
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
06

4 
87

8
B

1
*EP004064878B1*

(11) EP 4 064 878 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
16.10.2024 Bulletin 2024/42

(21) Application number: 20825160.3

(22) Date of filing: 27.11.2020

(51) International Patent Classification (IPC):
A24C 5/01 (2020.01)

(52) Cooperative Patent Classification (CPC): 
A24C 5/01; A24F 40/465 

(86) International application number: 
PCT/GB2020/053024

(87) International publication number: 
WO 2021/105692 (03.06.2021 Gazette 2021/22)

(54) ORIENTATING A ROD-SHAPED ARTICLE

AUSRICHTUNG EINES STABFÖRMIGEN GEGENSTANDES

ORIENTATION D’UN ARTICLE EN FORME DE TIGE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 29.11.2019 GB 201917430

(43) Date of publication of application: 
05.10.2022 Bulletin 2022/40

(73) Proprietor: MPRD Limited
Milton Keynes, Buckinghamshire MK14 6LY (GB)

(72) Inventors:  
• COLE, Akinwande Olanrewaju

Milton Keynes Buckinghamshire MK14 6LY (GB)

• EAST, Jack
Milton Keynes Buckinghamshire MK14 6LY (GB)

• MASON, Timothy James Peter
Milton Keynes Buckinghamshire MK14 6LY (GB)

(74) Representative: CSY London
Helios Court
1 Bishop Square
Hatfield
Hertfordshire AL10 9NE (GB)

(56) References cited:  
EP-A1- 3 461 352  



EP 4 064 878 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to techniques for
orientating a rod-shaped smoking article, and in particu-
lar a rod-shaped smoking article containing an internal
metal component. The invention has particular but not
exclusive application with tobacco heating products con-
taining a susceptor.
[0002] Novel tobacco heating products (THPs) have
started to appear on the marketplace. These products
are characterised by the ability to heat a tobacco column
without combustion or smouldering to release an aerosol
containing nicotine and flavours. Various types of con-
trolled heat source can be used to heat the tobacco col-
umn. These include an electrically heated rod or blade
that is inserted into the tobacco, and an electrical heating
system that surrounds the tobacco column.
[0003] A disadvantage of inserting a blade into the to-
bacco column is a tendency of the blade to be broken. A
further disadvantage is the accumulation of material on
the blade from the tobacco being heated. On the other
hand, an electrical heating system that surrounds the to-
bacco column may have a lower heating efficiency.
[0004] To avoid these problems, a new type of tobacco
heating product has been developed that includes within
the tobacco column a metal blade or susceptor that is
inductively heated by surrounding electronics. For exam-
ple, WO 2017/085242 discloses an inductive heating de-
vice for heating an aerosol-forming substrate comprising
a susceptor. Such products avoid the need for an insert-
able blade that could be broken and the need to clean
the heating element as this becomes a disposable item.
[0005] During the production of smoking articles such
as aerosol forming articles for tobacco heating products
it is necessary to monitor the quality of the articles. Meas-
urements are therefore made as part of a quality assur-
ance and quality control process. In the case of articles
with an internal susceptor, the positioning and accuracy
of formation of this susceptor is a key quality measure in
the production process.
[0006] EP3461352A1 describes a device for process-
ing articles in the tobacco processing industry of the type
containing at least one body made of magnetic or mag-
netizable material, with at least one holding device for
holding at least one such article. The holding device is
designed in such a way that it allows the position of the
article to be changed at least temporarily while the article
is being held. A magnetization device generates a mag-
netic force that acts on the at least one body made of
magnetic or magnetizable material in the article in order
to bring the article into a defined position.
[0007] One challenge facing the quality assur-
ance/quality control professional is that the measure-
ment required may be orientation specific. For example,
a measurement may need to be made where the internal
susceptor is at right angles to a sensor or in line with a
sensor. An example of such a requirement is the trans-
mission imaging of the product to measure the position

