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Summary of Facts and Subm ssi ons

0040.D

The opponent filed this appeal against the
interlocutory decision of the opposition division
concerni ng mai ntenance of the European patent

No. 577 611 in anmended form

The i ndependent clains 1, 47 and 49 of the patent as
approved by the contested decision have the foll ow ng
wor di ng:

Caimi:

"“An inductive power distribution system conpri sing:

an electric power supply (2402);

a primary conductive path (2405) connected to said
el ectric power supply (2402);

one or nore electrical devices (2101, 2102, 2401) for
use in conjunction with said primry conductive
pat h (2405);

the or each device (2401) capable of deriving at |east
sonme power froma nmagnetic field associated with said
pri mary conductive path (2405);

the or each device (2401) having at | east one inductive
pi ck-up neans (23103, 24103, 2501) and at |east one

out put | oad capabl e of being driven by electric power

i nduced in the inductive pick-up neans;

wher ei n:
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said at |east one inductive pick-up neans (23103, 24103,
2501) includes a resonant conponent having a pick-up

resonant frequency;

and there are provided:

control nmeans to control the power applied to said
out put | oad;

characterised in that:

there is mechanical or electrical decoupling neans
actuabl e by said control neans to inhibit the transfer
of power fromsaid primary conductive path to said
devi ce during operation of said device by preventing
resonant current fromflowi ng in the inductive pick-up
means whil st the primary conductive path remains on,
thereby to substantially conpletely di sengage sai d at

| east one inductive pick-up neans fromthe primary
conductive path (2405)."

ClaimAarv:

"A vehicle capable of deriving sone of its power froma
magnetic field associated with a primry conductive
path (2405) supplied by a varying electric current,
sai d vehicle having at | east one inductive pick-up
means (23103, 24103, 2501) and at | east one out put

| oad (2503) capabl e of being driven by electric power

i nduced in the inductive pick-up neans (23103, 24103,
2501),

wher ei n:
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said at |east one inductive pick-up neans (23103, 24103,
2501) conprises a resonant conponent having a pick-up

resonant frequency;

and there are provided:

control nmeans to control the power applied to said
out put | oad;

characterised in that:

there is mechanical or electrical decoupling neans
actuabl e by said control neans to inhibit the transfer
of power fromsaid primary conductive path to said
devi ce during operation of said device by preventing
resonant current fromflowi ng in the inductive pick-up
means whil st the primary conductive path remains on,
thereby to substantially conpletely di sengage sai d at

| east one inductive pick-up neans fromthe primary
conductive path (2405)."

Cl ai m 49:

"“An inductive power distribution system conpri sing:

an electric power supply (2402);

a primary conductive path (2405) connected to said
el ectric power supply (2402);

a plurality of electrical devices (2101, 2102) for use
in conjunction with said primary conductive path (2405);
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each device (2101) capable of deriving at |east sone
power froma magnetic field associated with said
pri mary conductive path (2405);

each device (2101) having at |east one inductive pick-
up neans (23103, 24103, 2501) and at |east one out put

| oad capabl e of being driven by electric power induced
in the inductive pick-up neans (23103, 24103, 2501);

wher ei n:

said at |east one inductive pick-up neans (23103, 24103,
2501) conprises a resonant conponent (23102, 23103)
havi ng a pi ck-up resonant frequency;

and there are provided:

control nmeans to control the power applied to said
out put | oad;

characterised in that each device (2101) has decoupling
nmeans actuable by said control neans to inhibit the
transfer of power fromsaid primary conductive path to
sai d device during operation of said device by
preventing resonant current fromflowng in the

i nductive pick-up neans whilst the primary conductive
path remains on, thereby to substantially conpletely

di sengage said at | east one inductive pick-up

means (23103, 24103, 2501) fromthe primary conductive
pat h (2405)."

