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DETECTI ON NETHOD AND APPARATUS | N WHI CH THE DECAY OF A PES
T IS DETECTED 5 10 This invention relates to article theftggﬁﬂqighgg;;l\
~ffore particularly it concerns novel apparatus and nethods for
electronlcally defecting the passage of protected articles through a

i nterrogation zone such as -a "wap desk" counter or the exit froma store

or other protected area. 15 The present invention constitutes i mprovenent s
over the stolen nerchandi se detection nethod and apparatus described 20 in {‘
United States Patent No. 3,740,742 to Thonas F.- Thonpson and Joseph W :
Giffith. That patent describes apparatus for detecting the passage of a
resonant el ectronic circuit through an aisle in a store through which
custoners nust pass. Plates or coils are provided along the aisle and 25

then are energized with pul ses to produce sharp electro- static or

el ectromagnetic pulses in the aisle. These - 2 - pul ses cause resonant
electrical circuits, attached to the protected articles carried through the -
aisle, to resonate for a duration followi ng each pulse. A receiver is )
provided to detect the resultant radiation fromthe 5 resonant circuits and
the receiver is gated to detect signals only after the energizing pul se has
termnated. Qther apparatus which..detect resonant electrical circuits by
generating pul ses and nonitoring t he resul ting radiation 10 fromthe
resonanting circuits are shown and described in United States Patents: No.
2,812,427, No. 2,899,546, No. 2,958,781, No. 3,117,277 and No. 3,373, 425.
These patents however, are concerned prlnC|2aIIy mnth | ong di stance si gnal
transm ssion and t hey have nothing to.do with 15 detectlon of stolen

articles.

THEFT DETECTION METHOD AND APPARATUS
IN WHICH THE DECAY OF A RESONANT
czxcurr Is nzmzc'rzn

10 This invention relates to article theft detection end more
particularly it concerns novel apparatus and methods for
_electronically detecting the.passage of protected articles
through a interrogation zone such ‘as a "wrap desk” counter
or the exit from a store or other protected area.

The present invention constitutes improvenents over the
stolen merchandise detection method and apparatus described

20 in-United States Patent No. 3,740,742 to Thomas F. Thompson
and Joseph W. Griffith. That patent describes apparatus
for dstecting the passage of a resconant electronic circuit
through an aisle in a store through which customers must
pass. Plates or coils are provided slong the uisle and

25 then are energized with pulses to produce sharp electro-
static or electrcmagnétic pulses in the aisle. These



%A/ﬁisadvantage of the above described theft detection nethod and appar at us,
“and of e devices of the other patents referred to above, if they were
appl¥ed to theft 20 detectionis that they are., or would be, susceptible to
fal se alarms caused by radi ation from ot her sources in the vicinity of the
appar atus. - The signal emanating fromthe res®drant circuit -is of extrenely
Iomwanﬁritude and it is easily overpowered by radiation from nearby

el esrical 25 gﬁi%@%E@ﬁdgéj}égbﬁé&@télegP£9E510E1 WPH%E?SS¥E éﬁ%hf£8”£he

nearby theft detection equi pnent; and rom'ri
transients wi t PrRtEsEedeatickeegApRied through thtes@llfSle,I ttmasemte

proposed 't 0 r e¢uee al A dAU I SFSILEw Phg OLQEE bﬁﬂbét'oﬁ é%%éf“&§ﬁk'ng

the nonitori ng aggv%rat us 30, sensitive on y_t he Specl i ¢ resonant

frequency of tRE ﬁﬁﬁ1F9(ﬂ?ﬁ?ﬁﬁFﬁQﬁeE?%BlB?PFcFé§1atH@We¢Emeﬁh$s

difficult irsprasonany @ﬂﬂ?&iﬁ.ﬁé\c&&i CEMEULbSegdel HBSQYARR alo Madse! y the
-sane frequency. . Mreover. 5 U|ts are, sonetlgﬁs subj ect to, detunlng

as when they aP& BF&@E@Q&? othe PRergiring: prlse’ R%ﬁ Yer A

resonant. circuit. Also this does not protect agalnst transi ent responses
om conti nuous Y ou ources ot her than the
resonant C|rcu§ts %§%¥% c#%éﬁlé&#%ﬁipfsﬁﬁgan &&ﬁ%?%hC% EIECSHhbRt
frequency of thy geaem‘arttlng rpnﬂ;SeS)eam@ dedrect e ng\cicine dieguloindi adiation
i fvention thwer Vi lﬁgﬂﬁ; d o |nterro ation
zone, an artic ebg‘f Q&n%rchanég 3\1‘}1 &?ésfgége%égan \?/Efla eo\ n’rﬂg a
resonant el ect PnégedciStatias Rﬁﬂentﬂnnuﬂmus2c8h§nﬁé7nganeén§99M546 No.
generating intgroegaiiedt NANY A7, 3P 498Med0 30578) 45 Ol =9 Batents,

el ectromagnetic’fiel’d energy insai'd in- terrogatlon Zone,” sai
bei ng separ at eBOHPVERreAFS FonRRERLS] PriReipeiiy Eﬂébtmmmayﬂﬁstﬁnnnﬁgy in

said 3 signal transmission and they have nothing to do with -

15 detectlon of stolen artlcles.

A disadvantage'of the-above described theft detection
method and apparatus, and of the devices: of the other
patentsrreferred to'abobe,;if"theypwere applied~to“theftﬁ

2Cridetection,is'that they are, or would be}rsusceptﬂﬂe to
false alarms caused by radiation from other sources iﬁ the--
vicinity of the apparatus.-'The'signalfemanatihg from the
resonent*circuit is of extremely low amplitude and it is
easily overpowered by radlatlon from nearby electr1cal _
'25==equ1pment such as lzghts, motors or sw1tches or even from
@, _'nearby theft detectlon equlpment; and 1n some cases from
rlnglng or transients within the detectlon equipment
& : ' : 1tself. It has been proposed . to ‘reduce the interference of
- other radiation sourceSTby;makingithe-mbnitoringwapparatﬁs
30 sensitivefonly.to-theaspecifiC-resonant-frequency'of the
circuits on the protecﬁed articles.’ However, it is .

: difficult in practlce to make those c1rcu1ts each resonate
at precisely the same frequency. Moreover, the circuits
are sometlmes subject to detunlng,'as when rhey are placed

35 next to a plece of metal or next to another resonant.
' - circuit. Also, this does not protect against transient

responses or continuous electric¢al noise from various

A



lnterrogatlon zone dur| ng the i nterval . fol | owi ng each pul se,» and 15 o
cans for actuating an alarmin response to a pre- determ ned am)unt of
§ariation of el ectromagnetic energy detected during said int erval s, said '
predet er mi ned anmount of variation being substantially the-sane as t_he rate
of Aecay of energy from said wafer cont3akning a resonant 20 electrical

ci Meuit: Al S(soafdéﬁl’ﬂtlﬁ‘él: ttﬁahhtlselfaé%hh@ncﬂl%%s'ﬁeﬂ{gO\ée%Qtéd ngiod. . for -
det ecting, - lréhl n; fer chandj se oh whi ch W

&{ at.ion, zo s a C! ? |
fast ened a vva erc YRR %s&ﬁﬁnfe%?'baé‘t Eﬁq’ueﬂcrycﬁiftt %ai d nethod 25
~conprising tH’@s§Pé{3§ %#rcugén@#mq fgteateds ogation signals in the form of

pul ses of el ect r onagmeing i:bei:!diserl@wggt%éh f@,leqfel Iﬂs I%Iejrvrlqgat ![ on éﬁgregys;alnd '
ul ses bei y etecting el ectromagne i C :
Eal d int erj:gg ??g%%%%ogoﬁégéﬁéilr@ £heh nr sy vgf’g?ibﬁ'b\ﬁPﬂ *edh "pul se, and
actuating an 3FtdFheif r“l?§58ﬂ§%1~°teo°& phichtisr frAtenetwumeiet  cen ation of
“el ect r omagnettiadnéngrayredenant eslledttirii 61 Shixduiill, es¥al Sppadheudr edet er mi ned
amount of "vardogbl-98i i ng. substantially the same as the rate of decay of 35
energy - from a waf er cont ai ni eg a resonant electrical circuit. The present .
i nvent.i on over conBe3sh &L p8RRETRARas| B%Be%gaaf'-gaoﬁﬂémaéﬁesno‘th Herprior art =
and - nEles ofopusr® ofn edbetranmgneti bef teldekpetgpnimeahadimnd appar at us of -
the type in \&'@!rgbg@tfcﬁxsgaﬁgt é’a{ﬁ%higé‘é ﬁeln%use?é:ﬁgédegyopnipé aqgt ed -4

goods is det ected usi ngaan |€eterro ga ul"se et ettion of

the resul ting si gf&d"S A8F aL.PFHEH § e P@Hl%fwgyrééo?ﬁﬁt circuit.
in  which t hdn§erregasdtdeni gometduxdngr tied )im&eelefhmmhg @acﬂsqmlseof 5
radi at ed eneagy . fromother sources or fromwnearby

¥

‘15 . means for actuating an alarm in response to a- pre-= -
'_'determined amount of variation of electromagnetic energy
detected during said intervals, said predetermined amount
of variation being substantially the .same.as the rate of
. decay of energy from said wafer containing a resonant. .
20':electrica1 circuit.
Also. according to this invention there is prov1ded

- a method: for detecting, in an interrogation zone, ‘an
article of- merchandise on which is fastened a wafer con-
- taining a- resonant ‘electrical circuit, said method
- 25 'comprising the steps of: .
generating interrogation signals in the form of -
pulses of electromagnetic field energy in said in-
.terrogation ‘zZone, said pulses belng separated by 1ntervals,
_ detecting electromagnetic energy in said 1nterrogatlon
30 'zone during the interval following- each pulse, and
B actuating -an alarm in’ response to a predetermined amount .
- of variation. of electromagnetlc enerqgy detected during
- said intervails, sa@id predetermined amount of variation
_ ' beingﬁsubstantially-the'same as the rate of decay of
_35 energy from a wafer containing a resonant electrical
'circuit ' '

The present 1nventlon overcomes the above descrlbed :

hor..disadvantages of the prior art and. makes pOSSIble an

. electronic theft: detection method and apparatus of the type

___in wnich a resonant electrzcal circuit carried on protected



K4
irmnltorl ng equi prrent The invention makes use of the fact that a resonan
‘el ec[ﬂsl cal, circuit continues to.resonate at a predeterm ned rate of decdgy M ~
after receiving 10 . an energ|2|ng pul se. - Thi s dlstlngU|shes the resona
-circuit fromtransients in the pul se generating systemand in the: ‘det ect or
i tsel f f{phi ch decay and subside al nost irmmbdiately after the energizing

pul se, as well as al..objects in the area which may al so resonate,
but ™6nly .15 forE’E’Q’%pgé b"{r"."e“f'Jt r P84R9 37 intezrgpatinguiuives fobéoves dnant
circuit fromcontiagndetectiertaf thle nessktivy cligmay raglades tdiem Lesonant
Jrequency of t he IgRRGPRAPEA Chy Cihel rgggng\@éc&:%qﬂtt nues at,, a. reI tively
~const ant aupl.i tud% \é‘ecL‘P“t e(i_ﬁ% basi ng the ‘Het ee1IBh 88 the rate
.of decay 20 _ of “fhe sigha |ﬁ8"8 ¥ Affgctefdsbyothe piresepcaseta
‘detection ar r'asngeﬁéﬁtia mqrsmérometh@elaomeedotOfﬁoﬁpﬂelrfolyc frequency.
This reduces the mpoatterDRy WduipwBheh the target resonant circuits have to
be tuned. It also permts the det ection apparatus to have a vmde frequency
25 response. The invention |s applicable to a sg.¢ nlve%tl desk"
where a detectiong geyﬂgef%csc Qilogl ded to detect the pr esence 8f’ 2EeY diemnt
cPrcuit wafer-on an article berng wEHer slegpricaly cixgyd sneenbinhdsheneby
renmind a sal esper §3%PRAte |t gepredeerninednabes Gﬁmddiyb%fltefrox\!@&lewmg '

The inventiolOis ahsenapziagbbalse. s (2E é"r&’fﬁﬂessﬁt CEPERRE: area ¢
r area to

antenna i s positigpg 0 or. other exit, -froma
detect the passag ‘?Lprot e%t gda‘é%ie“ts Ay |tBPeE“¥?%rﬁ%ﬂ?éa}§F09e%ymbmrae@ In

a more specific atpetthte defectavehtsalf malies. deeapfaddeubsgnal s1aedected in

g

the intervals fol immmyeag{ef i e@Qaki 2p ;%ﬁess " _This.js do e by

dividing the n betyeen eac ?‘2 int'odi \"?H’

'segnentg D E%tal " g@t§ e area wh may also resonate, but only
. .15  for-a very br1ef period. It also. d1st1ngulshes the

resonant circuit from contxnuous electr1cal noise which may’
1nc1ude the resonant frequency of the resonant circuit but
which continues at a relatlvely constant amp11tude without
';decay.- Also,by basing the detection on the rate of decay
-of the signals being detected,.lt 1is posslble to use a
'detection ‘arrangement which is not preclsely tuned to a |
| specific frequency. This reduces the precision with which
the target resonant circuits have to be tuned. It also

| permxts the detect1on apparatus to: have a wide frequency
25 .'resPonse. .

