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In support of the (Convention) Application made by:

DEUTSCHE FORSCHUMGS- und VERSUCHSANSTALT FUR LUFT- und RAUMFAHRT e.V. 
Linder Hohe, D-5000 Koln 90, Federal Republic of Germany 

for a patent for an invention entitled:
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X?X(We) Jurgen Sellmer and Ulrich Henckel 

of and care of the applicant company do solemnly and sincerely declare as follows:

a) I x x x

bpCffifiX(We are) authorised by the applicant^) for the patent to make this declaration on its behalf.

Delete the following if not a Convention Application. .

The basic application^) as defined by section 141 (XXX) of the Act was (1ΘΘ®3 made

on March, 12th 1987 in Federal .Republic of Germany

JSh

5½ JSC

by DEUTSCHE FORSCHUNGS- 
RAUMFAHRT e.V.

und VERSUCHSANSTALT FUR LUFT- und

The basic application^) referred to in this paragraph is (al©) the first application^) made in 
a Convention country in respect of the invention the subject of the application.

a) i «to kW«are)>th&: acfemkiw «nt orfs): «fithe<iJixewtiX)M.x x x x x

XX
b) Dr. Dieter Lorenz, Nordstr. 21, D-8126 HohenpeiBenberg, Federal

Republic of Germany

is (axe) the actual inventorfs) of the invention and the facts upon which Deutsche Forschungs-
und Versuchsanstalt fur Luft- und Raumfahrt e. V.

is (see) entitied to make the application are as follows:

The; applicant is a person who would Ly a patent were granted upon an application 
made by the actual inventor, be entitled to have the patent assigned to it.
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(57) Claim

1. An electromagnetic radiation detecting device
comprising at least one radiation detector for detection 
of electromagnetic radiation from a hemisphere 
corresponding to a solid angle 2 ft, the or each said 
detector including a receiving area for exposure to 
radiation from the respective hemisphere, a respective 
radiation - transparent hood covering the or each said 
detector, and a rotating chopper to alternately shield the 
or each said detector and associated hood from and to 
expose the or each said detector and associated hood to 
arriving electro - magnetic radiation, the chopper 
comprising a carrier member rotatable around an axis 
parallel to said receiving area of the or each said 
detector and at least one hollow semitubiform shielding 
member which is carried by said carrier member and which 
is curved in the axial direction of the hollow

.../2
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semitubiform shape, the axis of the shielding member being 
in a plane substantially perpendicular to the carrier 
member axis, the or each said shielding member being 
movable on a circular path by said carrier member to 

alternately shield and reveal said respective hood 
covering the or each said detector.
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The present invention relates to an electromagnetic 

radiation detecting device especially in equipment for 

measurements of electromagnetic radiation arriving from a 

hemisphere corresponding to the solid angle 2 JZor from the 

sphere corresponding to the solid angle AJZ.

Measurements of solar and terrestrial electromagnetic

radiation in a wavelength range of about 0.3 to 3 micrometres

of from 3 to 100 micrometres are carried out in the field of

meteorology par example in order to determine the radiation

balance, i.e. the difference between the radiation impinging 
Veul ία hi

on the earth's surface and the j.nd.iatemitted or reflee­

ted by this, and to determine its components. For this 

purpose, radiation from the entire upper and lower half 

hemisphere (each with a solid angle 2-77-) 3135 be detected 

and measured. Such measurements are nowadays performed not 

only by instruments in stationary locations, but also to an 

increasing degree by instruments in aircraft and space 

vehicles.

Various types of apparatus have been developed for such 

measurements. Such apparatus for example include a thermo­

couple with horizontally arranged, active solder junctions 

which are blackened and insulated from the rest of apparatus. 

In the event of incident radiation, the temperature of the 

active solder junctions increases relative to the temperature 

of the passive solder junctions, which are thermally 

connected with a relatively large mass of the apparatus. The 

resulting thermo-electric voltage is, optionally also with 

other measurement values such as the temperature of the 

passive junctions, a measure of the incomming radiation.

- 2
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To avoid an advective and a convective heat exchange with the 

ambient air, the thermocouple is generally covered by a wind 

protecting hood of a material transparent for the radiation 

to be measured, for example, glass, polyethylene or similar

5 material.

In order to further reduce‘heat exchange, two hemisperi- 

cal hoods can be mounted around the thermocouple; these are 

also made from radiation-transparent material.

Also known is an apparatus for measuring solar radiation, 

10 in particular as described in United States patent specifica­

tion No. 3 390 576, in which solar cells are arranged as 

detectors on a mounting plate and are enclosed by a dome, a 

hood or a glass bell.

