 

Dirootor, National Advisory Comuittoo 
for Aeronautios 

1500 Now Hampshire Avonuo, N, W. 
Washington, D. C. 
Attontion:    Mr. C. H. Holms 

Dirootor, Naval ttosoarah Laboratory 
Anaoostia Station 
Washington, D» C. 

Dirootor,  Spooial Doviooa Contor 
Offioo of Naval Bosoaroh 
Sands Point 
Port Washington, Long Island, Now York 
Attontion:    Toohnicol Informr.tion Desk 

Dirootor, U. S. Navy Eloatronias laboratory 
San Diogo, California 

Boad of Fostgraducto Sohool 
IT,  S. Ncvnl Aoadomy 
Annnpolis, Maryland 

Naval Liaison Off ioor 
Signal Corps Enginooring Laboratory 
Fort Monmouth, Now Jorsoy 
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83.81» 

85 

86 

87 

86 

89 

90 

91 

92 

Of floe of 'the Chief of Ordnance 
Be sea roh and Development Servioe 
Rocket Development Division 
The Pentagon Building 
Washington 25, D. C. 

Office of the Chief Signal Officer 
Engineering and Technical Services 
Engineering Division 
The Pentagon Building 
Washington 25, D.  C. 

Officer-in-Charge 
Naval Ordnanoe Laboratory 
Naval Gun Factory 
Washington 25, D. C. 

Officer-in-Charge 
Research and Development Serviae 

Suboffioe  (Rocket) 
Fort Bliss, Texas 

Wat sou Laboratories 
Air Materiel Command 
Ea tont own, New Jersey 

Watson Laboratories, AMC 
Cambridge Field Station 
230 Albany Street 
Cambridge 39» Massachusetts 

Aviation Supply Officer 
Oxford Avenue ft Martin's Mill Road 
Philadelphia, Pennsylvania 
Attention 1    Captain Welborn 

Bureau of Aeronautios General Repre- 
sentative - ED 

90 Churoh Street 
New York 7, New York 

Bureau of Aeronautios General Repre- 
sentative - CD 

Wright Field, Dayton, Ohio 

Bureau of Aeronautios General Repre- 
sentative - 1/tii 

62U Van Nuys Building 
Los Angeles ll», California 

(C..s±. •*. v.^u/j. wü^ M 
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93 to 97 

98 

99 

100 to 103 

101* 

105 

106,107 

108 

109 

110 

111 

NAME AND ADDRESS 

Chief of Naval Operations 
Navy Department 
Washington 25, 0. C. 
Attention:    Op-57 

Commander in Chief 
U. S. Atlantic Fleet 
o/o Postmaster 
New York, Mew York 

Commandor in Chief 
U. S. Pacific Fleet 
c/o Postmaster 
San Francisco, California 

Commanding General 
Army Air Forces 
Washington 25, D. C. 
Attention:    kC/hS-hl DHE-3 

Commanding General 
Army Ground Foroes 
Fort Monroe, Virginia 
Attention:    Chief of Development Seotion 

(GNDEV-9) 

Commanding Gonurol 
Aberdeen Proving Ground, Maryland 
Attention:    Ballistio Rosoaroh Laboratory 

Commandant of tho Marino Corps 
Boadquorters, U. S. Marine Corps 
Washington, D. C. 
Attention:    G-3 (Special Wonpons) 

Commandant, 
Annod Foroos Staff College 
Norfolk 11, Virginia 

Commander, Naval j':ir Tost Center 
Pntuxent River, Maryland 
Attention:    Dirootor of Tests 

Commending Offioar, 
Novel Air Experimental Station 
Philadelphia, Ponneylvnnin 
Attention:    Suj.t. „EL 

Commanding Offloor, 
Novol Avintion Ordminoo Tust Station 
Chineoteogue, Virginia 
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115 

116 
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117 

118 

119,120 

121 

122 

123 

12^ 

125 

Commando r, Oporntional Development Foroo 
o/o Floot Post Office 
Now York, Mow York 

Dirootor of Rs search ond Developmont 
War Dopnrtmunt General Stoff 
Tho Pentagon Building 
Washington 25, D.  C. 

Dirootor,  Soaooast Sorvioo Tost Sootion 
Army Ground Foroos Board No. 1 
Fort Baker,  California 

Head of Ordnanoe and Gunnory 
U.  S. Naval Aoadojny 
Annapolis, Maryland 

Offioo of tho So era to ry of War 
Tho POntcgon Building (jfcw 3-E-880) 

Washington 25, D» C. 