The invention is appllcable to a so-called "wrap desk“
'5':;:. "'f '. '.where a detectlon device is provided to detect the. presence
: C of a resonant circuit. wafer on an article being wrapped for

& 30 @ customer and thereby remznd a salesperson: at the desk
that the wafer should be removed. ' The
'invention is also applicable: to an exit detection system
where an antenna is positloned at a doorway or other exit.
- from a protected area to detect the: passage'ofeprotected
35 = ‘articles from the protected area. : ; '

In a more specific aspect, the 1nventlon makes use of the
signals detected in the 1ntervals follow1ng several.
interrogation pulses. Thzs 1s done by d1v1d1ng the

14



; _d by d| recti ng.the signals detected in corresponding time s’egrrents into
' responding signal accunulators, such as |ow pass filters. .The" si gnal
vel s in the different 5 signal accumul ators are contiiuously coifpared, and
—When the difference in the accumul ated si gnal |evel in the accuml ‘ators
- reaghes a predeternined amount, ansalarmis actuated. 10 - This invention

wi |t now bﬁmt@'%'l'sbﬁat\bé’eﬂ\@éé&f pmaaral enmt«h;f@fr%mneemteosémr%aw ngs, in,
'WhICh %ﬁ% i's ar5| e el vatlo v&ggvegf?fl -a e unter. i n which g,,
first embodeRY §FTERE 1"‘?“,"@”3“ s Y Py cof “sgmé b i ve |

vieew, partisgdmenits. sehemmesaﬁndansaﬁgeﬂaJdva#@wm@eéorn.c@mfmr{@tron Wwith
the enbodi rest- pofssFlfgltérs Fi orhe3 siignalt Dpvel ininyitde efi fEéeeprbodi ment of
Fi 1; 20 Fi i s.a bl ock diagramof the,enbodir of ., Fi Fi 5
O sga ser iy essb‘ignﬂiaa 3tERBVE cc’t%éngﬁte’?]é i On oF -t ea“edrrbg ??m%*%e of gFI g.
- |; .25 Figs. dﬁﬂfam‘h@Biar ghe aecwndladted ﬁear‘?ldl—ﬁ‘g?larhnofthﬁhe enbodi nent of
- Fig. 1. and,Eign,ta éo%sarQS[:ﬁQ@Cél ddte¥n@hed smeend, embadaemnisof the 30
_present inveniion. Fig. shows the invention used in conjunction with a
known -el ect?‘éﬁ‘i‘%tﬁqreft det ecti on systemsuch as shown and described in ,
Unlted St ates Patent No.- 3,600, 373." The 35 theft detectign systemis used
to ‘protdet Fhischayest 1osr cHAddiney REHISECTHRES Ph %A%t BFe *XBPBHRL hef t by

“shop- 1iftipgen FReemeRlcRCtRd 13000 £ £ 94 PV dledn it h-speci al - target wafers
.containing resonant electrical circuits . Wen an article having such a

vafer attaghed 10,0t L8aq 4<GREILAMA LALOUDH o 20000 Ol QIR eXit from a
. pr Ot ect ed I’ Iit I nctive el ec ron'agne I C
- : wh1ch a flrst embodlment of the xnventlon 1s used:; _ :

15 S L _ .
Fig. 2 is a porspective view, pai'tially in schematic, _'of‘ a target
wafer used in conjunction with the embodiment of Fig. 1;

: 1Fig;'3 is_a'top'plao view of.the'embodimént of'Fig;Fl}'

oo : L L AR
Fig. 4 is.a block diagram of the embodiment of Fig. 1l; .

~ Pig. 5 is é'seties:ofvwaveforms showingythe.operationjofo'
- ﬂ-thefembodiment.of'Fig.-l;
s

'Figs. 6A and 6B are a detailgd:circgiﬁ_diagram of the
embodimerit of Fig. l; and

Fig..7'is a pérspective view of a second émbooimehtcof-;ho'

~30 present invention. .

.Figull éhowé'ﬁhe invontion'use@ in;conjunctionowith a
known-éleotronic'théft”dofectiOn'system_sucﬁ*as;Shown
and d'e-_éc'r'ibea-in'-'-U-n-'ite'd_States'_P'atﬁé_'nt No. 3,500,373. The
35 theft deteéction system is used to protect articles of
merchandiée;.SuCh'aS foodé'ih'aostore,*frOM'theft by shop-
lifting. The pfOtecﬁod goods“ofe pfovidedoWith'épéciai-
target wafers containing.fesoﬁant_e]ccbricalocircuihﬂ.
'o:When an arﬁiclé having'éuch a waféf'attachbdrto”if is
ko carrled through a doorway or other exit from a protpcted

area, 1t causes ‘a dlstlnctlve' electromarneLLc



- di ' “th : xit. This disturbance is detected and an
-6-_d|s;urba?fsaﬁgdthevﬁggrrﬁg giofected goods are bought and p?Lgnfg;, a
alarn%\ls aChier renoves the wafer fromthe goods and they can Lhen >,
gg?prégr5cﬁﬁrough-the doorway or. exit mﬁthou; thghglg;gLngggaareninder-

i i ' rget wafer
The,gnbod!P?nt ?LeFLgéh%e?effctﬁealgatgrget waf er is not’ renDVﬁerr?g1the
Sher {ﬁz are bought and paid-for.. As shown'in Fig. 1t g'dashier -
' “a és%iers “wrap desk" or counter 10 .ina store mhereto urchase - -
el ves ficles-14 bei ng purchased. The;ggtlcles-14, pLLorticéFIy na
have spe arl waf ers 15 attached to them and® as shown schema cally in
E?ée ;pefhg waf ers;. 16, each have enbedded thggelnTﬁerazﬁgﬁgtlg b

Peuit comprising a coil 18 ' itor 20.

' it conprising a coil 18 and a capacit > stonor) 99 such
glt{gglhted t_gpt he a,r'_tq,’@ItEEbaEmebytatnaagaeiwa:,alowe{ﬁ.eai.ﬁ?%ﬂ dg-ﬁ];

Nk ' aFhanceeiss is
e oo 11 20 ot st iy, SIS O Bt
el 16 ai ached, SO0 RO PULE foFnc ek o iammueegives
V?];g{ror’ragnet i ¢ di SPir FRIREe ShPR Fendedhandetingt @lln AL CLL s Ly

. “r _ ; PRY rade. a
to be acti9attByoudtt thhednorvapeyiLloxid ‘L,ﬁg,!ohltngﬁeeﬁggré érﬁbisfggb\;er ade.
2L§:gher'22 (Fig. aptbvdtegs the article 14 to the wa

' ' i gi st cashi er
hier 12 receives paynent’ and enters same in a reglsbgri$4frolrfhe-
fﬁZn pfaces the wajer 16 on a special tool 26 to reno |

. ; i ' t for
: 30 WP RGIReRE 2ft Fid e lodeddtar i € JaiCRAF n& devi ce
ariicle btefo'o"lt’ ﬁ'e' CuB?QNp;QZSZQ.remTh&eS Regqkal néﬂgﬁggGﬁ\éaggigair %.EO pe|r1et ieCa| Iy
' SE\LIth;yShOV\h. | 10 Unadtced 96 £d,69 5P @rllﬁ?hg?d-ingmtf% §i9@g§ é:;he[no_gheyrﬁn}tebe a
rel easeabl e fast enﬁ‘éuéhi &'Ec??paqg ;.ore.. *As shown in Fig..

e id 1 there is provided
powerful permanent cashidrs “wrap desk” or counter 10 in a store where a

cashier 12 receives. articles 14 being purchased. The
L a}ticles l4, prior go;pufchase,-have spegia;;wafers-
;5°attaChed'to=fhemé and, as shown séhematicaliy in Fig. 2,
””ﬂ;'the{wafers;-IS, each-have émbedded,theréin.a résonant
. ‘electrical eircuit ébmpri:sing-.'a'-_ co

il 18 and a capacitor
'11'20;'7The-wa§ers"15 may bé]aﬁtachedftouthefarticles 14 by a
f:.magnétically releaseable fastener 22.suchfa§.shown in
20 ﬂnited.Statés:Patenﬁ-Hb..3,911,534. 'If an article 14 is

" _.brought out from the étoré:br from a protected area in the

' stbte'with~a wafe; 16 attéched,mthe resonant circuit in the
wafer will cause an electfomagneﬁic disturbance which will
bé_detected and which-w111 cause.an-alarm to be éctivated;

_ﬁ_" 25 when, however, a legitimate purchase is made, a customer 22
o o (Fig. 1) brings the article 14 to;the.wrap:desk 10 where
: sr'."- _'5' : -'the.cashieralz receives payment and enters same in a

- register 24,  The éashiér_then places.the-wafer'ls on a
'5pééial'£oql 26*to7rémOV§'igffroﬁ the article before _

30 wrapping thé'artigle'or othe:wise'preparing it for delivery
to the éﬁstomeivzz.'”Thg'special tool-26 may be a chopper
device su@h_as-shown in Uniteq States Patent No.:3,748.936;

or, if a magnetically releaseable fastener is useq on the
_ wafer 16,'£he'3pgcial ﬁocl may be a powerful permanent
. 35 magnet. S o o |



/Q\

Y essgpe?ﬁsgnénoahe ggagagezg igehs deLectlon devi ce 28 accordlng to the
in Fig. 3, the detection de
pbggrlze?egEItransn1tter antenna 30 in the formof a two turn Yeg?angular
elghi oo cong 5 dantenna 32.is the formof a two turn rectangul ar firgure
erght Toop ¢ Mhltﬂethguzat;n5|de3ghe éransn1tter antenna and an eictronics,
nnas and 32 are connected.. The ele
c
hasuLEeggrghlihbe ‘described nmore fully hereinafter.. 10 When t he cagL?QLC
p e purchased article 14 for delivery to the customer 22, t he

cashier passes the article across the w-ap desk 10 over -the antennas 30 and

. 32.

- The regl on of-the wap desk
over t he ant ennas ‘30 and '
constitutes an interrogation zone. Wen the transmtter aﬁtSenﬁg 30 is-

. energized it produces el
‘whi ch induce (F:)urmbﬂ@ieqeri‘e‘f%ﬁéﬁo gﬁé’rﬁq‘ E‘belgsdtetgf‘t'% ladbged oAt i on zone

~_wafer Fig, zone

3 and current flowcagrding lte e m‘-’eeW*&:dF‘E’eW’r‘f“'geﬁ%.r%ﬁneggl ec%r onmag

_counter-decoder

__-to a puI se form ng circ

cl sturbances o 3| ghayotit o mevie emetioes GuFaRAmILYeF APYD0E, €§t'c 20
be detected by t eﬁ%? °§’{| og d?\?ﬂoggarxp%g%tamﬁedl&mt i vt o
(rje{n nd the cashiamtennar¥risethid ‘\f&f%g fg ‘?‘rh‘%ﬂe?ég%ra itk | £ Btract I?,Xat 9 he
sgeﬁCt ![ (ﬁn devi caaifiti Soah@antaindd JuRt d‘t“&gfiﬁrﬁ}feottﬁ?ﬁl tg’; % As nm;) the.
o %\Ahdgﬁc&oﬁkeﬂﬁnodﬁﬂemcb Wi dothecaRkenRgs ;30 ana 32 O°

0 e 88 wil
120 ki | ohertz wh%h SPRRETPPIi e?‘(et oiqfﬁgf%f)%ﬁt 2?%:;0%?1 418b30<_3|._ehz<:;t1éeéf about:

count er.- decoder ijlfvilélléshec‘ﬁé‘é% Y¥i*ses by eight and produces out put pul ses

In
) o O ot oyt e eepare ong sgoeahastapzsbels St
whe eV¢ca rOND [His peepanesl ¢h¢ ggurghasedg)argﬁc éd onnect ed
elrl\';le}:y4to Hp SJLtBEnQQUﬁ%S the cashier passes the
©, article across the’ wrap desk 10 over the antennas 30 and
32. The region of'the wrap desk over the antennas 30 and ’
© 15 32 constitutes an 1nterrogatron zone.. When the transmitter
" antenna. 30 ‘is energrzed 1t produces electromagnetlc ‘fields -
in the 1nterrogation zone which 1nduce currents in the
”.resonant circuit of a wafer 16 in the zone and current
. flowing in ‘the wafer c1rcu1t w111 generate electromagnetrc
2Q-d1sturbances or £1elds which in turn 1nduce current in the
receiver antenna 32.° If the wafer 16 has not been removed .
from the article it w1ll be detected by the detect1on :
‘device 28 and an. ‘alarm 36 will be act1vated to remlnd the
a cashler to remove.the.wafer. ' '
._.25. . ‘ o .
B The electronics ‘module 34 of the’ detectlon dev1ce 28 is
shown in block dlagram form in Fig. 4. "As can be seen,
' there-is prov1ded a clock: 38" whach is: connected to a .
counter-decoder .40, The clock 38 generates pulses at a
30. rate of about 120 kzlohertz whrch it supplles to the
N counter-decoder 40. The counter—decoder 40 div1des these.
'pulsesrbY"eight and procuces output pulses in succession at
erght drfferent output +erm~nals (a), (b), (). (a), (e),
(f), (g) and (h) Two of the output terminals (a) and (e)
'35 are connected to a pulse forming circuit 42 waich produces
very sharp spike pulses. These spike pulses ‘are amplified
in a power ampllfer 44 and are then supplied to the:

K3



very sharp spike" pdlses- These spi ke pulses are anplified in a.power
_anpllfer 44 and are then supplied to the -8 transmtter antenna 30.