of the susceptor relative to the circumferential envelope
paper and the circular ends of the tobacco segment. To
measure a large number of articles with a precise orien-
tation with respect to a sensor can be a time consuming,
labour intensive task that is prone to error.
[0008] It would therefore be desirable to provide a tech-
nique for automatically orientating the article such that it
is in a known orientation for subsequent testing.
[0009] According to one aspect of the present invention
there is provided apparatus for orientating a rod-shaped
smoking article according to claim 1.
[0010] The present invention may provide the advan-
tage that, by presenting the rod-shaped smoking article
to the magnetic field in a manner which allows rotation
of the article, it may be possible to orientate the article
such that it is in a known orientation for subsequent test-
ing.
[0011] The rod-shaped smoking article may be any
type of smoking article such as a conventional cigarette,
an aerosol forming article for use with a tobacco heating
product, a heat-not-burn stick or any similar product that
contains material for combustion or heating. Preferably
the rod-shaped smoking article comprises non-metallic
material in which the metallic component is embedded.
[0012] The rod-shaped smoking article may be an aer-
osol generating article in which the metal component is
embedded in an aerosol forming substrate. The aerosol
forming substrate may comprise tobacco and/or other
organic materials such as herbal materials and/or other
compounds which release an aerosol upon heating.
[0013] The rod-shaped smoking article may be for use
with an inductive heating device for inductively heating
the metal component. Preferably the metal component
comprises a ferromagnetic material, which is preferably
embedded in a non-ferromagnetic material such as to-
bacco or other organic material. This may allow the com-
ponent to be inductively heated and may facilitate rotation
of the article under influence of the magnetic field.
[0014] Preferably the metal component is substantially
flat and/or has a width which is greater than its depth.
For example, the metal component may be in the form
of a blade or a strip. Thus, the metal component may be
essentially planar, and/or may be without rotational sym-
metry. Thus, when a magnetic field is applied to the metal
component, it may have a tendency to align with the ap-
plied field along its width. Preferably the metal compo-
nent is a susceptor for heating an aerosol forming sub-
strate such as a tobacco column.
[0015] Preferably orientation of the rod-shaped smok-
ing article is by rotation of the rod-shaped article under
influence of the magnetic field. Preferably the rod-shaped
smoking article has a longitudinal axis, and rotation of
the rod-shaped smoking article is about its longitudinal
axis. This may allow the article to acquire a known rota-
tional orientation for subsequent testing.
[0016] Preferably the magnetic field causes the rod-
shaped smoking article to acquire a predetermined ori-
entation. For example, the magnetic field may cause the
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article to rotate such that the metal component (for ex-
ample a susceptor) is aligned with the magnetic field.
Thus, the article may acquire a known orientation, which
may allow orientation dependent measurements subse-
quently to be performed on the article.
[0017] The means for producing a magnetic field may
comprise a magnet. The magnet may be for example an
electromagnet or a permanent magnetic. Preferably the
means for producing a magnetic field is arranged to pro-
duce a substantially static magnetic field while the rod-
shaped smoking article is presented to the magnetic field.
This may facilitate rotation of the rod-shaped smoking
article to a required orientation.
[0018] The apparatus may be arranged such that the
rod-shaped smoking article passes through the magnetic
field, preferably in a direction parallel to its longitudinal
axis. The apparatus is arranged to drop the rod-shaped
smoking article through the magnetic field. Thus, the ar-
ticle may fall through the magnetic field under the influ-
ence of gravity. This may help to ensure that the article
is free to turn as it passes through the magnetic field.
Furthermore, this may allow the article to pass from one
part of the apparatus to another without requiring an ac-
tuator. Alternatively, some other means for causing the
article to pass through the magnetic field, such as a pres-
sure differential, could be used as well or instead. How-
ever, the magnetic field is preferably used to rotate the
article but not to move it along its longitudinal axis.
[0019] The means for presenting the rod-shaped
smoking article to the magnetic field may comprise a
guide. The guide may be arranged such that the article
can pass through the guide in a direction parallel to the
longitudinal axis of the article and/or such that the article
can rotate inside the guide about its longitudinal axis.
However, the guide may constrain the article so as to
prevent any substantial rotation of the article other than
about its longitudinal axis and/or any substantial dis-
placement of the article in a direction perpendicular to its
longitudinal axis. This may help to ensure that the rod-
shaped smoking article is correctly orientated.
[0020] The guide may be, for example, a guide tube.
The guide tube may be a tube through which the article
can pass and/or within which the article can rotate. The
guide tube may be, for example, a hollow cylinder. The
guide tube may have an internal diameter which is slightly
larger than the external diameter of the article and/or a
length which is substantially the same as or longer than
that of the article. However other guide means, such as
a plurality of longitudinally extending rails spaced circum-
ferentially about the article, are also envisaged.
[0021] Preferably the guide comprises a non-magnetic
material, in order to allow the magnetic field to enter the
guide. Alternatively or in addition the guide may comprise
one or more apertures, for example, to facilitate entry of
the magnetic field into the guide. Preferably the means
for producing a magnetic field is located adjacent to the
guide. Thus, the apparatus may be arranged to produce
a magnetic field inside the guide. The guide is preferably

arranged to guide the rod-shaped smoking article as it
passes through the magnetic field.
[0022] Preferably the apparatus comprises means for
causing the rod-shaped smoking article to pass through
the guide. For example, the apparatus may be arranged
to allow the rod-shaped smoking article to fall through
the guide under the influence of gravity. This may help
to ensure that the article is free to rotate as it passes
through the magnetic field. Furthermore, this arrange-
ment can allow the article to pass through the magnetic
field without requiring an actuator for moving the article,
which may reduce the number of components required.
In addition, such an arrangement may facilitate use of
the apparatus in a test stack in which an article under
test is dropped between measurement locations.
[0023] The apparatus may further comprise a hold and
release mechanism for holding the rod-shaped smoking
article and subsequently releasing it into the magnetic
field. This may allow successive articles to be orientated
at the appropriate intervals. Preferably, the hold and re-
lease mechanism is arranged to release the rod-shaped
smoking article into the guide.
[0024] However, in alternative arrangements, the ap-
paratus may be arranged to apply the magnetic field to
the rod-shaped smoking article while it is stationary, or
while it is moving other than under the influence of gravity
(for example, due to a pressure differential).
[0025] The apparatus may further comprise a control
unit for controlling operation of the apparatus. The control
unit may be implemented, for example, as hardware or
as a software routine running on a processor with asso-
ciated memory.
[0026] The control unit may be arranged to control the
magnetic field which is presented to the rod-shaped
smoking article. For example, the control unit may be
arranged to apply the magnetic field when a smoking
article is to be presented to the magnetic field. In this
case the control unit may be arranged to remove the mag-
netic field at (at least some) other times. This may help
to ensure that the magnetic field is only applied when
required.
[0027] The control unit may be arranged to control the
strength of the magnetic field which is presented to the
smoking article. This may allow the strength of the mag-
netic field to be adapted to the type of article under test.
For example, the strength of the magnetic field may be
adjusted to match the magnetic properties of a susceptor
in the smoking article and/or the moment of inertia of the
smoking article. In general, the strength of the magnetic
field may be adjusted in order to ensure rotation of the
article while avoiding any distortion of the article due to
movement of the metal component in the article. How-
ever, the strength of the magnetic field may be substan-
tially constant while it is presented to a smoking article.
[0028] The control unit may be arranged to control the
direction of the magnetic field which is presented to the
smoking article. This can allow the apparatus to turn the
smoking article into a plurality of different orientations.
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For example, different tests may require the smoking ar-
ticle to be in different orientations. However, the orienta-
tion of the magnetic field may be substantially constant
while it is presented to a smoking article.
[0029] Where the means for producing a magnetic field
comprises an electromagnetic, the control means may
be arranged to adjust a current through the electromag-
netic, thereby controlling the magnetic field. Alternatively,
where the means for producing a magnetic field compris-
es a permanent magnet, the apparatus may further com-
prise an actuator for moving the permanent magnetic. In
this case the control unit may control the actuator in order
to control the magnetic field which is encountered by the
smoking article. For example, the actuator may change
the distance of the magnet from the article and/or the
direction of the magnet relative to the article. Such an
actuator may also be used to adjust the distance and/or
direction of an electromagnet relative to the smoking ar-
ticle.
[0030] Where the apparatus comprises a hold and re-
lease mechanism, the control unit may be arranged to
control operation of the hold and release mechanism.
For example, the control unit may cause successive
smoking articles to be held and then released at appro-
priate intervals. This may for example allow orientation
of an article and/or tests to be performed on the article
before the release of a subsequent article.
[0031] Preferably the control unit is arranged to syn-
chronise application of the magnetic field with release of
the rod-shaped smoking article by the hold and release
mechanism. For example, the control unit may be ar-
ranged to cause the magnetic field to be applied as the
rod-shaped smoking article is released by the hold and
release mechanism. This may help to ensure that the
magnetic field is applied when required. For example,
the magnetic field may be applied as the smoking article
falls through a guide tube, but not at other times.
[0032] The apparatus may further comprise a holding
device for holding the rod-shaped smoking article after
it has been orientated. Preferably, the holding device is
arranged to receive the rod-shaped smoking article after
it has passed through the magnetic field, and to hold the
article in the orientation which it acquired when passing
through the magnetic field. This can allow the article to
be held in a known orientation for subsequent tests.
[0033] The holding device may comprise, for example,
means for applying a vacuum to the article in order to
hold it in position. Alternatively or in addition the holding
device may comprise means such as a gripper for holding
the article mechanically.
[0034] Where the apparatus comprises a control unit,
the control unit may be arranged to control operation of
the holding device. For example, the control means may
be arranged to cause the holding device to hold the smok-
ing article. This may allow the article to be held in a known
orientation for testing. The control means may be ar-
ranged to release the article, for example after testing.
[0035] In a preferred embodiment, the control unit is

