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UNITED STATES PATENT OFFICE i. 
2,419,024 

RAAO WEWANG SYSTEM 
Harley A. Hans, Princeton, N.J., assignor to Radio 
Corporation of America, a corporation of Dela 
Wale 

Application February 21, 1945, Serial No. 579,076 
(C. 178-6.6) 6 Claims. 

1. 
My invention relates to systems for viewing 

Scenes in darkness or obscured by fog, smoke or 
the like, and in particular it relates to systems 
of this type wherein the scene is recorded. 
An object of the invention invention is to pro 

Wide an improved method of and means for ob 
taining a view of a scene by utilizing radio Waves 
reflected therefron. 
A further object of the invention is to provide 

an improved method of and means for recording 
a Scene that is obscured by darkness, fog or the 
like. 
In practicing the invention, the radio waves 

from a Scene are imaged by means of a mirror 
Or a lens and this image is scanned by means 
Of a pick-up device Such as a detector or the 
end of a wave guide which is arranged to con 
duct the radiation to a detector. The signal 
from the pick-up device is amplified and supplied 
to a facsimile recorder or the like which is driven 
in synchronism with the scanning of the radio 
WaWe image Whereby a record of the Scene is ob. 
tained. 
The invention will be better understood from 

the following description taken in connection 
With the accompanying drawing in which 

Figure 1 is a view in perspective of one em 
bodiment of the invention, 

Figure 2 is a side view of the apparatus shown 
in Fig. 1, 

Figure 3 is a view in perspective of a wave guide 
Scanning arm that may be substituted for the 
SCanning arm shown in Figs. 1 and 2, . 

Figures 3a and 36 are cross-sectional and end 
Views, respectively, of a rotatable wave guide 
joint shown in Fig. 3, 

Figure 4 is a plan view of a second embodiment 
of the invention, 
Figure 5 is a side view of the apparatus shown 

in Fig. 4, 
Figure 6 is a perspective view of a third em 

bodiment of the invention, and 
Figure. 7 is a view that is referred to in dis 

cussing the operation of the invention illustrated 
in Fig. 6. 

In the several figures, similar parts are indi 
cated by similar reference characters. 

Referring to Figs. 1 and 2, the radio waves from 
a scene to be viewed are imaged by a concave 
mirror f such as a spherical mirror Supported 
by a shaft 9, the image being formed in the plane 
of a Swinging pick-up device. The waves from 
the scene are obtained by "illuminating' or flood 
ing the scene with radio waves of a wave length 
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ciently sharp image with an optical system of 
convenient size, but long enough to pass through 
clouds and fog. Wave lengths of about one cen 
timeter, for example, or shorter, are suitable. 
The pick-up device is mounted on a Scan 

ning arm 2 that is pivotally supported at 3 on 
the base of a facsimile recorder 4. The recorder 
i4, in the example shown, is of the Well known 
type comprising a rotatable drum 6 that has a 
sheet of current-sensitive paper wrapped around 
it. The drum 6 is rotated through suitable gear 
ing by a motor . - 
The recording stylus 8 is supported on a car 

riage block 9 that is supported in screw-threaded 
relation on a threaded rod 2 whereby the stylus 
8 is moved longitudinally along the drum 6 
when the rod 2 is rotated. The rod 2 is ro 
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tated through gears 22 by the motor 7 thus mov 
ing the stylus 8 along the drum 6 as the drum 
is rotated. 
At the same time, the pick-up device f is swung 

in the plane of the image from left to right and 
return during each complete rotation of the drum 
6 by means of a crank arm 23 that engages a 

slot 24 in the scanning arm 2. Also, as the 
stylus i8 moves along the drum f6, a link mem 
ber 26 that connects the stylus carriage block 
9 to an arm 27 of the mirror shaft 9 causes the 

mirror f0 to tilt, thereby moving the image in 
the vertical direction with respect to the pick-up 
device f. It will be apparent that as a result 
the complete image is scanned by the device fl, 
the scanning being rapid in the left-right or 
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horizontal direction and slow in the up-down 
or vertical direction. 
The pick-up device may be a crystal detector 

or the like as assumed in the example of Figs. 1. 
and 2, or it may be the end of a wave guide 
2' as illustrated in Fig. 3. The wave guide 2' 

is mounted on the facsimile recorder 4 in the 
same way the scanning arm 2 is mounted thereon 
with the pin of the crank arm 23 engaging a slot 
24'. 