The<Eransmitter ‘ant enna produces a correspondingly sharp and short durat|on"','

‘el ectromagnetic interrogation field; and this field induces electrical
currents in the resonant circuit in the wafer 16 when the 5 wafer is in the
vielpity of the transmitter antenna. The resonant circuit thereby disturbs
t hesef ectronagnetic i nterrogation field by radiating el ectromagnetic¢ fields
of its own at its resonant frequency. These radiated fields fromthe wafer
resonant circuit cause correspondl ng . 10 curgrents to be induced in the

" receiver antenna 32. The receiver antenna 32, as'shown in Fig. 4, is
connected to a variable gain band pass anplifier 46. Signals which pass
through the anplifer 46 are detected in a square |aw 15 detector 48 and are
anplified in a-l owt¥anepishey aakpnnd &0 .50The THansBiYher AREAARBNRTdNsSSt Rer 50
i's anplifi ed i n. ancettespatdingly shamptandl stonel Bhedtiod aslkedtroheghdrdek, via

a'gain control Iln@né%eogaelamf@éiai fa%agaa{s ineisleun%edspa%&@m:lfler 46.
Anot her out put of the via.a |line

%3b to an anal og sﬁﬁreﬁ‘ggén 2%8 f?%?ﬂat“ﬁegg "t“&tf ?‘?stt“eaﬁagg clgnﬁh%\'bc%I ators
or | ow pass fil tSer$as® ARdisghergipindtept dtep ¥ ansintan| anteppa. (ke (g)
‘and (h) of the 25 resutahereilrnddethek@byr ¢ismrbectied electimmaanatg switch

54. The signal s onuhé‘@r%%gsewn rfagﬁaqﬁu%saim %ié&:@ﬁawe&' r@rf&m% ggal s

fromthe | ow frequency. a

an lators -
or |low pass fil terd %@"ﬁnngé: fef)?'eatfrlt gf?ﬁ‘ﬁ’éﬁyfl RS S S THY ‘g"@rlﬁécg'rﬁlﬂ%t ors or
filters 30 accummuFiR® tBRevdfexc apsenpitgeireidoransr %r?wl@llgﬁal s fromthe
| ow frequency ampl chrmnts0tovtec inaticafpl tied rieoeir@maat ehrdee 32i.Mes
determ ned by the S|gnals at the term nals (c) (d), (g9) and (h) of t he

count er - decoder 40
The receiver antenna 32, as shown in F;g. 4, is connected

to a variable gain band pass amplifier 46. Signals which )
- pass through the amplifef 46 are detected in a square law
15 detector 48 and are amplified in'a low frequency amplifer
f.5°; The output. from the: amplifier 50 -is amplified in-ah
automatic gain control amplifer. 52 and is ‘fed back, via a
gain control line 53a, to- adjust the gain. of the band pass
‘amplifier 46. Another output of the low frequency
20 amplifier 50 is applied via a line 53b to an analog switch
54, and from there to first and second accumulators or low
pass filters 56 and 58. '

. Four other output terminals (c), (d), (g)“and {h) of the
25 counter-decoder 40 are connected to the analog switch 54.

2 , - The signals on these terminals cause the switch 54 to
_ R direct sxgnals from the low . frequency ampllfler 50 into the
& ' _ flISt and .second accumulators or low pass filters 56.and 58

at predetermlned times. These accumulators ‘or fxlters
30 accummulate electr1cal charges according to the s1gnals
from the:low:frequency ample1er_50 which are applied to
- them at the times determined by the signale at the
terminals (<), (d), (g) and (h)_of:the_counter-decoder 40.
‘The’ other output terminals (b)-and. (f) of the counter-
35 decoder 40'afe aot ccﬁheeted.to any other circuit. . The
charges accumulated in the accumulators'or.filters 56 and

58 are_eompared'in a voltage comparator 60. When the

v



other output terminals (b) and (f) of the counter- 35 deceder 40 are

ri connected to any other circuit. The charges accunulated in the

cunul ators or filters 56 and 58 are conpared in a voltage corrparator 60.

When the = -9- voltage charge in the first accumulator ot | ow pass filter
56..exceeds. that -accunul ated in the.second accunul at or 1 ow pass fil ter
58by a predeterm ned amount (corresponding to a reference i nput-62-),
output. i.s produced by the 5 voltage conparator. - This output is appli ed 0
a-alarmactua- tion - circuit 64 which causes-the output to be extended in
ti'me.. This extended output is applied topn al armdriver 66- which
activates the alarm 36. 10 The outputs (a) and (e) fromthe counter-decoder
40, which are supplred to the pulse formng circuit 42, are also applied to
a NOR gate 68 which in turn produces an enabl e signal on an enable |ine 70.
The enabl e line ig) GRnesifsk tia the fixed sassulaphi bretow@agfdttbiffes the

. band pass 15 arfplﬁ f!%,greetdg f}?iéngkcﬁﬁﬂfﬁleﬁ ni i E&Ebrfdeaecmlaabtema 32°to

be detected in t uar e- gtector 4 r e &8l Lur ation
- fol | owi ng the - ocdawreafse o1t 58 PY (ft &FPBY “e.gran%uPE :'%%gbrranr{%rl in -
whi ch the det-ect itena desifiecends iopotafdls 8B @&Pé’d‘tlf r%"’éf‘&% Bndlfet i c -

di st ur bances P O%§€ é))eohggrg;ga‘rer hoi < datpet geeappnetdhgotq Alagrdactpeam of

b 100 o M OUt ab & < tReu ultseseerxta aed e of ‘
about 120 KHz. THowe g S“it ts*l Hﬁi&?‘éa&&@ 19d 3@!.59& n

are shown at a/e:og ﬁgnFrg 5 .
are spaced by 8: 3nntcm®se8¥3hﬂse’{*§F‘F‘fda‘?ﬂ}P“Fhﬁ/ al?g B Of “about [err].
The count er - decoggivéd araﬁurclesamvatr@inwea{ll#abﬁsof Its different outputs

- (a), (b), (c), (d.), (e), (f), (g) and (h) in succession ‘for the duration:

bet ween successi ve puI ses fr (o B Eh S&u'glggged%autm,am;ahom by -
correspondr ng 1eurthés ts( T{J%e( z ?iog:m)i:g cz)rcug.g)tl'fmgrémls%f Fig. 5. .

are suppl:.ed to the puls
‘applied to a NOR gate 68 which in turn produces an enable
. signal onm an enable line: 70. The enable lzne is connected
. to the band pass amplifier 46 and causes the band pass
15 ampl:l,f:.er to permit s:r.gnals from the receiver antenna 32 to
be detec..ed in the square-law ‘detector L8 only for a
: prede-te_rmmed durat:.o_n following the occurrence ‘of --‘f"n 4

interrogation signal.

20 The manner in which the detection device 28 oPe'rat'es to
.- detect the electromagnetic disturbances produced by the

wafer 16 can be seen in the timing diagram of Fig. 5. As

pointed out above, the clock 38 produces. pulses at a rate

of about 120 KHZ. - These pulses, which are shown at curve

'-."25.' () in Fig. 5, are spaced by 8.3" m:.croseconds (,u.sec..) and. . P
- they have a w:.dth of ‘about 3 J4 sec. The counter-decoder 40 -
'produces an output at each of its. dlfferent outputs (a), - .

(p), (), (4), (e), (f), (g) and (h) in: success1on for the
. duration between successive pulses ‘from. the clock 38.
" 30 These outputs a.re shown by correspond:mg curves (a). (b). -
() (d). (e). (f). (g) and (h) of Flg. 5 '

" - Curve N in F:r.g. 5 represents the voltage output of the NOR
gate 68. It will be seem that’ tlus voltage becomes _

35 negative dunng the occurrence of each pulse from the
outputs (a} and (e) of the counter—decoder 40._ .

£



Curve Nin Fi,g. 5 represents t he vol t age out put of the NOR gate 68. It
. W l}l.be seemthat” this voltage becones 35 negative during the occurrenc
. each’pul se fromthe outputs (a)-and (e) of the counter-decoder 40. - -10-

Curve T of Fig. 5 represents the voltage across the transmitter antenna 30.

It Wi kR be seen ‘that the transmitter antermad® eceives a large and very

nar T.OW~ negative spi ke voltage at ‘the begi nning of each pulse from5 the

ouluputs (a) and.(e) of the counter-decoder. 40. These negati ve vol t age

spi kes are prefer vokt d th y. hav duration_| &ss t han

[err], preferabl yag"l% fﬂer%‘] Zl:égseés e%sﬁgégt F{']/ee ‘500 aé’e agﬁ?ﬁ SAuse the

transmtter ant ennhrwﬂldtgénéﬂa?@n%(ﬂor-esﬁéndihbl13/8 sﬁ?@tnp thatj m%r rogation

gul Eeiol n tT Ee for rrwénsaimte&onaﬁeeﬁﬂa: ddcRlidesi & Iélegé/la%kinb&%(yoﬁaxtm Wrag .

es e-inte 0 [ £ S&P interval s correspondi ng

to four pul ses fro{r%éﬁ "TQBEH 931& eout% %Perr? Hrgn 4 ?airl'ep"ilf F%trﬁm _
waf er 16 attach&d- Fhe | Wtmpusd 6a t#féivx‘r%)pOéefrkel@OUW?érrdteﬁeéefl?ﬁerr%ét?l on -
pul ses are being- geé@srﬁtved,vonlaegelqciwaragaepwféﬁtﬂryr anhtomfdcﬂl&B awhl |

| nduce al ter nat i ngugdl hefe Ol QUELL1ADS oSS UARTL GLIGIL!, BLaElE BT .5 This|

snduced current flowin the wa clrcuit continlies a te y short
durati-on interrogathfF 20 THEFESIREP ARERFivantet YR FRikegdeaie tiie
alternating curr entréd.-m/!tltl&rt hﬁt&miaemmltbcgehefhm nicrirespdhd énd it &harp

torresponding tg the dggtq,f RATH féesc'irc ,E e, yaf el t?ﬁﬁé?ﬁétfcgfftlgliﬁs

produces ‘a corfespon Erectr gnet i C ance in .
el ectromagnetic fi b‘Fd’:t!ﬁ vigipi by |§haj@éay| ﬂg‘-"’arﬁsﬂ-l t Fhe iAtenecaatdioni ty of

. the wafer. The graﬁw&éw a@GCQEbﬂﬂa@é@(Hyr mm&&eélsccénelsg,oanedgxce& 30t he
waf er .circuit mduceg Ir’frespgﬂ rrent f% V\‘_a the recetf\{ner antten
32. 'However, for PheHuril Sf 3"(? SlI 88°%a)"of“ C&F " fr preice

’\Qount er-decoder - A4 withe a wafer 16 attached is located on the wrap desk
- 15 when these interrogation pulses are being generated, the

electromagnetlc interrogation fields will induce
~ alternating current flow in the resonant circuit of the
" wafer. This induced current flow in the wafer circuit
. continues-after each very short duration intetrbgation
20 pulse has ended;’ and the amplitude of the alternating
"+ ‘current. flow’in- the wafer circuit diminishes at a rate - -
'cqrrespondlng,to.the Q of the.wafer.clrcult. The wafer
current in turn,preduees e_correeponding electromagnetic f
_ disturbance in the form of an electromagnetic field of
*25-.gfaduallyhdeeaying amplitude in the'vicinity of the wafer.