In these apparatus operating with non-interrupted light, 

15 it is disadvantageous that there is a relatively large

inertia which is noticeable when the apparatus is used for 

example on aircraft. It is also disadvantageous that tempera­

ture changes of the instrument itself, especially temperature 

changes of the usually not completely transparent shielding

20 hoods, can signifigantly influence the measurement signals.

In order to reduce this influence, two concentric hoods have 

been provided. Nevertheless, the measuring accuracy of instru­

ments of that kind is still limited by, ip particular, con­

vection occurring underneath these hoods.

25 The disadvantages of these apparatus can be eliminated

through application of the method chopping the light, which

is state of art in instruments with a limited field of view

considerably smaller than the solid angle 2 IF. Thus, a

radiation detector, which has high sensitivity and low

3
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inertia, for example a semiconductor bolometer, a photoelec­

tric element or a pyro-electric detector, is mounted behind

an oscillating or a rotating chopper disc, which alternately 

exposes and shields the detector in relation to the radiation

5 to be detected. An optic system can be provided for focussing 

the radiation in front of the detector. The signal from the

detector is an alternating voltage which corresponds to the 

difference of the radiation fluxes from the target and the 

chopper disc and is not influenced by emission changes in the

10 optical system or the detector housing insofar as these are 

arised from the chopper.
t ■: ■

' Also known are apparatus for measurement of radiation as
ί

described in German (Federal Republic) published patent
ε
1 specifications Nos. 21 05 050 and 29 42 790. In these appara-

« < €
15 tus, a chopper, a optical filter functioning as a chopper or 

an oscillating or rotating chopper disc is mounted in front
t it 

* 4 t

* of a detector. By means of the chopper an alternating voltage
« ft t

or alternating current is produced in additional equipment in
ft ft . «1

*. ’ <* order to enable measurements to be carried out on the basis

20 of the method chopping the light.

The advantage of the method chopping the light is that

emission changes within the system, i.e. at the detector, 

housing, window or optical system, which are for example 

caused by temperature changes, have the same effect on the

25 measured radiation and the reference radiation; consequently 

these are not imposed on the alternating voltage or current. 

However, with the use of a chopper disc or a correspondingly 

acting chopper, chopping of radiation arriving from a hemi­

sphere corresponding to a solid angle of 2 5h"is diffcult, 

- 4 -
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because not the complete hemisphere is detectable and a 
large fall-off occurs at low angles of incidence.

For measurement of electromagnetic radiation from a 
hemisphere corresponding to a solid angle I'Tr', an 
apparatus operating with the method chopping the light is 
described in German (Federal Republic) patent 
specification No. 34 23 494 and comprises two modulators 
which are adapted to the shape of the detector hood and 
which rotate either in the same direction at different 
speeds or in opposite direction around a thought axis 
extending vertically through the detector. However, this 
instrument, too, has certain disadvantages. For example, 
it is only possible to measure the radiation from half of 
a hemisphere within one chopping period, i.e. a complete 
revolution of the choppers, as the other half is screened 
off. This has the consequence of a reduction in the 
sensitivity of the apparatus and also requires at least 
two chopping periods for detection of the radiation of the 
entire hemisphere. Moreover, this instrument requires a 
complicated drive mechanism and difficulties are connected 
with cleaning of the hood. Furthermore, shading of the 
detector can occur in the case of radiation near the 
zenith, which is of particular disadvantage in the case of 
a sun position in or near to the zenith.

According to the present invention there is provided 
an electromagnetic radiation detecting device comprising 
at least one radiation detector for detection of 
electromagnetic radiation from a hemisphere corresponding 
to a solid angle of 27Γ, the or each said detector 
including a receiving area for exposure to radiation from 
the respective hemisphere, a respective
radiation-transparent hood covering the or each said
detector, and a rotating chopper to alternately shield the
or each said detector and associated hood from and to
expose the or each said detector and associated hood to35

y ■
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arriving electromagnetic radiation, the chopper comprising 
a carrier member rotatable about an axis parallel to said 
receiving area of the or each said detector and at least 

one hollow semitubiform shielding member which is carried 
5 by said carrier member and which is curved in the axial 

direction of the hollow semitubiform shape, the axis of 

the shielding member being in a plane substantially 

perpendicular to the carrier member axis, the or each said 

shielding member being movable on a circular path by said 
10 carrier member to alternately shield and reveal said 

respective hood covering the or each said detector.
The present invention advantageously provides, in 

specific embodiments, an electromagnetic radiation 
detecting device free of the disadvantages of the prior 

15 art, especially a device by which electromagnetic radiation 
from a hemisphere corresponding to a solid angle of 2 7Γ or 
from the sphere corresponding to a solid angle 4 'IT may be 

able to be detected largely free of error and with high 
accuracy also at low angles of incidence, including sun 

20 radiation arriving from the zenith or near to the zenith.