arranged to control operation of a hold and release mech-
anism, and to synchronise operation of the holding device
with that of the hold and release mechanism. For exam-
ple, the control unit may be arranged to apply a signal to
the hold and release mechanism causing it to release a
smoking article into the magnetic field, and then to apply
a signal to the holding device causing it to hold the smok-
ing article a predetermined time after it has been released
by the hold and release mechanism. The predetermined
time may correspond to the time taken for the article to
fall from the hold and release mechanism through the
magnetic field to the holding device. This can allow the
article to rotate as it passes though the magnetic field,
and then subsequently be held in the orientation which
it acquired when passing through the magnetic field.
[0036] The holding device may be arranged such that
the rod-shaped smoking article can be rotated as it is
being held. The rotation may be for example about its
longitudinal axis. For example, the holding device may
comprise a chuck, such as a vacuum chuck for holding
and rotating the article. In this case the apparatus may
further comprise drive means, such as a motor, for caus-
ing rotation of the holding device. This may allow different
tests to be performed on the same smoking article when
in different, known orientations. Rotation of the holding
device may be controlled by the control unit.
[0037] Alternatively, the holding device may be ar-
ranged to be rotated manually, for example, between a
number of indexed rotational positions.
[0038] The apparatus described above is preferably
arranged to rotate the rod-shaped smoking article such
that it acquires a known orientation for subsequent test-
ing.
[0039] According to another aspect of the present in-
vention there is provided test apparatus comprising ap-
paratus for orientating a rod-shaped smoking article in
any of the forms described above and means for testing
the rod-shaped smoking article. Preferably the means
for testing the rod-shaped smoking article are separate
from the means for producing a magnetic field and/or the
means for presenting the rod-shaped smoking article to
the magnetic field.
[0040] Where the apparatus comprises a holding de-
vice, the holding device may be arranged to hold the rod-
shaped smoking article during testing of the article by the
testing means. The holding device may hold the article
in the orientation which it acquired when passing through
the magnetic field. This may allow the article to be held
in a known orientation for testing.
[0041] Preferably the testing means is arranged to per-
form at least one test which is sensitive to the orientation
of the rod-shaped smoking article. For example, the test-
ing means may be arranged to measure a dimension of
one or more components of the article (such as the metal
component) in one or more directions (such as two or-
thogonal directions).
[0042] In one embodiment, the testing means is ar-
ranged to perform transmission imaging of the rod-
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shaped smoking article. For example, the testing means
may be substantially as described in co-pending Inter-
national patent application number
PCT/GB2019/051882.
[0043] The testing means may be arranged to detect
a defect in the rod-shaped smoking article. For example,
the testing means may be arranged to detect a defect in
the metal component. Where the metal component is a
susceptor, the testing means may be arranged to detect
a defect in the susceptor. The defect may be, for example,
one or more of: a misshaped susceptor; a misplaced sus-
ceptor; a missized susceptor; a missing susceptor; a
curved susceptor; a folded-over susceptor; an off-centre
susceptor; and a twisted susceptor.
[0044] In a preferred embodiment, the test apparatus
is part of a test stack arranged to drop the rod-shaped
smoking article between a plurality of test locations.
Thus, the apparatus for orientating the rod-shaped smok-
ing article may be incorporated into the test stack, for
example, between two testing positions. This may allow
the apparatus to be located in an area where the article
may anyway be dropped between two locations, thus pro-
viding a simple and convenient way of orientating the
article for subsequent testing.
[0045] Corresponding methods may also be provided.
Thus, according to another aspect of the invention there
is provided a method of orientating a rod-shaped smoking
article according to claim 15
[0046] Features of one aspect of the invention may be
provided with any other aspect. Apparatus features may
be provided with method aspects and vice versa.
[0047] Preferred features of the present invention will
now be described, purely by way of example, with refer-
ence to the accompanying drawings, in which:

Figure 1 shows parts of a tobacco heating product
with a susceptor;
Figure 2 shows parts of a test stack;
Figures 3(A) and 3(B) show side views of a smoking
article;
Figure 4 shows an end view of a smoking article with
a metal susceptor;
Figures 5(A) to 5(C) illustrate some potential mis-
formations of a susceptor;
Figure 6 shows parts of an apparatus for orientating
a rod-shaped smoking article in an embodiment of
the invention;
Figure 7 illustrates a principle of operation of an em-
bodiment of the invention;
Figure 8 shows a top view of part of the apparatus
of Figure 6;
Figure 9 illustrates an alternative embodiment with
a permanent magnet;
Figure 10 illustrates operation of a measurement in-
strument;
Figures 11(A) and 11(B) illustrate a measurement
instrument with a smoking article in two different ori-
entations; and

Figure 12 illustrates the measurement instrument
when the magnet has been energised.