‘The gtadually decaying:electfomagnetiC'field produced by
_the wafer circuit induces correspondzng current flow in. the
_ receiver antenna 32. However, for the duration of the

30 pulse (a) or f(e) from the counter-decoder 40., i.e., a
duration of aboutSB/aseé;”fOIIOWing_the'interrogation
.pulse, the NOR gate 68 prevents the band pass amplifier 46
from passing any signals. generated by the reveiver antenna
32. This isolates the:reeeiver from the:largé;amplitude

35 fields generated by the transmitter antemna. As can be

' seen in curve T, the voltage across the transmitter antenna

does not come to zero immediately after the negative -



Aration of about [err] following the interrogation pulse, the NOR gate 68
levent s the band pass anpllfler 46 from passing any signals generated by _
(he reveiver antenna 32. “This isolates the receiver fromthe |arge
anplitude 35 fields generated by the transmtter antenna. As can be seen
in gurve T, the voltage across the tTadsMitter antenna does not” come to’
zeﬂd‘innedlately after the negative =~ voltage spi ke has been dgenerated."

Instead, t{§1£488S gb&ker n4Y tiden heepapgLaas! t T viiuh | heneat ensariadien | y‘d'
- settles to zero” By preventing fhe band. gass anplifier_46_from %iSIHQ :

5|gnals(ﬁN¢h§agﬁebFSPPFs[ﬂ?ﬁkﬁFY%l?BQAﬁ eFﬁéﬁ?%ﬁnQW%ﬁ?%$18f53
i nterrogatignzepbse By i Wﬁ@gt‘é@é Banar PAYY td; 1ﬂﬁ@fazxedfdbai urbance

w Il pass into,the recelver ve R 0 epr.es al |y
decayi ng @@ﬁ%}niosﬂﬂﬁ%éuw%rﬂl% g gﬁ“pa?ésl ‘f}t%o i‘ g er :
after the {\Whe9ateohs d!a%:erh&b&wh:é@stbandpn e dplid Iﬁiséﬁedl thatafrioer

t he-first %grr% f.ol | ow % é %log t he transn1tteé géerrogatlon
pul se. BiELETs rate BH Fﬂcﬁhgﬁﬁﬁuﬁéfﬁeﬁf Rt &8Por 48 and

t he Iom1fr§eca5vguency anpllﬂler .50 and is then applied to the analog . -
switch 54. It wll Dbe noted that the received signal ext ends over the
remai nder of the interval between suc- cessive interrogation pulses and it
decays at emreepaneﬁ-mmgﬂ 5 atepredénss theagnaﬂuﬁiky|decaymngqseqnaka
-high Q eson ty Si a | elﬁpgr | |

used. §8d§¥88t %ﬁﬁe \ﬂgety lc? r%f h ﬁ%s%gl at’ téq’l t o%&% %I gé"\leﬁérlfgrlgees In
“the presenNoRngaHE|6B mharenabkéddbhaybghdtmasﬁgﬁmvl:ép¢§séﬁbed Jdep curve
‘R of Fig. d C € t el I rm ned
rount osREbProEhBn kA D Mecel] E8 IRNANS MRY IRibRafloR BedBeI T T
The armunttn&nshu.s.t@mai;nh%rm%nannpﬁlby odi Ihea m@cemeﬁesegm sigynal
o 91 eagRboRee T A Sedhat 1 BRSALES 1S ARIchE BUI Hel fferent
o 5 quency amp11f1er 50 and is then applled to the analog

switch 54. It w1ll be noted that- the - received signal
extends over. the remalnder of the interval between suc-
cessive 1nterrogat10n_pu}ses and.lt decays at an exponen-
tial rate. This is a characteristic,uniquetto.a high Q
20 Tresomant circuit signal and it is the characteristic which is used.
S - to detect the Wafer circuit'and=isolate'it_from”electrical_"
| " noise. -In the present invention’ the rate of decay of the
signal'repreSented hy curve R of Fig. 5 is detected and
N o when it is ascertained to be at a predetermined'amount;
25'correspond1ng to that of a wafer c1rcu1t, an alarm is
| act1vated. The amount of thls decay is ascertalned by
dlrectlng the recelved 81gnal into dlfferent accumulators
_or.low-passufllters.SG_and=58_dur1ng_d1fferent,t1me seg-
- ments inmeach;intervalsbetWeen_SuccessiVefinterrOgation
'3o;pulses and:byacomparing the amplitudes of the signals in
the accumulators or filters 56 and 58. When that differ-
ence reaches a. predetermlned amount the alarm 36 1s
‘actuated. The dlfferent t1me segments are establlshed by
" the analog sw1tch 54 wh1ch operates in response to 51gnals'
" 35 from the- counter-decoder 40 to direct signals corresponding -
| to detected electromagnetlc fields into the accumulators 56
and 58 at different time segments in .each interval.

@



rents in each interval between successive interrogation 30 pul ses”and by
. cOnp@{i ng.the anplitudes of the signals i'n the accunulators or filters 56
< and 58. - When that differ- ence reaches a predeterm ned.anount the alarm
‘is actuated. - The different tinme segnents are established by the anal og
-’swi t cH 54 whi ch operates in response to signals 35 fromthe counter-decoder
:-40 t0 ditect signals corresponding to detected el ectromagnetic fields into
 theyagggnul ators 56 and 58 at different time segnents in each interval.
i -12- gxirve F represents the voltages applied to the analog switch 54 from
- the oltputs (c) and (d) -of the counter- deced® -40 and curve S represents
: the voltage applied to the analog switch 54 fromthe outputs (g) and (h) of
i the 5 counter-decoder. Wien the outputs (c) and (g) are positive, . the
: anal og switch. .54 directs the detected.si | fromthe | owf requency.
" anplifier into the fFEE BISRREPRRGT iBF'?%‘GSSsa??’rﬁegr egtne Rl“gg,ggmmn t e
- outputs (d) and (h) swiechi4 tfrea, thehousmatod duprd (B4 of the topunherdet ect ed
; I10 si gnal fflro_m t-_hg._.--._ laevoliecmrcany eulde bi ﬁépﬂd&ﬁﬁtﬁ"hﬂléﬁﬁmﬁdgﬁwl ibat €y gf o
“low pass filter 58. As,F;%sc ; al , : [ S,k r 3¢5 nd 5
. 0@ not receive any stlhang rgtg _%&fgﬁskggﬁgi:] ‘3?84:%\,“![{%3 ?#e (}hﬁi ?Fa%‘egn of
an interrogation St GRIPtEETSATOEST he WERIY tRHER i $9lerd6(9)k 258 kept

di sabl ed during thi posiitive, Ahsoammgicdghewitdh tSdedivechaulithe odetantefli $ignad 56
. and .i3_8 receitv.e.t an)(/bifirgﬂah(lfL!foiv?ﬁréchfénc&@fﬁpl[iéﬁi"e}: ﬁesob-,thle. QiréﬂJraicEGm&ithftotz" :
. positive outputs and. of.. un - de r..he . e_o S

b e a5 LU, 380 AL e WBER %2??{;%3%3 3t (&)

.are not connected tot ¢h '54. eri od
i fol | owi ng i nitiati oR*8f PREkYivient Eve GRALPErs'HiickeSt sAifsCctasEhr A8t epEiuci ng
“an 4l ar m because Norsiggal hirost ithe Idwe fhaqdernmysanphptieri dntdtcties senamd ed by
- the NOR gate 68.and J@dahufOB: be fowlRRECs PNYatENY AORAEI bOdh ekprhindd,! !
al _SO be Seer.] that byth\é] iéwlcj epaosfs.rflzt:'fte%l'!st .gg-tgm{ @8 g_g-dnot.'".re_ceive é'n‘y signal
o ' - for the first 8 A& sec. following-the initiation of an _
. -~.interrogation signal bechuse-the:band,paSs-amplifier 46 is
+ 15 kept disablediduring.this time. Also neither of the
.;accumulators-or-filéersisé and 58 feceiVe“anY'signal during
n-V.theSnexts8)uiseca;“i.e.?during“thefpositivefoﬁtputs'(b)wand
' ;(£)-0£ the: counter-decoder ‘because -those outputs are not
'+ -connected to.the analog switch 54aﬂ"2he-9eccnd:8}/uséc.
- 20 period following initiation of each interrogation pulse is
not used forvproducing'an'alarm-because'dﬁringfthis-time
‘the band pass amplifier 46 is enabled by the NOR gate 68
and must come to a stable-operating'condiiion. '

- 25 It will also be seen that by virtue of:the'outputs (c) and
(g) from the counter-decoder 40, the analog switch 54
. .directs the detected receiver signals into: the girst
A - Co "accumulator or low pass filter 56 ‘quring the third 8 & sec.:
' ' . period .following the initiation of each ‘interrogation
- . 30 pulse.  Similarly, by virtue of the outputs (d) and (h),
. the detected receiver signals are directed into the second
accumulator or low pass filter S8 during the fourth 8ftsec.
period following the initiation of each interrogation pulse.

35 Thus, afterreach-interrogation'yuisexthereriSwa delay of
about 16/1sec. Then-fecéived-and'detected:signals are

- directed into the first accumulator or low pass £ilter 56



§)" from the counter-decoder 40 "t he anal og svmtch 54 directs.the
¢t ect ed receiver signals into the first * accunul at or .
~gr low pass filter .56 during the third [err] sec. perlod foll owing the
initiation of each |nterrogat|on 30 pulse. Simlarly, by virtue of the
ougputs (d) and (h), the detected receiver signals are directed into the
setond accunul at or or | ow pass filter 58 during the fourth [err] sec. ..
~period following the initiation of each interrogation pulse.” 35 Thus,. af t'ef
each interrogation pulse there is a delay of about 16 [err[ sec. Then ..
- received and detected signals are directggl into the first accunulator or -
|'ow pass filter 56 -13- for a duration of about [err] sec. and o
thereafter the received and.detected signals are directed into the second
accunul ator "or | ow pass filter 58, also for-a duration of about [err] sec.
Wien a resonant fer ra:dutav\iainepfha@tﬂeéﬂ%Pc-eﬁeﬂgﬂieé'eaﬁyelt Hae reegivedat i on-
pulse it Will, bgsaereceddidignhigiare atmsitedutnt® thesgemind after the first
Lerr] sec interyali bulolhe Smpl bddiie: pled b, féf‘é@f@k%%ﬂ%@%nwsed by
its resonance W Qi mnis termnéd rate, also. endent on its
" Q ‘Thus, duri ngP®He SAFeee aHHe’F Tt s v i Féf?‘]"‘tsé’@‘feﬁd?aﬁ i 8%2 following *
.. the int errogaﬁl eneyiized by heaiptennodetidn puhse didt wéldd becghae bl t age '
. directed into. ”i@sfliir il Q ACEIHTIhad o @Esbiiepassed ithecEir i 16gAge@at er t han
(the amplitude of qa‘?&ﬁtefé’&gﬂ ﬁQ'é@QﬁedH&% a@semantc cSgRand

accunul ator %&a ta %s agcurmul ated in
t he accunul at orbY0¥tﬂ FREPRARSS ML Adimdpl Sba BaPLHie T’ t he vol t age

conpar at or. 60; abso debehdents@ht dte G.n Thesf |dr15i-n%1($@enﬂhhﬁ)lanér £PRApass-
filter 56 exm?ed $dat ghpadftmss e6 DIV ing CtHalliat errayation pase,f thé er 58 by

the amount. of a {3% %ch‘v | tgggecztcedagi)%ﬂaqdka 1&J1§15§¢f:1?é’de'1ﬁ€ott§{em nal 62

. of the conpar at roduce an
- actuatlonngutpugirst accumnlator or loW'pass fllter l%s greater tﬁa éne.

amplitude of the- detected s;gnal voltage directed into the
.second accumulator.ox Low pass. filter. 58..:The. s1qna1

15 voltages accummulated in the . accumulator ‘or low pass
filters 56 and 58 are compared in'the voltage'comparator