Ordnanoo Advisory Conmittoo on Guidod Miaailos 
Gone re 1 Ändio Company 
275 Massachusutts Avonuo 
Cambridgo 39, Massaohusotts 
Attention:    Dr. H.  B.  Riohmond 

Frosidont, 
Army Ground Foroo a Board No. 1 
Fort Bragg, North Carolina 

Pro aidant. 
Army Ground Foroos Board No. ij 
Fort Bliss,  Taxas 

Profossor of Ordnunco 
U.  S. Military Aondony 
West Point, Now York 

Secretary, Air Tu otic nl Sohool 
Air University 
Tyndall Fiold, Florida 
Attention:    8o soar oh and Dovolopment Div, 

fioorotary,  Spooisl Bor;rd 
Commandant of tho Hnrino Corps 
Marina Corps Schools 
Quontiao, Virginia 

Offioo of Chief Signal Offioor 
Bngincoring & Toohniacl SorvioeB 
Enginooring Division 
The Pentagon Building 
Washington 25, D. C. 
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126,127. 
126 

129 

NA!.X AND j:wmss 

Pfl-e S3 

TftANSMITTED VIA 

130 

131 

132 

133.13U 

135 

136 

137 

138 

139 

Applied Physios Laboratory 
Johns Hopkins University 
Silvar Spring, Maryland 

Boll Aircraft Corporation 
Niagara Falls, Now York 
Attontion:    Mr. R. H. Stanley 

Bell Aircraft Corporation 
Niagara Falls, Now York 
Attontion:    Mr. B. Uamlin 

Boll Tolophono Loboratorios 
Murray Hill, Now Jorsoy 
Attention:    Dr. W. A. MaoNair 

Bondix Jiviation Corporation 
Spoeir.l Produots Eovolopmont, Vfost 
ll600 Shannon Way 
North Hollywood, California 
Attontion;    Mr. S. M. »issell 

Bondix Avintion Corporation 
Spooial Produots Dovolopmont, East 
Totorboro, Now Jorsoy 
Attention;    Dr. Hhrnor Solvidgo 

Boeing Aircraft Corporation 
Seattle l4, Washington 
Attention:    Mr.  R. H. Nelson 

Consolidatud-Vultoo Airornft Corp. 
Lono Star Laboratory 
Daingorfiold, Texas 

Consolidatod-Vulteo Aircraft Corp. 
Downey, California 
Attention:    Mr. C.  S. Irvine 

Consolidatod-Vulteo Airorr.ft Corp. 
Downey, California 
Attention:    Mr. W. 1». Robinson 

Cornell Aoroncutioal Laboratory 
Buffalo, Now York 
Attontion:   Dr. C. C. Furnas 

Dovolopmont Contract Officer 
APL/JHO 
8621 Goorgic Avenue 
Silver Spring, Maryland 

Bureau of Aeronautics (top. 
Cornell Aeronautical Lab. 
Box 56 
Buffalo, Now York 

Eevelopnont Contract Offioer 
Consolidated-Vulten Air0raft 

Corporation 
Da Ingo rf laid, Texas 

Representative-in-Charge 
BuAer 

Consolidatod-Vulteo Aircraft 
Corporation 

Vulteo Field 
Downey,  California 

Development Contract Offioer 
Cornell Aoroncutioal Lab« 
Buffalo, Now York 
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TBAM3<ITTED VIA 

1L7 

11(6 

li»9 

Curtis s-Yfright Corporation 
Columbus, Ohio 
Attention:    Mr. Bruoo Eaton 

Curtisa-Wright Corporation 
Columbus, Ohio 
Attention:    Mr.  R. Dorby 

Douglas Airoraft Company 
El Sogundo Brcnoh 
El Segundo,  California 
Attrition:    Mr. E. H. Hoinomonn 

Douglas Airoroft Company 
3000 Oouan Boulovard 
Santa Monioa, California 
Attention:    Mr. K. E. Raymond (1) 

Mr» E. F. Burton (1) 

Eastman Kodak Company 
Kovy Ordnanao Division 
Hoohostor, Now York 
Attention:    Dr. Horbort Trotter 

Fairohild Engine & Airplnno Corp. 
Filotloss Piano Division 
Jama ion, Long Island, Now York 
Attention:   Mr. J. A. Slonin 