[0048] Figure 1 shows schematically parts of a tobacco
heating product with a susceptor. Referring to Figure 1,
the tobacco heating product comprises an inductive heat-
ing device 1 which receives a smoking article (aerosol
forming article) 2. The tobacco heating product is de-
signed to produce an aerosol which is inhaled by the user.
[0049] The smoking article 2 is wrapped in paper in a
similar way to a conventional cigarette to form a rod-
shaped article. The smoking article 2 comprises a tobac-
co column 3 with a metallic susceptor blade 4. The sus-
ceptor blade is made from a magnetically permeable and
electrically conductive metallic material. The smoking ar-
ticle 2 may include a cooling/condensation element 5 and
a particulate filter 6. The cooling/condensation element
5 may be in the form of a hollow cellulose acetate tube.
Various other components may be present in the smok-
ing article as well as or instead of those shown.
[0050] In Figure 1, the inductive heating device 1 com-
prises a housing 7, a battery 8, control electronics 9 and
inductive heating source 10. The inductive heating
source 10 may be for example a helically wound cylin-
drical inductor coil. The heating device may further in-
clude a docking port 11 with a docking pin 12 for recharg-
ing the battery 8.
[0051] In use, the battery 8 supplies power to the con-
trol electronics 9. The control electronics 9 produce an
alternating current which is supplied to the inductive heat-
ing source 10. The inductive heating source 10 produces
an alternating magnetic field, which induces an alternat-
ing magnetic field in the susceptor 4. This induced alter-
nating magnetic field generates heat in the susceptor. At
least some of the heat generated in the susceptor 4 is
transferred to the tobacco column 3 to release an aerosol
containing nicotine and flavours. This aerosol passed
through the cooling element 5 and filter 6 and is inhaled
by the user.
[0052] The tobacco heating product may be, for exam-
ple, as described in WO 2017/085242. However, it will
be appreciated that other types of tobacco heating prod-
uct may be used instead.
[0053] In the smoking article described above the to-
bacco column is typically in the form of a gathered sheet
of crimped homogenised tobacco material. The suscep-
tor strip is inserted into the tobacco column as part of the
production process. This process typically involves pro-
ducing a long cylindrical tobacco column with a steel strip
(which will form the susceptor) running through the cen-
tre. The long tobacco column is then chopped up into
smaller items of the required length for the smoking ar-
ticle. The various cylindrical components of the smoking
article are then aligned and tightly wrapped in a wrapper
such a cigarette paper. The smoking article may, for ex-
ample, as described in WO 2015/177294. However, it
will be appreciated that other types of smoking article
may be used instead.
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[0054] It has been found that, during the manufacturing
process, various defects may arise in the susceptor. For
example, the process of forming the tobacco column may
disturb the steel strip, or the steel strip may become dam-
aged in the cutting process. Measurements may there-
fore be made as part of a quality assurance and quality
control process. The positioning and accuracy of forma-
tion of the susceptor is a key quality measure in the pro-
duction process, as are the physical attributes of other
features within the rod.
[0055] Figure 2 shows parts of a test stack which may
be used to perform various measurements on a succes-
sion of aerosol forming articles. Referring to Figure 2, the
test stack is in the form of a cabinet 14 with a plurality of
shelves 15. A measurement instrument 16 is located on
each of the shelves. A hopper 17 is located at the top of
the cabinet 14. The hopper 17 is connected to the top
measurement instrument via a guide tube 18. Further
guide tubes 18 connect each measurement instrument
to the one below. A bucket 19 is provided at the bottom
of the cabinet to collect the articles which have been test-
ed.
[0056] In operation, the top measurement instrument
receives a succession of articles to be tested from the
hopper 17. The measurement instrument carries out var-
ious measurements on each article. Once the measure-
ments on an article are complete, that article is dropped
through the guide tube 18 to the measurement instrument
immediately below. That measurement instrument then
carries out its own tests on the article. This process is
repeated as the article travels downwards through the
test stack, until it is dispensed into the bucket. Thus, a
product under test drops under gravity from one shelf to
another with a different test being carried out at each
stage.
[0057] One challenge arising during the quality assur-
ance/quality control process is that the apparent width of
the susceptor may vary depending on the orientation of
the article. This variation could potentially lead to inac-
curate results if the article is not correctly orientated. For
example, transmission imaging of the article to measure
the position of the susceptor relative to the circumferen-
tial envelope paper and the circular ends of the tobacco
segment may rely on prior knowledge of the orientation
of the article.
[0058] Figures 3(A) and 3(B) show side views of a
smoking article in two different orientations. Referring to
Figures 3(A) and 3(B), the smoking article 2 comprises
a tobacco column 3 inside which there is a metallic sus-
ceptor strip 4. The smoking article may also contain a
cooling/condensation element 5 and a particulate filter
6. The smoking article 2 is generally cylindrical with a
longitudinal axis shown by the dashed lines in Figures
3(A) and 3(B).
[0059] Figure 3(A) shows an orientation in which the
susceptor strip lies in a plane which is perpendicular to
the plane of the paper, while Figure 3(B) shows an ori-
entation in which the susceptor strip lies in a plane which