. 603 and,.if;the-voltageﬂinﬁthe-first;aceumuiator~or low
L ' paes filter. SGIexceeds that in . the second accumulator or
- "+ .. .. low pass filter 58 by the amount of a reference voltage
" . .20 applied to the reference terminal 62- of the comparator 60,
' the-voltage-comparator will produce an alarm actuatlon
- output. ' -

e Tﬁe'output froh the voltage comparato: 60 may last for only
'25-1a very small fractlon of a second. Accordingly, this
. output is applied to the alarm actustion circuit 64 where it
"is stretched for:a. predetermzned length’ of- “time depending
on how long one wishes the alarm' to' sound. The'signal from
. the alarm: actuation circuit: 64 is then applied to the- alarm
30 driver 66 where it is. ampl1f1ed so' that 1t can activate the
alarm 36. ’

. ..It-will be appfeéieted from the foregoing that the present
‘invention detects'reSOnaht circuit targets and distin-
~35 guishes them from noise and fronm other electrical circuits -
.'based upon. the Q of ‘those. targets.. ‘That. is, the s1gnals
produced by .the target response during successive time



i i : \ for only 25 a very snal
' tput fromthe voltage conparator 60 may: | ast
:ch?,ﬂog of a second. Accordi ngly, thi shogtfut S fggle![ Z(rjn;[ ﬁeéhfeﬁlg?hmof
‘actuation circuit' 64 where it is stretche or ap 1ot N

he alarmto sound. The signa ro
‘ti me depending on how [ong one wi shes t o
lied to the alarm 30 driver
‘the al }’,mactuatlon circui-t:-64 is then app e e
: anplified so that it can activate the-alarm
\gggg'gc?fat Ieg f;rgmthe foregoing that the present invention. det ects rﬁsonant
;circuit targets . and distin- .35 guishes themiyrom noise and fLotm ot tQLe
el ectrical circuits based upon the [err] of those targets. Tha I-Sl4-
;signafs proeduced by the target response during successive time 4 " when
t n. the int L betwegn i.nterrogation pul ses are conpared an

fﬁgnggms)alrl son show? éﬁlentgdéf’eﬁfﬁ ABEeTYRdn jet¥epmAptennadet don gluases antelat i ON
‘signal is generat ed°°%eidn%¢1twlun theg GompaniEche sREWA WS Brog 122 ndAPd | tude .

_does 5 not change atheng adea:egﬂmtaed drilaBaf® é&%ﬁtld}? sqgﬁg%”iggggxlzgrnal from. .

t ui t i
?oLEfSQ?QM gl relcegt r?géeirnr‘{gllggéﬁ srg'ar eser’n‘tols?\#’acg ?l'iq?}dé ¥Plifrude edanst ed
‘stgnal during thg thAf cfhgﬁﬂef‘tﬁnat Rr$datepningd ’-‘éBFaﬁts dossfid debagimn
“interrogation pul seSignalyifren (s rabonantt kebr cpite wapsk § ITRav old aﬁ@e@ﬁWf@EO{s

.60 wi |l not produceprssentit Put .cofBi@speie éf&&&@éf%l%ﬁveé@r%“ 1 e ggt vmblel

cal | se cause
Srfeft egebgp:):]?egrgéﬁ%ﬁ%;a%o@{) ﬁ% % te“&%uﬁﬁﬂ“& ofurdf| B‘@\?;ﬁ%dfﬂé ers 56
'an(rijé and the 15 %% B SRS cfusdtdenr Salilondeg win linbergpel o ont
“the noise vol tab%s "fﬂiebﬁo#mtvchem #hd [thei ﬁ@iﬁég@ae&%aﬂa@c&f@ q,ge g(r:?egr
60 but the vol tage ubt bEo@UEE aRAFEMHLRY HdkaWaE el ¢y P c.?‘&; epigne CoLe
20 - The present i nygnyi ggtagesgfg LSt |dng¥|§tes resonan 3

| cuits and espresence of electr:.cal noise
'
| Other el ectrica C'b cause the noise voltage will simply be applied equally to

both' the accumulator of low pass filters 56 and 58 and the

15 detected wafer signal voltage will .be. superlmposed on the
noise voltages. The noise voltages will simply cancel in
"“the - comparator 60 ‘but the voltage difference - caused by the
- wafer circuit will be detected.
- 20

“The-present-inVention also distingu1shes resonant circuit
wafers -from other electrical circuits and metal objects
- which. do not have a high Q. Those circuits and objects may-
" be'driven to emit- electromagrietic field disturbances by the
" interrogation pulse, but because of their low Q, they will
'325-3experience a' very rapid decay in’ current flow through them
after the interrogation pulse has terminated. Thus by
' delaying detection for a period of about. 1%/1 sec. _
follow1ng the 1nterrogation pulse. the device of the present
" invention w1ll not- be subject to the ‘influence: of nearby
'30' electrical’ c1rcaits angd- other ‘metal’ objects whose resonance
" will ‘have terminated in that period.. It has been found
. _ that the invention operates well when the Q of the resonant'
. wafer circuit is about 120 although resonant- c1rcu1ts with
a Q ‘of less than 100 can also be detected. '
- 35 - ' - .
‘The present invention also has very. low: susceptlblllty to
- the effects of wafer detuning. This is because the band

"t



i ch.-do not have a high Q Those circuits and objects nmay be driven to
_~gm t el ectromagnetic field disturbances by the interrogation pulse, but.
’);, jecause of their tow Q they will 25 experience a very rapid decay in
current flow through them after the interrogation pulse has termnated.
Thus by del aying detection for a period of about [err] sec. follow ng the

-m%’errogatlon pul se the device of the present invention will not be subject

to the influence of nearby 30 electrical 1%ircuits and other netal obj ect‘s“ '

“whose resonance will have termnated in'that period.. It has been found
that the invention operates well when the [err] of the resonant wafer

circuit is about 120 al Nk CSRNARb Sdatli 14w HetBoEoiQ48l cpesstet han 100
can al so be det cRA%%y32™ %kg#g 4 2

present. i nvent .o S, Vehy cl;éwce
susceptibility tdetess. éf-gft?étssrﬁfa VBE8: P 35 %ﬂégﬁ?s s bec tc ke band
-15- pass. anpl i f 464s 46tadekectetheneseney febctdh® RaS ‘i)éﬁpgf’e et ect

signals in a wi d?};&a% efudd<c QugERiciagne tite £deld ol syBERATNRSE a‘ét%ct the.
- presence of a_wa e Ldti\fﬂd khc€a thaSpadsariceoafignet i C
field distur bﬁncﬁ%"‘?ﬁ 5e3uerp&n ghOriddts na

- I th
presence of a wat¥eferhabaged d’;ﬁ\éfe?n Fﬁléefg&g]&{%t ']l-_{m? @éeﬁagoﬁiumfse‘éé S e.

er tinues to
~resonate. and cauggssrat@l eﬁaramgnenlqiehte?@@%f-ﬁr%ée L#EERR8Rt i nues

“and. whi ch decayswﬁqc g@gsegﬁanﬁd;dhaaecéyﬁ latwa rredkgernined Fbht i on

-

o
pul-se.. 10 In the pre erreg enb nent yafLr circuits are built to have -
“%ﬁéﬁ%ffl P

a resonant frequéﬁ&%'b’f“gaﬁbﬁt ‘(KHz) and a. 0 of about 120.
The bandpasslo anplifier 46, the square l-aw detector 48 and the ég
frequency. anpl i f i@l +h& praferfed amhodiddnt the d@tféétcgﬁfgﬁéﬁsaﬁﬁ nod range of
1500-2500  KH = Li bW éé%ﬁax\@fﬁf w8h&y DEPEboUENased kiiopents | (KiZIdaRE. a
: resul tant resonarﬁ aQ Lge %%QC¥28 Ouﬁaxﬂa@QQs K'é.%pia..'i@:.érQllSQf Haosduare(law
o : 'detector 48 and the "low’ frequency. amplifier 50.are arranged
mis to .detect s1gnals in the range. of 1500—2500 KHZ. If two
' such wafers are superimposed-they will produce .a resultant
resonant .frequency of ‘about 1600 KHZ and .a Q of about 100.
.}.uThis ‘altered resonant frequency - is well within. the
.detect1on bandwidth of the device and the resulting Q is
20 - still high enough to maintain a- distinctive decaying
' resonance . for a sufflcrently long duration following an
.interrogation pulse so. as to be detected.

Although the wide handwidﬁh, i.e. 1500*2500 'KHZ, of the
25 receiver is’ w1th1n the broadcast: bandw1dth of AM radio
.-statzons, 1t w1ll not ‘be affected by transmissions from _
; those statlons. Firstly, the signals from rad1o stations .
"which: are distant from the receiver antenna 32’ w1ll be
" applied: equally’ to. the two. loops of its. figure eight . )
;r3df conf1gurat1on and will effect;vely cancel. Secondly, radio .
braadcast transm1551ons do not produce the- gradually
- decaying: 51gnal amplltude which characterizes a resonant

- wafer.

35 The detectlon apparatus of the present 1nvent1on also
' 'avoxds possxble false alarms by requiring several re5ponses
from a . resonant wafer being detected. This is carrled out



This altered.resdnant frequency is well w thin the detection. bandw dth of
the device and the resulting Q is-20 still high enough to maintain a
di s€inctive decayi ng resonance for a sufficiently long duration follow ng
ar. interrogation pulse so as.to be detected. Al though the w de bandwi dt h,
i.e. 2500-2500 KHZ, of the 25 receiver .is. wghin the broadcast bandwi dth
of ’AM*Y‘adI o stations,- it wll not be affected by transm ssions fromthose
ststions. Firstly, the signals fromradio stations which are-distant from
the receiver antenna 32 will be applied equally to the two. |oops of its
figure eight 30 tmwriiegacatinobatod ar |lowebhest filtlarsc&Acehd S8ec @athy,

radi o broadcast t4&ads1atb?Nsr dfs Ny Brcgqﬂﬁfaié'@ agr&'QE‘@U Yo dSEPH Fo Shgnal
anplitude which characterizes a resonant det ection appar at us

of the present invBRlitifeaP otté‘\’/oq"tfs“ﬁSéstP‘éa]f%laé’@léFﬁrﬁ% by r &gheral
several responsesafre@pnantewafentwiddl erupei hige diétrsdt edcumdha tgor orcdowi ed
out .. - -16- ingth s%CCE‘i'I‘dLEt% & d&iﬂxﬁ@sé lfxiéﬁé‘:r %o’i@a@@dtﬁﬁm tHePGRcond.
accurmul ator or filter accunul ates a ﬂg accgg ésh% tQ t e anp 5 tude. of
the detected si gr%ff"é‘”’é'gﬁlt%dmfo}?”f PasRI tf & r G gAEERES RS \Hqtl"'eéause
she first accunulttertwor vbdtragepasiil okt be g‘:ﬁeamerac:qanr eha 18 frencevol t age
than the second %%eats% 2t hﬂé/"n%%%thét@érﬁ%alt B QEfFl‘?é %Q:a%%t ween

the two voltages will “not be greater than the reference voltage set” at the
Pef erence t er ni ndfCHERTFEOFh80 ¢ oI HAMFYSEorphf Y DT EARF ChRBERT D e vol t age
charges in- thdolcammlaltatoor okoW passasiliers 96 apd aAddeBaylepdytequit e

slowy; and if, nglmlg;maathggt f&mtgg%ls SOUALL, Waler 1S

still "present, addltlonal getec ted val tages W | i'verted i nto the

“accumul ators or |TRFIRR8S FREeR LS sidlgPEgsent pdddsdanehefetediEdes and,
further, to 15 i ncrlsagest kéllibd atizereednittei theespeonuletahargesow pass

/ngentually When ¢ji1ters 56 and 58 to increase their charges and, further, to
15 increase the difference in their respective charges. Eventually, when -
'-7about eight such: increases have been caused by a

"jcor:espondlng.number of successive interrogation pulses,
_ the ‘difference in adcumulated charge”in the two
'”“7‘-accumulators or 1ow pass filters 56 and 58 w111 be
'20*sufficient to ovarcome the reference- voltage applied’ to. the
'voltage comparator 60 and the voltage comparator will:
produce an. output..

. fThe invention is also especially advant&geéﬂéJin‘that the
25 operation of the detection device is not adversely affected
_ by the presence of other nearby detection devices. This is
v - _ . because the amplitudes of the signals prqduced by swept
o ~ frequency or other éontinuous intefrogatidn'detection
Q __7 - : - o devices do not vary in the manner of a decay1ng signal
o 30 from a resonant wafer. Also, nearby pulse type:
' minterrogation'devices.dp.not adversely affect the operation
" of the device because éach'device has a'slighﬁly different
clock frequency and +the occurrence of 1nterrogat10n pulses
from one device are not in. synchronism with the detection
* 35 durations of another nearby device. Thus it is very
unlikely that the other device will be triggered by the
interrogation pulses of the first device.