The Franklin Instituto Laboratories 
for Boson roh and Dovolopmsnt 

Philadelphia, Pennsylvania 
attention:    fir.  R. H. MoClarron 

Gonernl £lootrio Company 
Projoot Börnes 
Sohonootndy, Now York 
Attention:    Dr.  R. W. Porter 

Gonernl Elootrio Company 
Federal * Marino Commoroir. 1 Division 
Sohencotady, New York 
Attontiont    J. W. Friek 

Buroau of Aeronautics Ropre- 
sentativo 

Curtiss-1/iiright Corporation 
Columbus 16, Oj,io 

Bureau of Aeronautics ftp pre - 
sentativo 

Douglas Aircraft Company 
El Sogundo, California 

Naval Inspector of Ordnance 
Navy Ordnnnoo Division 
Eastman Kodak Company 
50 West Mein Streut 
fioohestor 24, New York 

Bopre sontat ive - in-Cha rgo, BuAa r 
Fairohild Engine & Airplane 

Corporation 
Pilotloss Piano Division 
18li-10 Jnmcion, Long Island, 

Now York 

Commanding Officor, 
Naval Airorcft Modification 

Unit 
Johnsvillc, Pennsylvania 

Davelopnont Contraot Officer 
Gonorr.l Elootrio Company 
Sohonootndy, Now York 
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151 

152 

153 

iA 

155 

156 

157 

158.159 

160 

Gonorol Elootrio Company 
Aviation Division 
Sohonootcdy, Ifow York 
Attention 1    Mr» S. A« Sahulor, Jr. 

Mr. Phillip Clr.ss 

Glenn L. Martin Company 
Baltimore, Mary lend 
Attention:    Mr. W. K. Ebol 

Glonn L. Martin Company 
Baltimore, Maryland 
Attontion:    Mr. IV,  E. Borgern 

Goodyoar Alroraft Corporation 
Akron, Ohio 
Attontion:    Dr. Cnrl Amstoln 

Goodyear Aircraft Corporation 
Akron 17, Ohio 
Attontion:    Mr. ->. J. Po tor son 

Orumman aircraft Engine ortag Corp« 
Bethpago, Long Island, Now York 
Attention:    Mr. VJm. T. Sohwondlor 

Biighos Alroraft Company 
Culver City, California 
Attention:    Mr. R. fc. Hoppor 

Hughs s Airornft Company 
Culvor City, California 
Attontion:    Mr. D. H. Evans 

Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena h, California 

Kaiser Flootwings, Inc. 
Bristol, Pennsylvania 
Attention:    Mr. Carl DoOonahl 

Bureau of Aoronr.utios Bo pre- 
sentativo 

Glenn L. Mortin Company 
Baltimore 3, Maryland 

Bureau of Aeronautics Repre- 
sentative 

Ooodyoor Alrorcft Corporation 
Akron 15, Ohio 

Buroau of Aoronr.utios Re pre - 
sentativo 

Grammar aircraft Engineering 
Corporation 

Bothpago, L. I., New York 

Buroau of Aeronautics SJopre- 
sentative 

Douglas Aircraft Company 
El Segundo,  California 

Offioer-in-Charge, BP so a roh end 
Dovolopmont Service 
Suboffioo (Bocket) 

California  Institute of Technology 
Pasadena U, California 

Buroau of Aeronautics It pre - 
sontativo 

Kaisor Flootwings,  Ino. 
Bristol, Pennsylvania 
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TRANSUTTED VIA 

l6l KG Hex Corporation 
Now York, Now York 

168 M. W. Kellogg Company 
Joraoy City, How Jorsoy 

16} SJ. "(V. Kollogg Company 
Foot of Danforth Avonuo 
Jorsey City 3, Now Jorsoy 
Attont ion i    Dr. a. H. Mossorly 

lä+,165        Chnirman, MIT,  CMC 
Projact Motoor Off loo 
Massachusetts Instituto of 

Toohnology 
Cambridge, Massaohusotts 

166 McDonnoll aircraft Corporation 
St. Louis, Missouri 
Attentions    ilr. H. A. Stool 

I67 McDonnoll Alrornft Corporation 
St.  Louis, Missouri 
Attontion:    Mr.  G. V.  Covington 

166 North Americnn Avintion,  Inc. 
Los Angolos,  California 
Attention 1    Dr. 7ftn.  Bo Hoy 

I69 Northrop Aircraft, In«. 
Hawthorno, California 

170,171        Princoton University 
Physics Dopnrtncnt 
Princoton, Now Jorsoy 
Attention 1    Dr. H. D. Smyth 