is parallel to the plane of the paper. Thus, in the orienta-
tion of Figure 3(B) the article is rotated by 90° about its
longitudinal axis relative to the orientation of Figure 3(A).
From Figures 3(A) and 3(B) it can be seen that the sus-
ceptor strip is substantially flat, and has a width which is
greater than its depth. The different orientations in Fig-
ures 3(A) and 3(B) result in a difference in the apparent
dimensions of the susceptor.
[0060] Figure 4 shows an end view of a smoking article
2 with a metal susceptor. In the arrangement shown, the
susceptor 4 is correctly located at the centre of the to-
bacco column 3.
[0061] Figures 5(A) to 5(C) illustrate some of the po-
tential mis-formations of the susceptor that could be en-
countered and be the subject of quality assurance/quality
control concerns. Figure 5(A) shows a curved susceptor;
Figure 5(B) shows a folded-over susceptor; Figure 5(C)
shows an off-centre susceptor; and Figure 5(D) shows a
twisted susceptor. Such defects in the susceptor can lead
to deficiencies in the heating process, such as uneven
heating or no heating at the base of the tobacco rod.
[0062] Embodiments of the invention are based on the
realisation that, since the susceptor strip 4 is made from
a magnetically permeable material, its magnetic proper-
ties can be used to orientate the susceptor strip, and
hence the smoking article, to an applied magnetic field.
[0063] Embodiments of the invention provide tech-
niques for orientating a smoking article that use a strong
magnetic field that interacts with the susceptor strip. A
magnetic gradient is induced across both poles of the
susceptor strip. This causes a rotation large enough to
overcome the moment of inertia of the article when the
article is free to turn, such as when dropped between
measurement locations in a stack of test equipment. The
result is an alignment of the susceptor strip with the mag-
netic field. This alignment takes place fast enough for the
smoking article with its internal susceptor to be in align-
ment by the time it passes through the field.
[0064] A typical application would be the measurement
of rod characteristics in a physical test stack where meas-
urement instruments are placed one above the other.
After a measurement or loading from a hopper or auto-
matically sampling from a making or combining machine
the rod under test is dropped past a magnetic field to
orient it for a specific measurement such as determining
the susceptor width using x-ray analysis. In practice a
rod gate is incorporated into the system to stop and then
release the rod while in the magnetic field which ensures
optimisation of the alignment. A guide tube may be used
to guide the passage of the rod through the magnetic
field.
[0065] Figure 6 shows parts of an apparatus for orien-
tating a rod-shaped smoking article in an embodiment of
the present invention. The arrangement of Figure 6 may
be, for example, part of a measurement instrument such
as a measurement instrument 16 in a test stack as shown
in Figure 2.
[0066] Referring to Figure 6, the apparatus comprises
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rod gate 20, guide tube 22, electromagnet 24, vacuum
chuck 26, control unit 28 and user interface 30.
[0067] The rod gate 20 of Figure 6 is designed to re-
ceive successive rod-shaped smoking articles 2 and to
release them in a controlled manner into the guide tube
22. The articles may be received, for example, from a
hopper, or from a measurement instrument located
above the rod gate, or from a sampling device which
takes samples from a flow of articles. The rod gate 20
operates by applying a vacuum to the smoking article in
order to hold it in place, and then removing the vacuum
in order to release the article. Alternatively, a mechanical
holding device, such as a gripper or a shutter could be
used to hold and release the article. The rod gate 20
operates under control of the control unit 28.
[0068] The guide tube 22 is a hollow cylinder with an
internal diameter which is slightly larger than the diameter
of an article to be tested. The guide tube 22 allows a
smoking article 2 to fall through it under the influence of
gravity in a direction parallel to the longitudinal axis of
the smoking article. The guide tube also allows rotation
of the article about its longitudinal axis. However, the
guide tube prevents the article from displacement in a
direction perpendicular to its longitudinal axis, and from
rotation other than about its longitudinal axis. The guide
tube 22 is made from a non-magnetic material such as
plastic.
[0069] The electromagnet 24 is arranged to apply a
controlled magnetic field to the guide tube 22. Since the
guide tube is made from a non-magnetic material, the
magnetic field passes through wall of the guide tube. The
electromagnet 24 is activated by the control unit 28 such
that the magnetic field is applied while a smoking article
2 is falling through the guide tube 22. As a consequence,
the smoking article encounters the magnetic field as it
passes through the guide tube. The magnetic field acts
on the metallic susceptor 4 inside the smoking article 2
and causes the article to rotate about its longitudinal axis.
[0070] The vacuum chuck 26 is arranged to receive a
smoking article 2 which has passed through the guide
tube 22, and to hold it in place using a vacuum. The vac-
uum chuck is located at the exit point of the guide tube
22, so that the orientation of the smoking article is main-
tained. The vacuum chuck 26 comprises a foot 27 on
which the article 2 rests. A removeable vacuum is applied
to the smoking article through the foot 27, in order to hold
the article 2 in place. The vacuum is applied as the smok-
ing article 2 exits the guide tube 22 and enters the vacuum
chuck 26. The operation of the vacuum is controlled by
the control unit 28.
[0071] The control unit 28 is used to control the oper-
ation of the apparatus. The control unit 28 may be imple-
mented as a software routine executing on a suitable
processor, such as a personal computer. The control unit
28 is connected to the user interface 30. The user inter-
face comprises an input device such as a keyboard
and/or mouse and an output device such as a display.
The user interface allows the user to input test and control