: out eight such increases have been caused -by a cor r espondi ng nunber of
N iccessive interrogation pulses, the difference in accunul ated charge in
N¥he two accumulators or |low pass filters 56 and 58 will be 20 sufficient to

overcone the reference-voltage applied tg_the voltage conparator 60 and the.
~ volitage conparator will produce’ an. ourb&?.'The invention is also _ .
espéci al | y advantageous in that the 25 operation of the detection device;i}
not adversely affected by the presence of other nearby detection devices.”™
. This is because the_anplitudes of .the sig dyeedibyasaetdm f r equency
or other cont iFkgfrs Giﬁnfﬁﬁi‘rgﬁa‘f‘?‘tﬁ%ﬁé’?gc i'?)?\*%le%}ireges do_ NQL. Yy v the
manner of a depmwing ai grafeBted raimcyiteSOREIAYIRIESR. "°AIST) nearby pul se
type interrogat i--ﬁ(g%{; Sl\éiscgi_gpe nPlodkl\Ganaehy af fRict- tthe Fperatight ot %he
- devi ce. because® 1 device_has’ a‘;ésli Wi Y« dhfd e &ttedc lanak ebusguemncy and the
~ occurrence of Fige®3ad gﬁ EﬁY%eseef'gom one devicg a}.]e Qg&.,?i D syfghr oni sm
" with the dekecsperntdd sdviataoherbfy anddhé&henSif Y W8S "Thius it 1s very
unlikely that ﬁeaoé_zgeg dehegeotit]indie drei pgoybdedyra mhontBifidgat i on S
pul ses of the r3T° device. - . -_1-7£he|:iv%§?io@é".-QDQck@%gIQm&t'i_ouut:e- a conplete. .
circuit diagranpsneﬂﬁQEf;?‘ﬁr@?&??%d clrcui't configuration for each of the
"~ conponent s of ahsgbiwodixﬁtggréWIOf Fig. 4. The circuits of Fig. 6A and 6B
- have been built and tested and found to 5 operate satisfactorily. 1In the 4 -
circuit diagrans of Figs. 6A_and 6B sn%[d,' QYrlsi Ne8pad P gD \dnde dotids show
~whi ch conpokenfrbearalyes (fh Wevegl%?g%s oc.ks-sof‘et Ee block. - Ji.a0cauRl -
Fig. 4. 10 Th@péakHesmadutdws:ureri apd F&?'s‘{forté‘f o&P8Ei YOS Shd col s and
't he manuf act ur Q‘%qg_tgpgkéﬁggin.qhheneCEmmmnwingstghéﬂﬁ.in,Fig. 6 are given
.in the follow ng tabl

i es. Resistors:- (Values are in Chms. K represents
! Oh@)- ' Re'si_s'tof;; - '.'(:Val.\.xés gre_-_in-dhms. K.represer’;ts. kilohms) -
~© Resistors - ( ze. . _
15*'31-200h _j”_Rll—isk | R21-100
 pe-200 - R12-100 R22-1K
. R3-100  R13-12K | R3-IK
o CR4-12K . | R14-12K | R2f-100
: . 20 R5-12K | RI5-6.8K . R25-100
 R6-5.6K. RL6-6:.8K. “__R26flK
| R7-5.6K R17-6.8K ~ R27-IK
. RB-5.6K R18-6.8K " R28-100
- lR9-5.6K : _ R19-240 o R29-9.1K N
25 R10-15K - " R20-240 | R30-4.7K
R31-4.7K R41-10K © RS1-3.6K .
R32-4.7K R42-20K R52-220K :
. R33-4.7K ~ R43-20K R53-1.5K .
30 R34-12K - R44-5.1K R54-1.5K
. -R35-240  R45-10K. RS5-220K"
| R36-2K © R46-10K - RS6-250K
R37T-3K  R47-10K R57-10K
R38-3K R48-5.1K R58-1K
35 R39-390 ' R49-5.1K - RS9-1K
R40-39K 'R50-3.6K_ - R60-1K



15 RI-200 ,
R12-100
R23- 1K R4- 12K.- .
R5- 12K .’
R16- 6. 8K

R27: 'K RB-5. 6K

ng*ﬁ o
7K R31-4. 7K~

R32- 4. 7K

R43- 20K

R54- 1. 5K R35- 240
R36- 2K

R47- 10K

R58- 1K 35 R39-39

RA0- 39K
R66- 10 R62- 1K'

R64- 750 5 R65- 1K fenaGpHtors (Values arein
Ug rgais§ents m crof arads) -10 Cl-80-380 PF

pi.cof ar ads.

R11- 15K

R22- 1K R3-100
- R14-12K

R15-6. 8K

R26- 1K R7-5. 6K

_ Rl B- 6. 8K .
R29-9. 1K 25 R10- 15K
RA1-1CK -
R42- 20K
'R53-1.5K 30 RS/}lezK'_
RA45- 10K
R46- 10K :
R57- 10K R38-3K
goL-750 U RABS&IK
R62-1K R50-3.6K . R67-51

R63-10

R67- 51585310

arads

'R21-100 R2-200
R13- 12K
R24- 100 20

.R25-100 R6-5. 6K

R17- 6. 8K
R28- 100 R9-5. 6K
R20- 240
R51- 3.6K

R52- 220K R33-4. 7K

R44-5. 1K
R55- 220K

R56- 250K R37- 3K

R48-5.1K
- R59- | K
R61- 750
' R68-5K

R60- 1K

PF represents

CLl-O 1 UP _ C21-2.2 UF C2-0. 01 UF C12-0. 001
" C22-15 UP C3-0.01 UF . C13-0.001 UF
C23 0.01 UF C4-5. G_Eé@u?&s (Values are. :u@lérgdg PY re t s 0 on
CS-47 PF picofarads reOQ:l S T'UF 1o 0.0
- Rfar ?) 3¢) esents microfaEads) (1 UF
10! €1-80-380 PF c11-0.1 uF _ C21-2.2 UF
- €2-0.01 UF ' €12-0.001 UF . €22-15 UF
€3-0.01 UF C13<0.001 UF €23-0.01 UF
C4-5.5-40 PP C14-0.001 UF €24-15 UF
. C5-47 pF - ' €15-0.001 UF €25-0.1 UF
- 15C6-0.01 UF ' C16-0.1 UF " €26-0.01 UF
C7-0.01 UF . C17-0.1 UF- '€27-470 PR
C8-5.5-40 PF C18-0.1 UF - - c28-15 uF
C9-47 pr . €19-0.1 UF - c29-15 v
- €l0-0.1 0F  €20-2.2 UF . | €30-15 UF
20 : o |
C31-15 UF. ' €36~1000 UF
€32-22 UF €37-0.1 UF
. €33-0.001:UF ... . . ¢38-1000 UF
' €34-100 PF - - :€39-0.1 UF
> ' 25 €35-100 PF | |
» Coils L
" L1-27 microhenrys
. L2-39 microhenrys
30 h
) Rectifiers L
 CRL-1N914 | CR6-L.E.D.
. CR2-1N914 CR7-1N2070
© CR3-1N914 .. CR8=1N2070
35 CRr4-1N914 " CR9-1N2070
CRS-1N914 CRIO-L.E.D.

€

4



-0.01 UF - C17-0.1 UF = . C27-470 PF C8- 5.%5-40

B C18-0.1 UF ' C28 15 UF C9-47 PF

£19-0.1 UF ' - C29-15 UF C10-0.1 UF. C20-2.2 UF
C30-15.UF 20 C31-15 UF - - C36-1000 UF C32-22 UF

‘C37-0. 1UF C33-0. 001 UF ' C38 1000 UF C34-100 PF : '
C39*‘€1 1 UF 25 C35-100 PF 8 . C0|Is L1 27 mcrohenrys L2- 39 —
m céwhenrys 30 Rectifiers CR1-1N914 - .CR6-L.E.D. - -1 N914 u
CR7-1 N2070 CR3-1N914 : _ q%070 35 CR4- 1N914

CR9- 1 N2070 CR5-1 N914 o CRld -19- Transistors and
Integrated Circuits QI-@8 _- Mtorola MPS 5172 @ - Mtorola ME
1100 Q10-Q13 - Mdtorola MS 5172 5 Ql4- Q15 - : - 2N2219A

UL- Motorola. MC 34AQ6:sWdrdcams zhumfmt:sram& U3 - National NE 555 10

W- Mbtorol a MC 14 25 U5 Vj oro [ [ exas Instrurrents TL082
. U7- Texas InstrunE' [ ! E? 3 torola MC 7815 .
- Q9 - Motorcla MJE 1100 :
Q10-Q13 -Motorola MPS 5172 :

5 Ql4-Q15 -+ 2N2219A

UML-Motorola MC. 1496L
_ Uz-Texas Iqstruments-TLoaz.
. Us-National NE 555
10 y4-~Motorola .MC 14022B
- - Us-Motorola MC 14016B.
: UG-Texas'InstrumentSwTLosz
~ U7-Texas Instruments TLO82

15 VRl-Motorola MC 7815 | e
. VR2-Motorola MC 7805 . .
VR3-Motorola MC 7915
" VR4-Motorola MC, 7905 .

20 The numbers on the wire connections of the solid state
componentsﬂrepresent the pin connections to those
. components. '

_ 'As can be seen ingfig;gGAlsnd 6B the clock 38 is formed of
. 25 the solid state component U3 and associated resistors and

capacitors. It generates the waveforu C 'shown.in Fig. 5 R
which, in the illustrated embodiment’ is a- serzes of square -

wave pulses at a frequency of 120, 000 pulses per -second. . R

30. The countéredscoder 40 is made-uprofwtheNSOlid-state
: ‘component U4. This device receives the pulsQ'train'from
-the'clcck 38 and generates eight lower repetition rate
pulse trains shown as (a)-{h) in Fig. 5. The high levels
of these pulses are equal in time duratxcn to the clock
35 'perzod and they occur in sequence.



VR2- Mot orol a ,MC 7805 VR3-Motorola MC 7915 VR4-Mdtorola MC 7905 20  The 40
nunbers. on the wire connections of the solid state conponents represent the\ =«
pin,eonnections to those conponents. As can be seen in-Fig. 6A and 6B t he
clock 38 is :formed of 25 . the solid state component U3 and associated,
-resistors and capacitors.” |t generates the waveform C shown in Fig. 5
. Whi. ¢l »xln the illustrated enbodinent is a series of square wave pul ses at a .
f rggliency of 120,000 pul ses per second. 30 - The counter-decoder 40 is nade -
up of the solid state conmponent” U4. This device receives the pulse trarn -
fromthe clock 38 and generates eight | qQwgp Lepetition rate pul se trains
shown. as (a)-(h) in-Fig.~5 The high levels of these pulses are equal in
time duration to the clock 35 peri od and they occur in sequence. . - 20-
- The NOR gate 68 conprises a portion of the solid state conmponent U3, the
rectifier CR3 an@hasERRigatedqd aompriges aTpdrtionr ofiither sebid/ gtabeat puts (a)
ﬁndd(e) frgm t he coapoidit- Udfﬁcﬂdei:eéﬁﬁlad qwahatefso%iauésere&hbebréyrnsht hﬁ '
an ass a e e 0, s hi

d p rmh?os £1243181 Lo 1605 UddiBts O Pitha (0d) ok Und Befhedds N0

| evel . The pulse acrtors

rm
and resistors R6P ‘R%’E “%lgc?ﬁeéi"tesa§ Rblsed f‘f‘é’?e‘ﬁgf‘ﬁt? bBgRass The
ti me const ant s5 olmphifkerc#6 coft shan eeietéijeasmmutto(ar)} cm‘uée) aaatr ove pul se on

their respect [ vehagapwvsemhenever their input changes froma lowto a high
éondition. This circuit has-dual inputs and Qut puts. It.is supplied via

dual parallel buffers, 15 consistin he tran5|stors 0, and 011, from
outputs (a) and (8F BilsenECEming: Bet ‘g‘é‘é‘oaé comprises thgy e _"sitGFst% pul se
form ng network 4#Rda€3s codneetisdovs RGJURAErRE4, which act as .

10 differentiating means. The time constants of these
. circuits are: adjusted +to produce 'a narrow pulse on their
respective outputs whenever -their input changes from a low
. to a high condition. ' This. circuit haa'dual inputs and
.. outputs. . It is supplied via dual parallel ‘buffers,
~15 - consisting of the transistors Q10 and Ql1, from outputs (a)
-:3ando(e)'55.the“counterédecodet 40, ‘The outputs of the
_z_pulsefforming network 42 are cdﬁnected'via'buffers,.
. consisting of t:ansistorS'Ql21and'013}.£o tha_pOWer
amplifier 44. | S ' .