Clainms 2 to 46 and 50 are dependent on claim1 and
claim48 i s dependent on claim47.
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L1l The foll ow ng docunents cited in the opposition
proceedings will be referred to bel ow

D1: 40th | EEE Vehi cul ar Technol ogy Conference 6 to
9 May 1990, Ol ando, Florida; pages 100 to 104;
Manochehr Eghtesadi: "Inductive Power Transfer to
an Electric Vehicle - Analytical Mdel™

D2: US-A-4 914 539

E3: US-A-4 800 328 and

E4: US-A-4 007 817.

| V. According to the decision under appeal, D2 disclosed
the features of the preanbles of clains 1 and 49, and
E3 disclosed a vehicle conprising the features of the
preanbl e of claim47. The shunting action provided by
FET 96 in the circuit of Figure 2 of D2 only operated
during a portion of each waveform and nerely prevented
the resonant current fromreaching the output of the
pi ck-up circuit. The resonant tank circuit of D2 only
stopped resonating under a fault condition when current
delivered to the | oad exceeded a predetermned |imt.

E4 was not submtted in due tine and, since it was not
considered as relevant for the decision, was not taken
into consideration by the opposition division

(Article 114(2) EPC).

V. Oral proceedings were held before the Board on
10 Decenber 2003.

0040.D
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The appel | ant opponent requested that the decision
under appeal be set aside and that the patent be
revoked.

The respondent proprietor requested that the appeal be
di sm ssed and that the patent be naintained.

The appel | ant opponent essentially argued as foll ows:

D2 uncontestedly disclosed the features of the
preanbles of clainms 1 and 49. Contrary to the decision
of the opposition division, D2 also disclosed
decoupl i ng nmeans actuabl e by control neans as specified
in the characterising parts. The subject-matter of
claims 1 and 49 thus | acked novelty.

D2 (colum 9, lines 31 to 34; Figure 2) disclosed a
regulator circuit (72) which controlled both the

i nductive coupling between the primary conductive path
and the pick-up coil, and the power applied to a | oad
connected to output termnals. In addition, the

regul ator was short-circuit protected (D2, colum 9,
lines 39 to 42). If the load current exceeded a certain
[imt, resonant current flowwthin the tank circuit
stopped whil st the primary conductive path renmai ned on
(see D2, colum 7, lines 51 to 58). Wihen FET 96 in
Figure 2 of D2 was switched on, the tank circuit was
short-circuited and no transfer of power was possible.
The short-circuit woul d al nost instantaneously stop
resonance in the tank circuit and thus decouple the
device fromthe primry conductive path because the

i nductor 88 (connected on the |oad side of the FET 96)
could not delay the current decrease and the sw tching
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on of FET 96 was synchronised with the resonant
frequency.

The shunting function of FET 96 in Figure 2 of D2 was
al so the sane as that of corresponding switches in the
enbodi ments of Figures 12 and 14 of the opposed patent.
In both cases, the resonant conponent of the pick-up
means and the | oad were decoupl ed by di odes, capacitors,
i nductors and switches so that the resonant voltages
and power supplied to the loads were [imted to safe
val ues, and | oad current would continue to flow for a
short time even if the pick-up nmeans was conpl etely
decoupled fromthe primary conductive path. Wen the
vol tage across the pick-up coil was short-circuited and
thus zero, be it only for a short time, no electrical
power was supplied fromthe primary conductive path
even if current continued to flow through the load. In
the circuits of Figures 12 and 14 of the opposed patent,
a swtch (12T1; 14113) effectively shorted the pick-up
coil when the | oad vol tage exceeded a reference val ue.
"The result of this action is the power transferred
fromthe pickup coil is virtually zero" (patent
specification, colum 13, lines 41 to 50). Since an

i nductor (12L1; 14121) was connected on the power
source side of the switch (12T1; 14113) wth a
preferred rate of switching ("nomnally 30Hz") that was
much | ower than the resonant frequency of the pick-up
coil, the current in the resonant circuit would
continue for a longer tinme before decoupling could take
place than in the circuit of Figure 2 of D2 (colum 14,
lines 10 to 18 of the patent specification). Therefore,
the electrical decoupling neans in Figures 12 and 14
rather did not "substantially conpletely disengage” the
pi ck-up nmeans fromthe primary conductive path. These

0040.D
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circuits were inconsistent with, and did not constitute

enbodi nents of, clains 1, 47 and 49.