50 

At the pivot point 3, the Wave guide 2' 
is provided with a rotatable joint 2a whereby 
the energy picked up at if' may be supplied 
through a wave guide section 26 to a suitable 
detector (or mixer) and amplifier not shown. 
As in the case of the embodiment of FigS. 1 and 2, 
the detected and amplified energy from the pick 
up device is supplied to the stylus 8 where a 
mark is made on the recording paper due to the 
current flow from the stylus. As is well under 
stood in the art, the mark is dark or light de 
pending upon the amplitude or density of the 

short enough to permit the formation of a suff- 55 current supplied to the stylus whereby a picture 
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corresponding to the image is obtained. With 
the scanning arrangement illustrated in Figs. 1 
and 2, two pictures will be obtained on the paper 
surrounding the drum is, one that is produced 
when the scanning arm 2 swings to the left and 
one that is produced when the scanning arm 2 
returns to the right. 
By employing the wave guide and concave mir 

ror combination at the transmitter, the scene 
may be illuminated by flying spot scanning. This 
transmitter arrangement is the reverse of the 
receiver combination of spherical mirror of 
Fig. 1 and wave guide of Fig. 3 in that the energy 
from the transmitter is radiated from the Wave 
guide opening toward the mirror . In the 
case of flying spot Scanning the transmitter and 
receiver scanning must be synchronized as is well 
underSt00d in the art, 

If the transmitter is pulsed, well known radar 
technique may be employed for utilizing a com 
non Wave glide and mirror combination for both 
transmitting and receiving. In a pulsed system 
there should be at least one pulse transrnitted for 
each desired picture element. Following radar 
practice, the receiver may be “gated' so that only 
echo pulses received during a certain time in 
terwal following traSmission of a pulse are applied 
to the facsimile recorder. Thus, a picture may 
be obtained showing only objects within a certain 
distance from the transmitter. 

Figs. 4 and 5 show an embodiment of the inven 
tion wherein the radio waves reflected from a 
scene are imaged by a suitable lens 3 which may 
be made of a low-loss dielectric such as paraffin, 
for example, and which may be two or three feet, 
in diameter. 
The motor IT and the recorder 4 are mounted 

On a platform 32 that has one end pivotally sup 
ported at 33 under the center of the lens 3. The 
other end of the platform 32 is supported on a 
pair of wheels 34 and 36. The wheel 36 is driven 
by the motor 7 through a belt 37 and pulleys 
38 and 39 so that the platform 32 is swung about 
the pivot point 33 as the recorder is operated. 
The lens 3 remains Stationary. Thus the pick-up 
end A of a wave guide 4 is moved horizontally 
at a slow rate across the image formed by the 
lens 3. . 
The end 48 of the wave guide scans the image 

in the vertical direction at a comparatively rapid 
rate, the motion being from hottom to top and 
return for each rotation of the drum S. This 
rapid vertical scanning is obtained by pivotally 
mounting one end of the wave guide is on a pair 
of supporting members 32 and 3, the said one 
end being opposite the horn of a wave guide is a 
leading to a detector (not shown). Instead of 
the pivotal mounting illustrated, a rotatable wave 
guide joint may be enployed. A member 44 at 
tached to the wave guide f has a slot therein 
corresponding to the slot 24 shown in Fig. 3. 
The slot in member if is engaged by a crank 
arm pin 36 that is driven by the shaft of the 
drun 6 whereby the wave guide A Oscillates up 
and down as the drum rotates. With this ar 
rangement the complete image is scanned without 
tilting the lens 3. It will be understood that 
the lens 3 may be replaced by a concave mirror 
if desired. . 

From the pivoted end of the wave guide 3 the 
energy picked up from the radio wave image is 
Supplied through additional wave guide structure 
(not shown) to a suitable detector and amplifier 
(not shown). As in the system shown in Figs. 1 
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4. 
and 2, the amplified signal is then supplied to the 
recorder stylus 8. 