20
'Thefpower amplifier 44 comprises transistors Ql4 and Q15
which receive dual inputs- from the pulse forming circuit
42. The transistors Ql4 and QlS are operated class C and

-ﬂthéy-conduct'current from :he'poweffsupply (CR9, €36 and.

25 ¢37) through the transmitter antenna 30 whenever either of
-its inputs from the pulse shaping network is in a high '
 condition. ° ' ' '

The pulse;forming.network"42:anduthe;pOWar_amplifier-44 are
. designed, in this embodiment'to-cause the transmitter.
antenna 30 to be energized with a voltage splke of about 24

-f_3o

volts and a width of less than kﬁ‘ sec. and preferably
about 0. 3,& sec.
35 The-teéeiving anteﬁna 32; (Fig. 3) ‘as described, monitors
 the magnetic field producéd by the wafer resonant circuit.
‘The receiving antenna is wound in the form of a figure



i sting of transistors QL2 and Q13, to the power anplifier:44. 20 The,
anplifier 44 eonprises transistors QL4 and QL5 which recei ve dual
s fromthe.pulse forming circuit 42. The transistors QL4 and Q15

are. operated class C and.they conduct current fromthe power- supply (CRo,

: CSQand 25 C37) through the transmitter antenna 30 whenever either of its

i nptits fromthe pul se shapi ng network i.s in a high condition.” The pul se —
~form.ng netvvork 42.and the power anplifi @k 44 are 30 designed, in this oot
enbodi nent to cause the transnmitter antenna 30 to be energized with a -
vol t age spi ke of about 24 volts and a width of less than [err] sec. and-
preferably aboyt Lerr}q sec. 35 The, receiving antenna 32, Flg 3) as '
described, nofi@BFs the ‘?Pa@?é‘fiﬁctf’léﬂf‘%dﬁ@ 4y eIRsdfethPesonant
‘circuit. The afeenhna rgumnite waaceds Worinck jertisheigona s ofeceifvieguteom - 21- -
eight. It reg_gg?gg §PssdfHay.s produced close to the antenna but it cancels
or rejects signals receive from | arger .di-stances. 5 The band pass.

camplifier 46 corrprlsesthetran5|storsQ1 ., @B, A, &, . B Q and B
-as- wel |l as 5c0rrha h&ndimhds’z ampﬂ;&iendatcexhgtasest ohe . amhaza;pcmst ats. These

el enents are %re 001 ord'g aqgt agg_(la_%na éﬂ*’%‘* we@g’pé%f% %]h\_qt a%ox des ga| n

for the recei ver g tenna si'g IS -anp |er
400 KHZ centePBd B ﬁs?%%SﬁéﬁFtPF%m&?P&FlfﬁésWaf"érfes(ﬁ F&ﬁF‘F“tsThe band_
pass anplifieareeatra®sto i foraddi staggéeo ~-tthmedi.gnahpl {£i0sm tthatant enna, an

et “hony ERIIAME Gddlf £ LhETLDE R H306nE % ol S aRRDLEngT onal i1

present and tdrns en ever t gcnal corresgondl ng
to the tiA® p@ﬁﬁédoﬁebbves %hléaesywtﬂ?eo JBZ GRBEEETT LR-NEe FoFPIRRA
count er- dECOdEteéﬁency of the wafer circuit. The band pass amplifier

- receives, in. addxtion ‘to.the signal from the antenna, an
enable szgnal via the line 70 from the NOR gate 68. This
-enable'signel”is'present and turns ‘the amplifier on when-

15 ever the signal- correspondlng to the time- per1od repre-
' ‘sented by the outputs (a) and {e) of the counter-decoder 40
are in their low condition (see curves (a) and (e} of Fig.
5). This'ensures fhat'the'sighar cddpled directly*from'the"
:transmxtter antenna 30 to the receiving antenna 32 1s not -
- 20 'amplified and passed on to the detector 48.

A further signal is supplied along 11ne 53 ;rom the
automatic gain- control amp11f1er 52 to. the junctlon between
.. .the resistors RA ‘and. RS- to adjust the- gaxn-of.;he band pass
f25-'amplifier in such a way as to maintain the average-output'_”
. of the square law. detector 48 constant. '

| The-séuare*laW'detector=48¥compriseeathefsolidbstate-
compotient © Ul and associated resistors and capacitors.

30 This device is arranged as a four quadrant multiplier and

| it has both of its inputs connected to the output of the
'band”pese5amplifier'46;”fThis arrangement'feeulte in the_

output. of - the. detector being the square of the output of

the band pass- ampl1£1er. The detector 48 also prov1des'

. 35 'conszderable gain for the detected 51gnal.



are in their low condition (see curves- (a) and (e) of Fig. 5). This
ensukes that the signal coupled directly 'fromthe transmtter antenna 30
to the receiving antenna 32 is not 20 'arrpllfled and passed on to the
detector 48. A further signal is supplied along line 53 fromthe automatic
gain. control arrplifier 52 to the junction bet ween the resistors R4 and R5

mai rﬁ’ 3 the average output of the square |aw det ector 48 constant The
square | aw detector 48 conprises the solid.-state conponent U and
associ ated resistors and capacitors. 30 ' Thi 2device. i s arranged as a f our
quadrant nultiplier and it has both of its {inputs connected to the output
of the band pass anplifier 46 .Thi s arrangenent results in the output of

the -detector. being .Ithlgelgg qutbut "of the band pass anplifier.
The detector 48 al s0 rov Eé 152 bf CQEPTiges i'-?‘ﬁes%l’elt State

si gnal . - 22 - CATROPERF qﬂérﬂﬂﬁ%‘iipriﬁlmlﬁﬁowm eeﬁaéi&rsol |-pl—,§t ate

conponent US and’ am@;iéied nresises)rghiandnaamﬁ&lﬂieﬁ§ as Ihgo‘a

pyovides gain and foyn&hpDNE,idg 8nlPWHAS fb_lcf %n?% g %I | f'¥hae d’ﬁf“péﬂt?)fe t(t)t\(,av

frequency conponen ugr.e
I owqf requency arr%gl %%Fé%gqaw%ée?ﬁ Cl't %’8 %ﬁnﬂh‘t"g“f @k [FBealevbriveaueney n
conttol anplifier 33PLhfisr iﬁhérmisgegma dimp84s thehaubotmiatd c0gaih

control anplifier SEntoodrmpdifien@ztana 48 thefl ahdiogs Qi upisal. e conmponent
u2, therectifiers CRlL and CR2 and associ ated resi stors and capacitors.

ThIS anplifier co res the signal level at its input fromthe low fre- .
quéncy anplifier gg.gvm ?lhwwgfe?%’ﬁ’céq‘ﬁ’/‘é’r appdifiem $3i rempriises| Anpo33amn t o

‘the band pass af%l Pfiehe splig sta;mlcotnmnexﬂushztnﬂreeasesifmsgenm &a tdxe

\

. '__@

band pass anpl |f|emdfasstoﬁ:ihaaaltrelsa‘é%réSaddOQa{oQé!‘it%s -Cr"?{'?ﬂs Bihg ain of .
I's re D

t he bandpass arrpl ' Ebﬁﬁafefs he éib%‘é& hevel at itt/(sjoinpu%hfrom the low fre-

3 quency amplifier 50 with a ‘reference level and transmits,
| “via line 53a, ‘to- the band pass amplifier 46, a signal that
15 - “increases the gain of the band pass amplifier if its 1nput .
- level is too' low or decreases the gain of the.bandpass
. amplifier if its. input level is too hxgh.- This- regulating'
- -action optimizes the gain of the band -pass: amplifier for
*signal conditions. at its input as received. from the
20 receiving antenna. .
'~ The analog switch 54 .comprises the:solid state component US
- ~and it receives detected signal inputs via a line 53b from
the low frequency. amplifier 50. The analog switch 54 con-
nects the s1gna1 line 53b- from the low frequency amplzfler
yto the: f1rst signal accumulator or low pass fllter 56
}durzng the t1me _periods. when h1gh outputs appear on the
. terminals (¢) and (g) of the- counter-decoder 40. (see
~curves (c) and:-{g) of Fig. 5) The analog switch 54 also
.connects the s;gnal line 53b from ﬁhe low frequency ampli-
fier S0 to the second signal accumulator or low pass filter
58 during the time per1ods when high outputs appear on the
terminals (d) and (h) of the counter-decoder (see curves
) (d) and (h) of Fig. 5). Thls permits the accumulators or
35 low pass filters 56 and 58 to charge to the average level
of the output of the low frequency amp11f1er 50, present

25

30
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. tlon opt| m zes the ga| n of the band. pass arrpllfler for si gnal condi ti ons.
W>/its input as received fromthe 20 "receiving antenna. The anal og switch .

” conprises the solid state conponent U5 and it receives detected signal
inputs via a line 53b fromthe |ow frequency anplifier 50. The anal og

- swi&th 54 con- 25 nects .the signal |ine. 53p from the | ow frequency

~anplifier to the first signal accurmulator or |ow pass filter 56 during then
time periods when high outputs: appear on the term nals (¢) and (g) of the S-J_’
count er -decoder 40. (see curves (c¢) and (g) of Fig'. 5) The analog switch
54 'al so 30 = codueidg tnieet:ih\gnaacﬁimeiﬁhettemw\e:ﬂeomﬁwgmmmrml i- fier

50 to the seco liQw pgss filter 58 during the tine
peri ods when thhé%%?%Alﬁ ?i% ggle‘l?& @ﬁehterm&nals (d) and (h) of the

count er - decoder (see curves. (d) and (h) of Fig.  5). This permts the
accumul at or s’ ofh@5vohageasompata s @6 campr §82¢ ctheh@odédt state orPoa] e

. level of theg OHEHHtu@f 4%:&@%%@%%@319&{'@ a'é{a a5968§££1$d -23-
during the tine each nnect ed b e..ana

frequency anpl, F??é‘?t%ros e CPBREY orrﬁgf‘ﬁt 7' ’Eﬁf(ﬁf PF?@satf h°e“tspc5“lt| d state
compo- 5 nent whépevempdihe epcuhulated erigopdnlesl dimpmatbechetuniiiagorst or s n

and capacitorsgy I@wspéieeswfqetefowceeeeesouwt pheRewetubhita e Wl ated
signal . level  fromthe §r #gtor or - ass fllte 56- exceeds that in
f

the accumul at of°8rP3%y tBY BAeURE GRRRTRT JPBR: Br TR HNP S ef erence *
10 input a@pl. ipguyiappliedr #dasthe’ ﬂ&st?ﬁheRéll armactuation circuit 64
conpri ses the remaining portlon of the corrponent Ur the rectifiers CR4 and
CR5 and associ a ed esi stors,and ca a,C|t Thi's ci rcuit 15, maintains an

input to the a TR FFHuatiqn cﬁﬁ B £ r BmBF’es%sett | ABTRFREY i t's i nput
fromthe vol tagertmpasrﬁtme eompmyesﬁf tben reetei:ltqr\ﬁecﬁevemd (YRS land hi gh

output) to itSassociated resistors and capacitors. This circuit
© 15. maintains an input to the alarm.drzverboirouit 66 for a
.pre;set tlme'after'its input from the'voitage'comparator 60
changes. from its active level (with a high output) to its
finactive level {with a. low output) “This. control ensures.
that the: alarm output will. contlnue for at least a
-20. predetermlned minimum duration even for very short duration -
- responses. from-a waferybeiné-detected.

The alarm driver 66 comoriees the transistor Q9 and. the
rectifiers CR6 and CR7. This circuit makes electrical _
'h25 connectlon to the ‘alarm whenever it receives an input. from _
R the duratlon circuit 64. o ' '

*  The alarm 36 is a. broad band audlo generator wh1ch produces

‘ . a buzzlng sound whenever it is energlzed by the alarm'_ .'."h' --é

30“'dr1ver, thereby to slgnal that a resonant c1rcu1t waier has .
passed 1nto the 1nterrogatlon zone. A

Turning now to Fig.'7:the invention is shown as set up to

constltute the theft detectlon system 1tself._ As shown in
35..Flg..7, a store patron 80 exits through a doorway 82 from a
- protected area 84 of a store or other. location where

protected artlcles of merchandlse 86 are kept. The



i nactive level (with a low output). This control ensures that. the aﬁdd
output will continue for at |least a 20 predetern ned mi ni mum dur at i eyén.
for mery short duration responses froma wafer being:detected. The al arm _
driver 66 conprises the transistor 09 and the rectifiers CR6 and CR7. This
circuit makes electrical 25 connection to the alarntmhenever it receives
an input fromthe duration-circuit 64. The alarm 36 is a broad band audio
geqetdt or whi ch produces a buzzing sound whenever it is’ energi zed by the
atarn130 driver, thereby to signal that a resonant circuit wafer has .
. passed into the |nterrogat|on zone.” Turning now to Fig. 7 the invention is -
: shown as 'set up to constitute the theft detemti-onsystemitself. As shown
in 3 Fig. 7, a store patron 80 exits through a.doorway 82 froma
; protected area 84 of a store or other Iocation mhere protected articles of
. mer chandi se 86 are have resonant CIrCUIt

waf ers. 88 fast ened ﬂt&qﬂtﬁh AhPY%trfseﬁPf‘?%? %ﬁf&hﬁa’(’ﬁﬁr? 8 FRERERAE 6R-t he
fl oor at the doorwsthedd. Arkfansmithexi sbtennat 80nis @Zranged cantkel Hver head.
The antennas may betnwoasbiwii 60 &fd ShovbBe fie@ En€imar dbert abrihgaq Patent No.