The voltage and current diagrans filed with the
statenent of grounds of appeal confirnmed that a circuit
as shown in Figure 2 of D2, sinulated under various

| oad conditions, went through phases of conplete
decoupl i ng between primary conductive path and pick-up
coil during each cycle of the resonant frequency when
FET 96 short-circuited the pick-up coil. The duration
of these phases increased with the output voltage when
a light | oad was connected to the output termnals. The
el ectrical power transferred fromthe primary path to

t he pi ck-up neans thus decreased, as did the anplitude
of the oscillations of the resonant circuit. It becane
al nost zero when FET 96 was cl osed during the whol e
cycl e under no-load conditions.

Claim47 specified a vehicle having the inductive pick-
up neans. Subject-matter with this sole distinction was
obvi ous because a person skilled in the art understood
fromthe disclosure of a resonantly and inductively
coupl ed vehicle systemin Dl that the regul ati on of
power transfer disclosed in D2 could be successfully
applied to vehicles. The subject-matter of claim47
equal Iy |l acked an inventive step in view of the prior
art disclosed in E4 and D2. E4, |like D1, dealt with the
Californian bus system which played an inportant role
in the granting procedure of the opposed patent. E4
descri bed vehicl es which derived inductively coupled
power froma primary conductive path, but did not hint
at a pick-up conprising a resonant conponent. Having
knowl edge of the regulator circuit for a resonant pick-
up with electrical decoupling as disclosed in D2, a
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person skilled in the art would have arrived at the
subj ect-matter of claim47 by obvious nodification of
t he i nductive coupling in E4.

The extensive discussion about the novelty of clains 1
and 49 and the error in judgenent of the opposition

di vi sion cogently denonstrated that the terns
"substantially conpl etely di sengage” were uncl ear.
These terns had no generally recogni sed neani ng and
were sel f-contradictory concerning the degree of

di sengagenent. It was thus inpossible to determ ne the
extent of protection conferred by these clains. In
accordance with consistent jurisprudence of the Boards
of Appeal of the EPO, such terns in a claimdid not
conply with Article 84 EPC

The respondent proprietor essentially argued as foll ows:

The clains of the opposed patent clearly defined the
differences with respect to the prior art disclosed in
D2 in that they specified that transfer of power from
the primary conductive path to the device was inhibited
by the decoupling neans. To achieve this, resonant
current was prevented fromflowng in the inductive

pi ck-up nmeans whil st the primary conductive path
remained on. In this context, the feature "to
substantially conpletely di sengage” said at |east one
i nductive pick-up neans fromthe primary conductive
path was clear as a statenent of effect which was

achi eved by the decoupling neans.

In power distribution systens of the kind described in
t he opposed patent, problens arose when a plurality of
vari abl e | oads were coupled to the primary conductive



0040.D

- 10 - T 0637/ 01

path. H gh levels of current could then circul ate
through a lightly | oaded pick-up coil and were

refl ected back into the primary conductive path. A
lightly | oaded pick-up coil could thus bl ock the power
supply to other devices supplied fromthe sanme primry
conducti ve path.

The inventors had found that this problem could be
solved by controlling the total flux Iinking the pick-
up neans (thus the flow of power) in dependence on the
actual | oad and by di sengagi ng the inductive pick-up
nmeans under certain |load conditions. This could be done
in a nunber of ways, nechanically or electrically, for
exanpl e by providing an auxiliary w nding which reduced
t he magnetic coupling. In a preferred though surprising
enbodi nent the pick-up coil was shorted out by closing
a switch across it and the capacitor of the resonant
conponent. In practice, this approach was quite radical
because a short-circuited conventional transfornmer
secondary would lead to a power failure and a possibly
dangerous situation. But this turned out to work well
with |l oosely coupled inductive power distribution. In