Fig. 6 illustrates an embodiment of the inven 
tion where the notion of an airplane is used to 
p'gvitie the scanning motion in one direction, this 
scanning notion corresponding to the tilting of 
the Yirror in Fig. 1. - 
As shown in Fig. 6, a lens 5 is mounted in the 

botton of the plate to form an irriage of the ter 
rain below. The image of an object on the 
ground Sweeps across the path of a swinging wave 
guide 52 at a comparatively slow rate as the plane 
adiyarices. The Wave guide 52 is oscillated about 
a pivot point, 3 of a rotatable wave guide joint 
53d at a comparatively rapid rate by means of 
a crankarn pin (not shown) that engages a slot 

A stylus 54 is supported on an arm 59 that, 
in tirin, is pivotally attached at its ends to the 
wave guide 52 and to a supporting arm 6. The 
arm 6 is supported at a pivot point 62. Syn 
chronized with the speed of the plane, a sheet of 
curret, seisitive facsimile paper 53 is passed 
under the stylius 3: which is oscillated by the wave 
guide 5. The paper 53 is marked by the current 
fioW fro:32 stylus to paper as in usual facsimile 
recorders, thus producing a strip map of the route 
which i2S been covered. This map can be used 
to follow a river or railroad to the target. By 
Scanning a line S on the earth's Surface that is a 
certain distance ahead of the airplane, as indi 
cated in Fig. 7, time can be allowed for the re 
lease of the ioinb after the target has been iden 
ified. 
. The rotatable-valve guide joints referred to in 

connection with the preceding figures may be of 
the type shown in Figs, 3d and 3b, if desired. 
Saveral dimensions are given in inches in the two 
figures by way of example for the case where the 
wave length of the radio wave is substantially 
125 centineters. Figs. 3G and 3b are largely self 
Xia),8tCity but it, nay be noted that the ends Of 
the 'gave guides 2 and 2b contain plugs 66 and 
S, respectively, which provide “steps' opposite 
the circular wave guide elements 2c and 2a, re 

ectively, of the rotatable joint. These step por 
tions cause the radio wave from a rectangular 
wave guide to travel into and through the cir 
cular wave guide portions 2a and 2c and then 
into the other rectangular wave guide with but 
little loss in energy. The circular slot 63 and the 
associated ed. Spacing 69 act as a choke or filter 
to keep this radio waves from leaking Out of the 
joint. 

I claim as my invention: 
l, in combination, means for imaging radio 

Waves fictin a scene to be recorded, a radio wave 
pick-up device comprising a crystal detector, 
:leans for scanning the said radio wave image by 
said pick-up device and converting the energy 
thus picked up into an electrical signal, a fac 
inile recorder, means for operating said recorder 
in Sycaroshism with said Scanning, and means 
for supplying said signal to said recorder where 
by a pic:ure of said Scene is recorded. 

2. In combination, means for imaging radio 
waves frcin a scene to be recorded, a radio Wave 
pick-up device comprising a wave guide, means 
for scanning the said radio Wave image by Said 
pick-up device and converting the energy, thus 
picked up into an electrical signal, a facsimile 
recorder, means for operating said recorder in 
synchronism with said scanning, and means for 
Supplying said signal to said recorder Whereby 
a picture of said scene is recorded. 

3. In combination, means for imaging radio 
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Waves from a scene to be recorded, a radio wave 
pick-up device, means for scanning the said radio 
wave image by said pick-up device and convert 
ing the energy thus picked up into an electrical 
signal, Said means for Scanning said image con 
prising means for moving said pick-up device 
comparatively rapidly across said image in One 
direction, and means for tilting said image com 
paratively slowly substantially at right angles to 
said one direction, a facsimile recorder, means 
for operating said recorder in synchronism with 
said scanning, and means for supplying said sig 
inal to said recorder whereby a picture of Said 
scene is recorded. 

4. A scanning device comprising a mirror for 
focusing radio waves, means for tilting said mirror 
about an axis to scan in one direction, a pick-up 
device for receiving said radio waves, and means 
for moving said pick-up device Substantially 
parallel with the axis of tilt of Said mirror. 

5. In combination, means for imaging radio 
Waves from a scene to be recorded, a radio Wave 
pick-up device comprising a crystal detector, 
means for scanning the said radio Wave image 
by said pick-up device and converting the energy 
thus picked up into an electrical signal, an image 
reproducing means, means for Operating Said 
image reproducing means in Synchronism with 
said scanning, and means for Supplying said Sig 
nal to said reproducing means whereby a picture 
of said scene is obtained. 
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6 
6. In combination, means for imaging radio 

waves from a scene to be recorded, a radio wave 
pick-up device comprising a wave guide having 
an open end positioned to receive energy from 
said image and having the other end mounted 
on and terminating in a rotatable Wave guide 
joint, means for scanning the said radio Wave 
image by said pick-up device and converting the 
energy thus picked up into an electrical signal, 
an image reproducing means, means for Oper 
atting said image reproducing means in Synchro 
nism with said scanning, and means for Sup 
plying said signal to said reproducing means 
whereby a picture of Said scene is obtained. 

HARLEY A. IAMS. 
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