The or each shielding member is, for example, fixed 
at an edge portion thereof to the periphery of a circular 
or semicircular plate serving as the carrier member.

In case of a device with a single radiation detector, 
25 in the phase of exposure this detector is thus exposed to 

radiation from a hemisphere, whereas in the case of a 
device with two detectors, which may be arranged 
diametrically opposite each other and directed

respectively upward and downward, in the phase of exposure 

30 the detectors are exposed to radiation from the entire
hemisphere.

The construction of the chopper in the preferred 
embodiment form does not restrict access to*1 the .hood 

covering the or each detector, so that there are no
35 difficulties in, for example, cleaning the hood or hoods.
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In addition, the drive for the chopper can be of 
relatively simple construction. A particular advantage is 
that a number of detectors for detection of radiation from 
a hemisphere corresponding to the solid angle 2 H can be

5 provided and with orientations in different directions, 
for example upward and downward or at different 

inclinations therebetween and at predetermined spacings.

Moreover, through the use of a chopper with at least 

one shielding member in the form of at least one
10 circularly bent hollow semicylinder it is advantageously 

ensured that there is no unintentional shading of the or 
each detector even in the case of radiation from near the 
zenith, so that accurate detection can be obtained even 
when the sun position is in or near the zenith.

15 Features and advantages of the present invention will
become apparent from the following description of 
embodiments thereof, by way of example only, with 
reference to the accompanying drawings, in which

Fig. 1 is a diagrammatic view of a prior art
20 radiation detecting device;

Fig. 2 is a diagrammatic view of another prior art
radiation detecting device;
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Fig.3 is a schematic perspective view of yet another 

prior art radiation detecting device, operating 

by the method chopping the light;

Fig.A is a schematic sectional view, on the line 4-4 of 

Fig.5, of a first radiation detecting device 

embodying the invention, wherein radiation detec­

tors of the device are shown shielded by a 

chopper of the device;

Fig.5 is a schematic sectional view, along the line 5-5 

of Fig.4, of the device in the state shown in 

Fig.4;

Fig.6 is a schematic sectional view, along the line 6-6 

of Fig.,7, similar to Fig.4, but with the detectors 

exposed by the chopper;

Fig.7 is a schematic sectional view, along the line 7-7 

of Fig.6, of the device in the state shwon in 

Fig.6;

Fig.8 is a schematic sectional view, along the line 8-8 

of Fig.9, of a second radiation detecting device

20 embodying the invention, wherein however, only

one of the detectors is shielded by a chopper; 

and

Fig.9 is a schematic sectional view, along the line 9-9 

of Fig.8, of the device of Fig.8,

25 Referring now to the drawings, there is shown in Fig.l a

known form of radiation detecting device in a radiation measu­

ring apparatus. The device includes a thermocouple T with

horizontally arranged active solder junctions which are

blackened and insulated from the rest of the instrument and

8
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with passive solder junctions which are thermally connected

to a relatively large mass of the apparatus. In the case of

incident radiation, the temperature of the active junctions

increases relative to that of the passive junctions and gives

5 rise to a thermo-electric voltage which, optionally with

other measurement values, is a measure of the incident radi­

ation. The, thermocouple is covered by a radiation-transparent 

hood K of, for example, glass, polyethylene or similar 

material, to avoid advective and convective heat exchange

10 with the ambient air.

Another form of known radiation detecting device is 

shown in Fig.2, and in this case two hemispherical protective 

hoods K1 and K2 of radiation-transparent material are 

provided around the thermocouple to provide better protection

15 against heat exchange with the ambient air.

In Fig.3 there is shown yet another prior art radiation 

detecting device, in which a radiation detector D of high 

sensitivity and low inertia, for example a semiconductor 

bolometer, a photoelectric element or a pyro-electrio detec-

20 tor, is mounted behind an oscillating or rotating chopper 

disc MS, which alternately exposes the detector to and 

shields the detector from the radiation to be detected. A 

lens L is provided for focussing the radiation ’in front of 

the detector. The measurement signal derivable from the de-

75 tector is an alternating voltage which corresponds to the 

difference in the radiation fluxes from the target and the 

chopper disc.

These three forms of prior art radiation detecting

device illustrate certain basic principles relevant to the

9
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embodiments of the present invention, such as covering of the 

detectors by radiation-transparent hoods and chopping of the 

radiation incident on the detectors, but the prior art 

devices as such are subject to the various disadvantages pre-

5 viously mentioned.

Referring now to Fig.4 and 5 of the drawings, there is 

shown a first radiation detecting device embodying the 

present invention, which device comprises two radiatioin de­

tecting units respectively oriented upward and downward and

10 each comprising a respective detector D and protective hood 

K, the two units being connected with each other by a column 

SI. The device further comprises a mounting H which houses a 

motor M for the drive of a rotating chopper MO, the rotatio­

nal axis A of which coincides with the axis of the Motor M.