Dr. John A. Whooler 

172,173,      Princeton University 
17b Princeton, Now Jersey 

Attention 1    Projoot SQUID 

175 Radio Corporation of Amorioa 
Prinaoton, Now Jorsoy 
Attontion»    Mr. A. TY. Vanoe 

'Inspector of Naval Mot'l 
30 Church Struct 
New York 7, New York 

Inspector of Naval Mat'l 
1020 Broad Stroot 
Nowark 2, Now Jersey 

Navy Ordnnnoo Bosidont 
Technical Liaison Offioor 
Jtoas. Institute of Toohnology 
Boom 20-C-135 
Cr.mbridgo 39. Massachusetts 

Bureau of Aeronautics Ropro- 
sontntivo 

MoDonnoll Aircraft Corporation 
P. 0.  Box 516 
St. Louis, 21, Missouri 

Bureau of Aeronautios ttesidont 
Be pro sent a t ivo 

Municipal Airport 
Los Angolos b,5, California 

Dovolopnont Contract Offioor 
Frinooton Univorsity 
Prinooton, Now Jersey 

Commanding Offioor, Branch Offlea 
Office of Naval ftesoaroh 
90 Churoh Struct  (ftn. 1116) 
New York 7, New York 
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176 

177 

178 
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TRANSMITTED VIA 

tfriythöon Manufacturing Company 
Wnlthron, Mnssaohusutts 
At tontion:    Mr« R. C.  Snundors 

Bo public Aviation Corporation 
Military Contraat Dopnrtmont 
Famingdalu, Long Islrmd, How York 
Attention:    Dr. Yfilliam 0'Donnoll 

Ryan Aeronautical Conpr.ny 
Lindborg Fluid 
San Diego 12, California 
Attention:    Mr. B, T. Salmon 

179 S. W. Marshrll Company 
Shorehcm Building 
Washington, D.  C. 

180 Sporry Gyrcsoopa Co.,  Ino. 
Groat Nock,  Long Island, How York 

181 Sporry Qyrosoopo Company 
Gordon City, Now York 
Attention:    Mr. G. E. Vihito 

182 Unitod Airoraft Corporation 
Chnnoo Vought Airoraft Div. 
Stratford,  Connecticut 
Attention:    Mr. F.  S. Bakor 

183 United Airoraft Corporation 
Bösen roh Eapnrtroant 
East Hartford, Connoatiout 
Attention:    Mr. John G. Lee 

(.81» Univorslty of llichigon 
Dept. of Engineering Sasse roh 
Ann Arbor, Miohigan 
Attention:    Mr. Robt. F. May 

Mr. M. B. Small 

185 university of Toxas 
Defense Research Laboratory 
Austin, Toxas 
Attention:    Dr. C. P. Boner 

186 Villys-Cvorland Motors,  Ina. 
Maywood, California 
Attention:    Mr. Joe Tolloy 

Inspootor of Naval Material 
Fork Square Building 
Boston 16, Massachusetts 

Inspootor of Naval Material 
I4OI Viator Stroot 
Baltimore 2, Maryland 

Inspootor of NüVEI Material 
30 Churoh Stroot 
Now York 7,  Now York 

Bureau of Aoronautics Roprosontativo 
United Aircrrft Corporation 
Chanoe Vought Aircraft Division 
Stratford 1, Connecticut 

Bureau of Aeronautics Representative 
United Aircraft Corporation 
Pratt ft Vfhitney «iroraft Division 
East Hartford 8, Connoctiout 

Development Contract Offiaer 
500 East 2i,th Stroet 
Austin 12, Toxas 

Hoprosontotive-in-Charge, BuAer 
Consolidated-Vulteo Airoraft Corp. 
Downey, California 
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187,188,     Dr. H. L. Drydon 
189 National Bureau of Standards 

190 Dr. B. J. Millor 
National Buronu of Standards 

191 Hr. Harry Diamond 
National Bureau of Standards 

19E Dr. A. V. Astin 
National Bureau of Standards 

193 Dr. E. U. Condon, Dirootor 
National Bureau of Standards 

I9U Ordnanoo Dovolojment Division 
Central FiloB 
(Ciroulatod to Soot ion Chiefs) 
National Buronu of Standards 

195 Ordnanoo Dovoloprcont Division 
Guided Mia silo 3 Filos (Library) 
National Bureau of Standards 
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