parameters. The user interface also allows test results
and other data to be provided to the user.
[0072] In operation, the rod gate 20 receives succes-
sive smoking articles 2 and holds them at the top of the
guide tube 22. At appropriate intervals, the rod gate re-
leases a smoking article 2 into the guide tube 22. The
released smoking article then drops through the guide
tube 22. At the same time, the magnetic field produced
by the electromagnet 24 is activated. The strength of the
magnetic field is matched to the article’s moment of in-
ertia. The magnetic field interacts with the susceptor strip
4 inside the smoking article 2 in order to align the sus-
ceptor strip with the magnetic field. Once the smoking
article 2 has passed through the guide tube, it is held in
place by the vacuum chuck 26, in the orientation which
it achieved while passing through the magnetic field.
[0073] As long the susceptor strip is made from a fer-
romagnetic material, the presence of the external mag-
netic field will induce a temporary alignment of the mag-
netic domains within the susceptor material. The suscep-
tor thus becomes a temporary magnet with its own north
and south poles, which will then become aligned with the
magnetic field produced by the electromagnet. While it
is in the guide tube, the smoking article is constrained
except for rotational (and axial) movement. The ferro-
magnetic material has a high permeability, and therefore
presents a preferential path for the flux of the applied
magnetic field. The smoking article will therefore rotate
until the lines of flux of the magnetic field are able to take
the shortest path via the susceptor strip. This principle is
illustrated in Figure 7.
[0074] The distance and the strength of the magnetic
field plays an important role in the success of the aligner.
The tobacco in the rod could be compressed with a bias
to one side of the cross-section of the rod if the field is
too strong. On the other hand, the rod may not be aligned
if the field is too weak. Thus, the strength of the magnetic
field is chosen to be sufficient to rotate the article, but not
so high as to cause any deformation of the tobacco. The
strength of the magnetic field may be adjusted by the
control unit 28 so that it is appropriate for the type of
smoking article under test. For example, the control unit
may include a memory with a look-up table with different
magnetic field strengths for different types of article. In
this case, the user interface 30 may be used to select a
particular article, and the control unit look up the required
magnetic field strength for that article and adjust the ap-
plied magnetic field strength accordingly. Alternatively
the user interface may be used to control the magnetic
field strength directly.
[0075] As the velocity of the rod through the magnetic
field increases (long drop) then the accuracy of orienta-
tion decreases. Thus, the length of the drop through the
guide tube 22 is chosen to be sufficient to allow time for
the article to be rotated, but short enough to prevent the
article from reaching a velocity which would reduce the
accuracy of the orientation.
[0076] Figure 8 shows a top view of the electromagnet
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24 and the guide tube 22 as a smoking article 2 moves
through the magnetic field. Referring to Figure 8, it can
be seen that the electromagnet, when energised, pro-
duces a magnetic field which passes through the wall of
the guide tube 22 and interacts with the susceptor strip
4 in the smoking article. This causes the smoking article
to rotate so that the susceptor strip is aligned with the
magnetic field.
[0077] Figure 9 illustrates an alternative embodiment
using a permanent magnet 38 rather than an electromag-
net to orientate the smoking article 2. The permanent
magnet 38 may be a neodymium magnet, or any other
appropriate type of magnet. In this embodiment an actu-
ator such as a pneumatic cylinder 40 and rod 42 is used
to move the magnet 38 into position. The actuator moves
the magnet from a rest position to a position adjacent to
or in contact with the guide tube when an article is to be
orientated. The actuator moves the magnet away from
the guide tube to the rest position at other times. The
actuator operates under control of the control unit 28.
Other parts of the apparatus may be the same as or sim-
ilar to those shown in Figure 6 above.
[0078] If desired, a U-shaped electromagnet or perma-
nent magnet could be used in order to present a north
pole to one side of the guide tube and a south pole to the
other side, or separate magnets could be used on either
side of the guide tube. This may help to produce the re-
quired lines of flux through the guide tube.
[0079] The arrangements described above can be
used to orientate an article under test as it passes through
a test stack such as that shown in Figure 2. In particular,
the apparatus can be used to rotate an article to a re-
quired orientation prior to carrying out measurements
which are orientation dependent. Such measurements
may include, for example, transmission imaging, non-
transmission imaging, compression tests (for example to
measure hardness), laser tests (for example to measure
ovality) or any other type of test to determine a physical
property of the smoking article.
[0080] Referring back to Figure 6, the apparatus shown
includes emitter 32, detector 34 and drive unit 36 which
form part of a measurement instrument. In this example
the measurement instrument is an imaging system which
is arranged to produce an image of the smoking article
2. The emitter 32 is an emitter of electromagnetic radia-
tion, such as infrared, visible light, ultraviolet or X-rays.
The detector 34 is arranged to detect the electromagnetic
radiation emitted by the emitter 32 after imaging of the
smoking article 2. The vacuum chuck 26 holds the smok-
ing article 2 to one side of the electromagnetic radiation,
to allow the article to be imaged. The drive unit 36 is
arranged to adjust the orientation of the smoking article
2 relative to the emitter 32 and detector 34 to allow dif-
ferent images of the smoking article to be taken. This
may be achieved through rotation of the article, longitu-
dinal displacement of the smoking article, or both. Oper-
ation of the emitter 32, detector 34 and drive unit 36 is
controlled by the control unit 28. Alternatively, if desired

a separate control unit could be used to control the meas-
urements.
[0081] The imaging system shown in Figure 6 may be,
for example, as described in International patent appli-
cation number PCT/GB2019/051882, or International
patent publication number WO 2004/083834. However,
it will be appreciated that these types of imaging system
are given by way of example only, and other types of
measurement instrument may be used as well or instead.
[0082] Figure 10 illustrates operation of a measure-
ment instrument in one embodiment. Referring to Figure
10, the measurement instrument comprises an emitter
32 and a detector 34, which may be in the form shown
in Figure 6. In this example the emitter 32 is an x-ray
source and the detector 34 is a flat panel x-ray detector
(area image sensor), both of which are known in the art.
The smoking article 2 is located between the emitter 32
and the detector 34. The x-ray radiation 38 passes
through the smoking article and is detected by the panel
array. The susceptor forms an image with a width W on
the panel array. In the arrangement shown the magnet
24 is not energised.
[0083] Figures 11(A) and 11(B) illustrate the measure-
ment instrument with the smoking article in two different
orientations. It can be seen that the apparent width of the
susceptor strip can vary between WB when the strip is
parallel to the x-rays and WA when the strip is perpen-
dicular to the x-rays. Thus, when the magnet is not en-
ergised, the apparent width of the susceptor varies de-
pending on the random orientation of the smoking article.
[0084] Figure 12 illustrates the measurement instru-
ment when the magnet 24 has been energised. Energis-
ing the magnet 24 orients the susceptor to the magnetic
field. This allows a true measure of the width of the sus-
ceptor to be produced.
[0085] It will be appreciated that embodiments of the
invention have been described above by way of example
only, and variations in detail are possible. Although the
invention has been described for use with a tobacco heat-
ing product with an internal susceptor, other types of
smoking article could be used instead. For example, rath-
er than containing tobacco, the smoking product may
contain other organic materials or herbs. Furthermore,
the exact construction of the smoking article may vary,
and is described above for illustrative purposes only. The
invention may also be used with other types of smoking
article which contain metallic components. Other varia-
tions in detail will be apparent to the skilled person.

Claims

1. Apparatus for orientating a rod-shaped smoking ar-
ticle (2) containing a metal component (4), the ap-
paratus comprising:

means (24) for producing a magnetic field; and
means (20, 22) for presenting the rod-shaped
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smoking article (2) to the magnetic field in a man-
ner which allows rotation of the rod-shaped
smoking article;
characterised in that the apparatus is arranged
to drop the rod-shaped smoking article (2)
through the magnetic field.

2. Apparatus according to claim 1, wherein the metal
component (4) is a susceptor for heating an aerosol
forming substrate.

3. Apparatus according to claim 1 or 2, wherein the
rotation of the rod-shaped smoking article (2) is
about its longitudinal axis.

4. Apparatus according to any of the preceding claims,
wherein the magnetic field causes the rod-shaped
smoking article (2) to acquire a predetermined ori-
entation.