t he opposed patent, turning on of a switch to short-
circuit the capacitor of the resonant conmponent (as in
Figures 12 and 14) did not serve to maintain resonance
in the pick-up, but rather to prevent resonant current
fromflowing and to inhibit power transfer to the pick-
up neans, as was clearly specified in the clainms. It
was not necessary, in the circuits of Figures 12 and 14
of the opposed patent, to synchronise this swtching
action with the resonant cycles because inductors 12L1
and 14121, which were connected differently fromthe

i nductor 88 in D2, protected the switch from being

subj ected to instantaneous high currents. The duration
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of the short-circuiting had to be sufficiently long to
achieve the effect that transfer of power was inhibited
when the resonant current was prevented from fl ow ng.

D2 (and simlarly also Dl1) taught away fromthe
invention in that these circuits tried to maintain the
pick up circuit in a resonant (D2) or a near resonant
(D1) state. Many passages in D2 (eg colum 1, lines 64
to 66; colum 2, lines 30 to 35; colum 5, lines 35

to 39; colum 10, lines 10 to 12) nade it clear that
current was maintai ned through the pick-up neans of the
devi ce and shunted away fromthe |oad so that a
constant voltage was nai ntai ned across the out put
termnals despite | oad variations. FET 96 of D2 was
nowher e di scl osed as operating to decouple the pick-up
fromthe primary conductive path and prevent resonant
current fromflowng in the pick-up nmeans. To perform
t he shunting action in D2, FET 96 had to be
synchroni sed with the resonance frequency of the pick-
up neans and was only turned on for part of one half
resonant cycle. This switching action was incapabl e of
di ssipating the energy in the resonance circuit, which
woul d al so be contrary to the stated ai mof avoi ding
shunting excessive current (D2, colum 9, lines 35

to 39). The resonant current was rather held in stasis
than prevented fromflowng in the resonant pick-up
Though the instantaneous power in the resonant circuit
woul d be zero at four separate intervals in every cycle
of the natural voltage or current of the resonant
circuit, this was not a controlled feature of the
circuit, but part of the natural operation of the
circuit, and could not in any way be referred to as
decoupling. The reference in D2 (colum 7, lines 51

to 58) to the resonant oscillation being stopped was
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made in relation to a fault or overload condition, and
did not relate to controlled operation of the circuit.

The differences between the circuit of D2, Figure 2,
and the circuits of Figures 12 and 14 of the opposed
patent clearly energed fromsinulations carried out by
an i ndependent expert, the results of which were filed
in an affidavit. These sinul ations showed | arge

i nst ant aneous reactive power flowed fromthe primary to
t he pick-up which was not elimnated by the regulation
action in D2. Also the appellant's basic and abstract
circuit nodels filed as appendices to the statenent of
grounds of appeal confirnmed this because they showed
that during normal operation of the circuit in D2,
Figure 2, the current through the resonant conponent
di d not cease while shunted by the switch, but actually
i ncreased. Since the resonant capacitor was short-
circuited in this phase, the increasing current could
only be sourced fromthe primary conductive path.

Dl referred to an inductive power transfer systemfor
vehi cl es. An onboard control conputer tuned the system
in response to vehicle current demands by automatically
adj usting the capacitance of a variable capacitor bank.
There was no teachi ng or suggestion of conplete
decoupling. Likew se, there was nothing in E4 that
referred to control techniques for resonant pick-up
circuits or to decoupling. Since D2 did not disclose
decoupling of a pick-up neans either, the subject-
matter clainmed in the opposed patent was not obvious in
view of the prior art.
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Reasons for the Decision

2.2

0040.D

The appeal is adm ssible.

Clainms 1, 47 and 49 all specify "decoupling neans”

whi ch are actuable by "control nmeans". The latter
control the power applied to the output |oad. The
decoupl i ng nmeans include functional features: "to
inhibit the transfer of power fromsaid primry
conductive path ...by preventing resonant current from
flowng ...thereby to substantially conpletely di sengage
said at | east one inductive pick-up neans fromthe
primary conductive path". The neaning of these terns
has been in dispute.