15 The modulator MO comprises a carrier member in the form of a 

circular disc S, and two circularly bent, hollow semicylin­

drical shielding members HZ respectively, disposed at two 

diametrically opposite portions of the periphery R of the 

disc, the members HZ being fastened to or formed integrally

20 with the.disc. Each shielding member has, in cross-section, 

the shape illustrated in Fig.5, i.e. semicircular, but could 

also be, for example, trapezoidal or rectangular.

Each shielding member can be provided at the side there­

of facing towards the axis A with a reflective coating, or

25 has at that side an emissivity Of substantially unity.

Figs.4 and 5 show a position of the chopper MO in which

the downward and upward oriented radiation detecting units

with the detectors D and hoods K are completely covered by

the two shielding members HZ of the chopper. The same

10
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embodiment of the device is also illustrated in Figs.6 and 7, 

but with the chopper MO ratated through 90° relative to the 

position shown in Figs.4 and 5. In the position of the 

chopper shown in Figs.6 and 7 the upward and downward

5 oriented radiation detecting units are freely exposed to 

radiation from the sphere corresponding to the solid angle 

of 4 it".

If the device is intended to detect radiation simply 

from a hemisphere corresponding to the solid angle 2 72", it is

10 then necessary to provide only one such detector D with hood

K.

Figs.8 and 9 show a second radiation detecting device 

embodying the present invention, the device again comprising 

two radiatioin detecting units oriented respectively upward

15 and downward and each with a respective detector D and

radiation-transparent shielding hood K. As in the case of the 

embodiment of Figs.4 to 7, the two radiation detecting units 

are connected to each other through a column SI and a motor M 

for drive of a chopper MO is housed in a mounting H.

20 By contrast to the embodiment of Figs.4 to 7, however,

the chopper MO has only one circulary bent, hollow semicylin­

drical shielding member HZ carried by the carrier member or 

disc. For balancing of the shielding member, balance weights 

G are preferably mounted on the part of the carrier member

25 opposite to the part with the shielding member.

Figs.8 and 9 show a position of the chopper MO in which

the radiation detecting unit at the top is completely

shielded and the lower or downwards-oriented unit is freely

exposed to radiation.

11
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. ' An electromagnetic radiation detecting device 
comprising at least one radiation detector for detection 
cf electromagnetic radiation from a hemisphere
corresponding to a solid angle 2ΪΓr the or each said 
detector including a receiving area for exposure to 
radiation from the respective hemisphere, a respective 
radiation-transparent hood covering the or each said 
detector, and a rotating chopper to alternately shield the 
or each said detector and associated hood from and to 
expose the or each said detector and associated hood to 
arriving electro-magnetic radiation, the chopper 
comprising a carrier member rotatable around an axis 
parallel to said receiving area of the or each said 
detector and at least one hollow semitubiform shielding 
member which is carried by said carrier member and which 
is curved in the axial direction of the hollow 
semitubiform shape, the axis of the shielding member being 
in a plane substantially perpendicular to the carrier 
member axis, the or each said shielding member being 
movable on a circular path by said carrier member to 
alternately shield and reveal said respective hood 
covering the or each said detector.
2. A device according to claim 1, wherein said carrier 
member is a plate of at least partly circular shape, the 
or each said shielding member being fixed at the periphery 
of said plate.
3. A device according to claim 1, wherein the or each 
said shielding member is of substantially semicircular 
cross-section.



4. A device according to claim 1, wherein the or each said 

shielding member is of substantially trapezoidal cross­

section. . ·

5. A device according to claim 1, wherein the or each said 

shielding member is of substantially rectangular cross­

section .

6. A device according to claim 1, wherein the or each said 

shielding member is provided at the side thereof facing 

towards said axis of rotation of said carrier member with 

a reflective coating.

7. A device according to claim 1, wherein the or each 

said shielding member has an emissivity of substantially 

unity at the side thereof facing towards said axis of ro­

tation of said carrier member.

8. A device according to claim 1, said device comprising 

two said radiation detectors disposed in diametrical opposi­

tion with respect to said axis of rotation of said carrier
C-hrtDppejZ

member, and said -oariiJ 1 ntnr· comprising two said shielding 

members similarly disposed in diametrical opposition with 

respect to said axis of rotation of said carrier member. 

Dated this 2nd day of March 1988

DEUTSCHE FORSCHUNGS- UND VERSUCHSANSTALT 
FUR LUFT- UND RAUMFAHRT e.V.

Patent Attorneys for the Applicant 

F.B. RICE & CO.
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