5. Apparatus according to any of the preceding claims,
wherein the means for presenting the rod-shaped
smoking article (2) to the magnetic field comprises
a guide (22), and wherein the means (24) for pro-
ducing a magnetic field is located adjacent to the
guide.

6. Apparatus according to any of the preceding claims,
further comprising a hold and release mechanism
(20) for holding the rod-shaped smoking article (2)
and subsequently releasing it into the magnetic field.

7. Apparatus according to claim 6 when dependent on
claim 5, wherein the hold and release mechanism
(20) is arranged to release the rod-shaped smoking
article (2) into the guide (22).

8. Apparatus according to any of the preceding claims,
further comprising a control unit (28) for controlling
operation of the apparatus, wherein the control unit
(28) is arranged to apply the magnetic field when a
smoking article (2) is to be presented to the magnetic
field.

9. Apparatus according to claim 8 when dependent on
claim 6, wherein the control unit (28) is arranged to
control operation of the hold and release mechanism
(20) and preferably to synchronise application of the
magnetic field with release of the rod-shaped smok-
ing article (2) by the hold and release mechanism
(20).

10. Apparatus according to any of the preceding claims,
further comprising a holding device (26) arranged to
receive the rod-shaped smoking article (2) after it
has passed through the magnetic field, and to hold
the article (2) in the orientation which it acquired
when passing through the magnetic field.

11. Apparatus according to claim 10 when dependent
on claim 8, where the control unit (28) is arranged
to control the holding device (26), and preferably to
synchronise operation of the holding device with that
of the hold and release mechanism (20), wherein the
holding device (26) is preferably arranged such that
the rod-shaped smoking article (2) can be rotated.

12. Test apparatus comprising an apparatus for orien-
tating a rod-shaped smoking article (2) according to
any of the preceding claims and means (32, 34) for
testing the rod-shaped smoking article.

13. Test apparatus according to claim 12 when depend-
ent on claim 10, wherein the holding device (26) is
arranged to hold the rod-shaped smoking article (2)
during testing of the article by the testing means.

14. Test apparatus according to claim 12 or 13, wherein
the testing means is arranged to perform transmis-
sion imaging of the rod-shaped smoking article
and/or wherein the apparatus is part of a test stack
arranged to drop the rod-shaped smoking article (2)
between a plurality of test locations (16).

15. A method of orientating a rod-shaped smoking article
(2) containing a metal component (4), the method
comprising:

producing a magnetic field;
presenting the rod-shaped smoking article to the
magnetic field; and
rotating the rod-shaped article under influence
of the magnetic field;
characterised in that the rod-shaped smoking
article (2) is dropped through the magnetic field.

Patentansprüche

1. Vorrichtung zum Ausrichten eines stabförmigen
Rauchartikels (2), der eine Metallkomponente (4)
enthält, wobei die Vorrichtung Folgendes umfasst:

ein Mittel (24) zum Erzeugen eines Magnetfelds
und
Mittel (20, 22), mit denen der stabförmige
Rauchartikel (2) dem Magnetfeld auf eine Weise
ausgesetzt wird, die ein Drehen des stabförmi-
gen Rauchartikels ermöglicht,
dadurch gekennzeichnet, dass die Vorrich-
tung so eingerichtet ist, dass der stabförmige
Rauchartikel (2) durch das Magnetfeld herab-
gesenkt wird.

2. Vorrichtung nach Anspruch 1, wobei es sich bei der
Metallkomponente (4) um einen Suszeptor zum Er-
hitzen eines aerosolbildenden Substrats handelt.

15 16 



EP 4 064 878 B1

10

5

10

15

20

25

30

35

40

45

50

55

3. Vorrichtung nach Anspruch 1 oder 2, wobei das Dre-
hen des stabförmigen Rauchartikels (2) um dessen
Längsachse erfolgt.

4. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei das Magnetfeld bewirkt, dass der
stabförmige Rauchartikel (2) eine vorgegebene Aus-
richtung einnimmt.

5. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei das Mittel, mit dem der stabförmige
Rauchartikel (2) dem Magnetfeld ausgesetzt wird,
eine Führung (22) umfasst und sich das Mittel (24)
zum Erzeugen eines Magnetfelds neben der Füh-
rung befindet.

6. Vorrichtung nach einem der vorhergehenden An-
sprüche, das ferner einen Halte- und Freigabeme-
chanismus (20) zum Halten und nachfolgenden Frei-
geben des stabförmigen Rauchartikels (2) in das Ma-
gnetfeld umfasst.

7. Vorrichtung nach Anspruch 6 bei Abhängigkeit von
Anspruch 5, wobei der Halte- und Freigabemecha-
nismus (20) so eingerichtet ist, dass er den stabför-
migen Rauchartikel (2) in die Führung (22) freigibt.

8. Vorrichtung nach einem der vorhergehenden An-
sprüche, die ferner eine Steuereinheit (28) zum
Steuern eines Betriebs der Vorrichtung umfasst, wo-
bei die Steuereinheit (28) so eingerichtet ist, dass
sie das Magnetfeld anlegt, wenn diesem ein Rauch-
artikel (2) ausgesetzt werden soll.

9. Vorrichtung nach Anspruch 8 bei Abhängigkeit von
Anspruch 6, wobei die Steuereinheit (28) so einge-
richtet ist, dass sie einen Betrieb des Halte- und Frei-
gabemechanismus (20) steuert und vorzugsweise
das Anlegen des Magnetfelds mit dem Freigeben
des stabförmigen Rauchartikels (2) durch den Halte-
und Freigabemechanismus (20) synchronisiert.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche, die ferner eine Haltevorrichtung (26) um-
fasst, die so eingerichtet ist, dass sie den stabförmi-
gen Rauchartikel (2) aufnimmt, wenn dieser das Ma-
gnetfeld passiert hat, und den Artikel (2) in der Aus-
richtung hält, die er beim Passieren des Magnetfelds
eingenommen hat.

11. Vorrichtung nach Anspruch 10 bei Abhängigkeit von
Anspruch 8, bei der die Steuereinheit (28) so einge-
richtet ist, dass sie die Haltevorrichtung (26) steuert
und vorzugsweise einen Betrieb der Haltevorrich-
tung mit dem des Halte- und Freigabemechanismus
(20) synchronisiert, wobei die Haltevorrichtung (26)
vorzugsweise so eingerichtet ist, dass sich der stab-
förmige Rauchartikel (2) drehen lässt.