It is clear fromthe wordi ng of these clainms, wthout
any consideration of the description and draw ngs, that
t he decoupling and control neans have to be such that

t he pick-up nmeans is disengaged fromthe primary
conductive path for a sufficiently long tinme, and to a
sufficient degree, that resonant current, in response
to actuation by the control neans, is stopped for sone
time and substantially no electric power is induced,
during this tinme, in the inductive pick-up neans. Since
the primary conductive path remains on and devel ops a
magnetic field, the nutual inductance between the
primary and the secondary has to be sufficiently
reduced to inhibit transfer of power.

The description of the opposed patent, starting from
colum 14, |ine 39, discloses the underlying technical
problem (in the context of Figures 16 to 18) and
enbodi ments of decoupling neans of the devices (see
Figures 19, 23 and 24). A lightly | oaded device
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(vehicle) shifts the operating frequency away fromthe
resonance frequency of the resonant conponent. This may
cause high levels of current circulating through the

pi ck-up coil and can bl ock electric power fromreaching
ot her devi ces because the nutual coupling M between the
primary and the device transfers an equival ent | oad
resistance to the primary side (patent specification,
colum 14, lines 42 to 49; colum 15, line 33 to

colum 16, line 15). By reducing the nmutual coupling,

t he magnetic flux linked with the pick-up coil (and the
i npedance reflected back to the primary) wll be
reduced. Decoupling and thus di sengagenent of the pick-
up means may be obtained nechanically (eg by physical
separation of the pick-up coil fromthe primry
conductive path; colum 15, lines 1 to 4), or

el ectrically by opening a series switch (colum 15,
lines 4 to 15; Figure 24). D sengagenent may al so be
obt ai ned by el ectro-nmagnetically reducing the |inking
magnetic flux. To this effect, a second pick-up coi

(to shield the main pick-up coil; colum 13, lines 25
to 27; colum 15, lines 23 to 29; colum 16, lines 23
to 30; Figures 11 and 19) or the main pick-up coi

itself may be shorted by closing a switch in parallel
with the coil (colum 15, lines 15 to 22; Figure 23).

It is clear fromthe description as a whole that the
devi ces nust include a resonant conponent having a

pi ck-up resonant frequency as specified in the clains,
but the primary conductive path is not necessarily
resonant. In response to action by the control neans,
the resonant current is prevented fromflowng in the

i nductive pick-up neans thereby to disengage it from
the active primary side and to inhibit the transfer of
power to the decoupl ed device.
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2.3 The circuits of Figures 12 and 14 of the opposed patent
are described as showi ng each a vol tage control neans
which attenpts "to maintain the output voltage between
an upper and a lower limt, and maintains the resonant
current within the pickup coil below an upper limt"
(colum 14, lines 34 to 37). The result of the

swi tching action which shorts out the pick-up coil is
t hat "power transferred fromthe pickup coil is
virtually zero" (colum 13, lines 37 to 52). However,

this is not inconsistent with the functioning of the
above nentioned enbodi nents. In the case of a lightly

| oaded device, the voltage across the tuned circuit and
the | oad voltage increase (colum 13, lines 42 to 45;
colum 16, lines 37 to 40). Wien the output voltage in
either of Figures 12 and 14 exceeds an upper limt, a
switch (Figure 12: 12T1; Figure 14: 14113) connected in
parallel with the pick-up coil (as in Figure 23) wll
short-circuit the pick-up coil and the tuning capacitor.
If these circuits are used as enbodi nents of clains 1,
47 and 49 (and not as additional circuits for

regul ati ng the output voltage), the switching action
has to be done in conformty with the principles
specified in the clains, ie the resonant current has to
be prevented fromflowi ng. This is possible because the
preferred rate of the switching action is nomnally

30 Hz (columm 14, lines 15 to 18) conpared with 10 kHz
as a "reasonabl e design figure" for the resonance
frequency of the pick-up circuit (colum 8, lines 42

to 46). In this exanple, one switching cycle would
short out nore than 300 resonant cycles, ie the
resonant conponent is short-circuited for a
sufficiently long tine to allow the resonant current to
decay conpl etely when the energy stored in the resonant
conponent s has been di ssi pat ed.

0040.D
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A person skilled in the art would thus derive fromthe
di scl osure of the opposed patent that di sengagenent

nei ther has to be one hundred percent to avoid a

bl ocki ng of power transfer to other devices, nor does
it have to imredi ately prevent resonant current from
flowng. In the context of the opposed patent, the
terms "to substantially conpletely disengage” the

i nductive pick-up neans do therefore, in conbination
with the other features relating to di sengagenent,
sufficiently clearly define the matter for which
protection is sought by clains 1, 47 and 49 (Article 84
EPC) .

It is common ground that D2 discloses the features of
the precharacterising parts of the present clains 1 and
49. The electrical devices in D2 are passenger seat
groups within the cabin of an aircraft havi ng passenger
entertai nment and service systens as | oads. The nutual
coupling between the resonant pick-up neans (70, 78, 80,
82) disposed at the novabl e seat groups and the primary
conductive path (68) within the floor may vary
significantly (D2, colum 1, lines 40 to 63; colum 3,
lines 9 to 21; colum 4, lines 64 to 68; colum 7,
lines 3 to 11). D2 discloses a precisely controlled
constant current source for maintaining a constant
current flow through the primary conductive path and a
specific voltage regul ator for maintaining a constant
vol tage across the electrical |oad w thout producing
unaccept abl e el ectronmagnetic interference and possible
di sruption of the constant current source (colum 1,
line 50 to colum 2, line 2; colum 4, lines 14 to 17).
The voltage regulator cyclically shunts part of the
current circulating within the pick-up neans so that it
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does not reach the output when the output voltage
across the load is above the desired nom nal |evel.
Under no | oad conditions, "two anps" (ie the full |oad
current) of the "approximately eight anps” will be
shunted away fromthe output while the full resonant
current will continue to flow in the pick-up neans (D2,
colum 2, lines 30 to 35; colum 5, lines 32 to 39;
colum 7, lines 34 to 36 and lines 48 to 51; Figures 1
and 2). Therefore, during normal operation of the
devices in D2, including no | oad conditions, resonant
current is not prevented fromflow ng and transfer of
power is not inhibited fromthe primary conductive path
to the devices. The shunting action provided by FET 96,
whi ch only operates during a portion of each waveform
(D2, colum 9, lines 35 to 39), artificially increases
the average | oad of the pick-up neans, by creating a
short-circuit condition for a brief period of each
cycle, to conpensate for variations in the |oad and/or
t he nutual coupling between the primary and the pick-up
means. In this way, resonant current can be maintai ned
flowing in the pick-up nmeans. In contrast to its
function under normal and no |oad conditions, the
control neans disclosed in D2 does not switch on FET 96
when the output voltage drops bel ow a reference | evel
(D2, colum 8, lines 17 to 38). If the |load current
exceeded a certain level, the resonance circuit would
becone detuned and stop resonating (D2, colum 7,

lines 51 to 66). The control neans woul d not intervene
to actuate FET 96 because there is no current to shunt,
t he pick-up nmeans is overl oaded and the output voltage
woul d be bel ow the reference | evel of the voltage

regul ator. Therefore, D2 does not disclose any
decoupl i ng neans actuable by control neans as specified
inclainms 1, 47 and 49 of the opposed patent.
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4. None of the other prior art documents discloses such
decoupling nmeans. This has not been in dispute. Since
D2 does not disclose themeither, it was not obvious to
a person skilled in the art, starting fromprior art as
disclosed in D1 or E4, to arrive at the subject-matter
of clainms 1, 47 or 49 by conbining it wth the teaching
of D2. The subject-matter of these clains thus has to
be considered as involving an inventive step in the
meani ng of Article 56 EPC.

5. Consequently, the Board considers that the anended
patent and the invention to which it relates neet the
requi renments of the Convention (Article 103(2) EPC)

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

D. Sauter W J. L. \Weeler
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