12. Prüfvorrichtung, die eine Vorrichtung zum Ausrich-
ten eines stabförmigen Rauchartikels (2) nach ei-
nem der vorhergehenden Ansprüche und Mittel (32,
34) zum Prüfen des stabförmigen Rauchartikels um-
fasst.

13. Prüfvorrichtung nach Anspruch 12 bei Abhängigkeit
von Anspruch 10, wobei die Haltevorrichtung (26)
so eingerichtet ist, dass sie den stabförmigen Rauch-
artikel (2) beim Prüfen des Artikels mit dem Prüfmittel
hält.

14. Prüfvorrichtung nach Anspruch 12 oder 13, wobei
das Prüfmittel so eingerichtet ist, dass es an dem
stabförmigen Rauchartikel eine Transmissionsbild-
gebung durchführt und/oder die Vorrichtung Be-
standteil eines Prüfstapels ist, der so eingerichtet ist,
dass der stabförmige Rauchartikel (2) zwischen
mehreren Prüfstellen (16) herabgesenkt wird.

15. Verfahren zum Ausrichten eines stabförmigen
Rauchartikels (2), der eine Metallkomponente (4)
enthält, wobei das Verfahren Folgendes umfasst:

Erzeugen eines Magnetfelds,
dem Magnetfeld den stabförmigen Rauchartikel
aussetzen und
Drehen des stabförmigen Artikels unter Einwir-
kung des Magnetfelds,
dadurch gekennzeichnet, dass der stabförmi-
ge Rauchartikel (2) durch das Magnetfeld her-
abgesenkt wird.

Revendications

1. Appareil servant à orienter un article à fumer en for-
me de tige (2) contenant un composant métallique
(4), l’appareil comportant :

un moyen (24) servant à produire un champ
magnétique ; et
des moyens (20, 22) servant à présenter l’article
à fumer en forme de tige (2) au champ magné-
tique de manière à permettre la rotation de l’ar-
ticle à fumer en forme de tige ;
caractérisé en ce que l’appareil est agencé
pour faire tomber l’article à fumer en forme de
tige (2) au travers du champ magnétique.

2. Appareil selon la revendication 1, dans lequel le
composant métallique (4) est un suscepteur servant
à chauffer un substrat de formation d’aérosol.

3. Appareil selon la revendication 1 ou la revendication
2, dans lequel la rotation de l’article à fumer en forme
de tige (2) se fait autour de son axe longitudinal.
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4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le champ magnétique
amène l’article à fumer en forme de tige (2) à acquérir
une orientation prédéterminée.

5. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le moyen servant à pré-
senter l’article à fumer en forme de tige (2) au champ
magnétique comporte un dispositif de guidage (22),
et dans lequel le moyen (24) servant à produire un
champ magnétique est situé de manière adjacente
par rapport au dispositif de guidage.

6. Appareil selon l’une quelconque des revendications
précédentes, comportant par ailleurs un mécanisme
de maintien et de libération (20) servant à maintenir
l’article à fumer en forme de tige (2) et à le libérer
par la suite dans le champ magnétique.

7. Appareil selon la revendication 6, quand dépendante
de la revendication 5, dans lequel le mécanisme de
maintien et de libération (20) est agencé pour libérer
l’article à fumer en forme de tige (2) dans le dispositif
de guidage (22).

8. Appareil selon l’une quelconque des revendications
précédentes, comportant par ailleurs une unité de
commande (28) servant à commander le fonction-
nement de l’appareil, dans lequel l’unité de comman-
de (28) est agencée pour appliquer le champ ma-
gnétique quand un article à fumer (2) doit être pré-
senté au champ magnétique.

9. Appareil selon la revendication 8, quand dépendante
de la revendication 6, dans lequel l’unité de com-
mande (28) est agencée pour commander le fonc-
tionnement du mécanisme de maintien et de libéra-
tion (20) et de préférence pour synchroniser l’appli-
cation du champ magnétique avec la libération de
l’article à fumer en forme de tige (2) par le mécanis-
me de maintien et de libération (20).

10. Appareil selon l’une quelconque des revendications
précédentes, comportant par ailleurs un dispositif de
maintien (26) agencé pour recevoir l’article à fumer
en forme de tige (2) une fois qu’il a traversé le champ
magnétique, et pour maintenir l’article (2) dans
l’orientation qu’il a acquise lors du passage au tra-
vers du champ magnétique.

11. Dispositif selon la revendication 10, quand dépen-
dante de la revendication 8, dans lequel l’unité de
commande (28) est agencée pour commander le dis-
positif de maintien (26), et de préférence pour syn-
chroniser le fonctionnement du dispositif de maintien
avec celui du mécanisme de maintien et de libération
(20), dans lequel le dispositif de maintien (26) est
agencé de préférence de telle sorte que l’article à

fumer en forme de tige (2) peut être mis en rotation.

12. Appareil de test comportant un appareil servant à
orienter un article à fumer en forme de tige (2) selon
l’une quelconque des revendications précédentes et
des moyens (32, 34) servant à tester l’article à fumer
en forme de tige.

13. Appareil de test selon la revendication 12, quand
dépendante de la revendication 10, dans lequel le
dispositif de maintien (26) est agencé pour maintenir
l’article à fumer en forme de tige (2) pendant le test
de l’article par le moyen de test.

14. Appareil de test selon la revendication 12 ou la re-
vendication 13, dans lequel le moyen de test est
agencé pour effectuer une imagerie par transmis-
sion de l’article à fumer en forme de tige et/ou dans
lequel l’appareil fait partie d’une pile de test agencée
pour laisser tomber l’article à fumer en forme de tige
(2) entre une pluralité d’emplacements de test (16).

15. Procédé servant à orienter un article à fumer en for-
me de tige (2) contenant un composant métallique
(4), le procédé comportant les étapes consistant à :

produire un champ magnétique ;
présenter l’article à fumer en forme de tige au
champ magnétique ; et
faire tourner l’article en forme de tige sous l’in-
fluence du champ magnétique ;
caractérisé en ce que l’article à fumer en forme
de tige (2) tombe au travers du champ magné-
tique.
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