4,135, 184 and they i r;@g@, nmﬁp ant ennas
are connect ed t %f:fitfé@igs%du eshég %569ﬁ15%ﬁ9té&1%@ sn;ﬂﬁgﬁd
construction as des B BV E-$n FRSRRE M0~ W58 g %eYGWr&hB“GB and
they -operate in thelnkersogatienr zong bevfiesn tthenpatThese Stntennas #Jeom t-he
protected area 84 tddnddgbed (R dDOEtIRYi8S MAlePaBSARAL9E Gugbh td¥® of the

| nterrogatfon zone el Rt dbhek ign A 880A%AR 80693 AihloROARN LRI T OUI

waf er whi ch may. be stil I's carr
detected and an al a‘r'ilﬁs'sach“a§n3n6%\?€f’hgé‘t¥ fBer%t'teaI‘ﬁ\ Fl?egt’?ta’“%“' ReF be
activated. | n ¥he whesogherontroh 99 @xifs|frams theipyoseeted laea 84 through
- the.interrogation sii@abérway 82 and.passes through the interrogation zone
' -defined by the antennas 90 and 92 any resonant circuit
wafer which may be still attached to.an article she is
. . carrying will be detected and an alarm, such as an overhead
15 alarm light 98 will be activated. 1In the embodiment of
: - 'Pig. 7 it is suggested that the interrogation signals
:_gsupplied to the transmitter antenna 90 be-in the form of
. pulses having a 100 volt height-and less_than one:
T - microsecond duration,- preferably ‘about 0. 3. microsecondé”
20  The intervals between pulses should be ‘about the same as.
'”descr1bed above for the embodiment of Fig.. 1.



. ,erd~—rn—rn€—TTan§nrtter antenna 90 be in the form of pulses havi ng a
0] vo MHWS t han one m crosecond duration, preferably about

I w Hm“ he interval s between pul ses shoul d be about t he sane
”as4 deserl ed- afbvé for the enbodinent of Fig.. 1. - - 25 - CLAIM 1.
Anparatus for detecting, in an. |nterro@£¢1n120ne an article of
méfichandi se on which is fastened a wafer containing a resonant el ectrical™
~circuit, said apparatus conprising: 5 neans for generating- i nterrogation
signals in the formof . pulses of electromagnetic field energy in said

i nterrogation zone, said pul ses bei ng CIxEM&t ed by intervals, 10 neans for
~detecting el ectromagnetic energy-in sald interrogation zone during the

interval. follow ng each pul se,. and 15 nmeans for actuating an alarm .
~in.responsg, toxb (?a w“aiaier foredetavtingo! ipamratinier BRIt 40P EREGe AL

ener gy det ect ad %tqg%?f?ﬁ%hai%véhst ﬁe@hd i¥ eE@é@é!ﬁ‘éd'eﬁ "ggept Of vari a-

tion belngaﬁﬂiﬂ sane as rate of decay of _ener fro sai d.
waf er cont aichuximingsannesonantt elegtrizalsGirFpity sajxd 3?8%%? Accor di ng

to claim1 wherein, |d means for actuating an- alarn1conpr|ses means

respon5|ve99?3?ka *variation of detected el ectromagnetic field energy ¢

‘whi ch oqpurs after a predeternmined tine follomﬁng each pul se. .3. Apparat us
according to clai g2 ﬁg@h@lagtédﬂéﬁkﬁ 1icwdsignelss inutthiecifammt o '
permt: trar%?aé %s I'n sai'd generatin egtf\gdfggigcghggggeqnls 8 $ubsi de

'follomnng eath pupnges of electromagn
.lnterrogatlon zone. said pulses being separated by
1ntervals,_-f

10 :
" means’ for detectlng electromagnetlc energy in said

1nterrogatlon zone durlng the 1nterval follow1ng each

‘pulse,-and _'

‘15 neans for actuat1ng an. alarm in. response to a-predetermlned

amount of variation of electromagnetic: energy detected
during said 1ntervals,'said predetermlned amount. of varia--
tion being substantlally the same ‘as the rate of decay of

t electr1ca1
energy from sald wafer contalnlng a resonan

20 circuit.

2. Apparatus accordlng to clalm 1 wherezn sa1d means for @
: ) actuatlng an alarm comprlses means. responslve to the
.'25-*var1atlon of. detected electromagnetic field energy whlch,' &
occurs- after. a. predetermlned time follow1ng each pulse.

| 3. Apparatus accordlng to claim 2 whereln said .
.predetermlned time is sufficient to permit transients in
30  said generatlng and detecting means to subside following

~ each pulse..

e e Ao mrrtns

¥



26- - 4. Apparatus accordi ng to claimd1l wherein SMI
‘an al arm conprises nmeans for conparing the anpl i t ude ﬂ‘\ﬁ&\“‘r atle
duriing different: time segnents within each interval. mmmm“
accordi ng to claim4 wherein said tine segnent s occu tcer ta Pr eteter ni ned.
time kol low ng each pulse to permt transients in said generating and
det e ng means and responses from objects 8bher than resonant 10 circuits
ingsaid interrogati on zone to subside follow ng each pul se. 6. Apparatus

according to claim1 wherein said neans for actuating an alarm conprises

¢ means for directing signals 15 corre vondi ng to the defected
. el ectromagnetic fglq'el z‘P%ﬁéthis %T‘i?r(ﬂl eF8nft &aﬁﬁﬁﬁﬁﬂhﬁ%%aﬂﬁrf%
© different tine se@mntténgnaea@hﬂmtc@mpaismdnqmnsorfmmmrxpar thg t he

i anplitudes of t heagpi0Ralassi B SPd fhadeC YaHL AL P aug@ng. a PRI Rl UsiCCcor di ng
to claim6 wherein said neans for directing si gnal s includes a swtch. 8.

Appar at us accor disegmente| e thin eheh dintegwall. swi.tch is operat ed by a tinng
cl ock which operates said neans for 25 generating interrogation signals. 9.

Appar at us accor disng. tagpakata@ &a&&a%a eal éilatllnrmn%swﬁk sm@ %wm&ch are

dt de two t
Aopar atus. actor i TRFIG 8 SEAFD AREEFoAnPLRTELTTIAY ERBt I atadae: ehehy o

ar r anged such t hapulse ¢ot permitheraagidents in csadd) generateiagh aotthdetecting7-
means. and responses from objects other than resonant

'1d. circuits in said interrogation zone to subs1de follow1ng
each pulse. '

6. - Apparatus according to claim 1 wherein said means for
actuating an alarm comprises means for directing signals
15 corresponding to the detected electromagnetic field energy
"~ into different signal accumulators during different time
" segments in each.interbal and means for comparing the
hamplitudes'of-the-signals.in“said_accumclatora.
20 7. Apparatus accord1ng to clalm 6 whereln sa1d means for -
dlrectlng signals includes a- sw1tch. ' |
8 . Apparatus according to claim 7 wherein said switch is
operated by a timing clock which.0perates-said;means for
25 gencrating'interrogation.éignals‘ ' '

e . © 9. Apparatus according to claim 8 wherein said timing
' ' clock and switch are arranged to prov1de two such time

BT AL .

_ segments in each 1nterval.
30 _ _ S _ S
.10 Apparatus according to claim 9 wherein said ﬁiming
7 " clock and switch are arranged. such that .said two t1me
' segments are adjacent each other.



g!(‘k Appar at us . 3—+0 claim6 wherein each signal accumilataqr is
C,Q_n'.ect ed and ar rEmﬂmo accunul ate detected signals during corresponding

R seﬁmmm'“ lity- of intervals.. 5 12. Apparatus according to
claiml !

. ans for conparing the anplitudes of the signals in
-ea(}h;zaccurruT ator is set to produce an output when the difference in the
.detected signals accunul ated in said accunul ators corre- 10." sponds to the:
di fference produced in several successive interval's by a resonant circujt =
“within said interrogation.-zone. 13. Apparatus acording to. any preceding '
cl aimwherein said neans for 15 -deted&?i ng el ectronagnetic energy in said:
i'nterrogation zone includes a gate, said gate being controlled by said
nmeans for generating interrogation signals to prevent said neans for o
detecting elegtro eti.c ener fromoperating. for a* .. _.predetermned -
time fol |l ow ng'iéa%%(é}tg%.acﬁ?r%?gﬁfﬁpaegg IEI? gggﬁ?l |'-r?§° W% M1
wher ei nsai d mPEAYRERtoFe b reannagteth RAATRANGAAr FR AScamRIAte of signal , -
accunul af ors detectah@ignals @ueihg i exikesporidingat imngednéncy dacave det ect ed
signal s from tfg-8ef1§F bieNghe®Bessai d el ectrical switch being connected to
be switched by said neans for generating electrical signals to direct said %
. detected signals into one of said accunulators during a-first time segnment
in each 30 . 12:2%pparagpgraqgordingitn clate 19t Whereicc Al meamsdbes ng a seond
time segnment icompacing mheramplithfes AFpahatsignarsoilieaght fccimailatdsd wherein
sai d means for;g5ggensy atbaded LA WREn rdNal S2LQANBL! £ESHA Cl Ock for
3 se$| es o0 fﬁ%%?s a counter for grodum ng said

in said accumulator

generating a conti nuou
pul ses seque’ntqez‘iFFEF‘gﬁ' gPPTE ASTE™D corre-

- 10 sponds to the difference produced in several successive-
intervals by a resonant circuit within said interrogation
zone. - ' '

- . 13, Apparstus aceording to.any preceding claim wherein seid means for
15 detecting elécéfdmagnetic~energy in said interrdgagion zone . '
includes a gate, said gate being-cohtrqiled by.séid_means
for generating intér;ogaﬁion"éignal§-to pfevent:said meaqs ‘

# ' for detecting electromagnetic energy from operating for a
predefermined'ﬁimg-fdllowing each pulse. -

20 |

lh.prparatus according to claim i'wherein.said-meansjfor
generating an alarm comprises a ' pair of signal accumulators
25 énd an electrical switch arranged to receive detected
' ~ signals from the detecting means, said electrical switch

a

' being connected to be switched by 'said means for generating -
electrical signals:to;dire¢tfsaia'detected;signaIS:into_aneﬂ'
of said accumulators-during a-first time segment in each.
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term nals an |nterrogat|on pul se gener at or connect ed to one of s

termnals, and said electrical swtch being con- S '
of ¢gai dter m nal-s. 16. Apparatus according to cl al m ]{ﬂ] u“ 'iliﬂ '
for  detecting el ectromagneti c energy i ncl udes a. gate o be

opened in response to signals froma further termnal 15 of sai d counter

t 0-prevent operation of said detecting nmeans for a predetermned time
fallow ng each interrogation pulse. 17. Apparatus according to-any

precedi ng clai mwherein said neans 20 for generating interrogation
signals and said neans for detecting el ecggogagneti c energy conprise
antenna neans arranged on a counter top on which articles of nerchandise
are prepared'for delivery to a customer. 25 18. Apparatus according to :
claim 17 wherein said antenna neans conprises a transmtter antenna form ng
part of said neaddteTRlgaRZAtPnENS MBLF ARAYTYRR S FHFERA A Sgord ddineer
antenna form ng pegtenyf iga¢athndanervaldr. detecting el ectro- nmagnetic energy.
3019 . Apparatus accordl ng to clalm 18 vvherel n said rece| ver antenna is in

t he form of tv'vol dpd. in t.j,0 rts

according to any p(.’!’\fgg Pus a°c§9€9 (t'); ere| nlhsaletfer“reanas"df (‘3’? Fat i ng
i nt er rogati-on3si gﬁﬁ?"satéﬁﬂ infi sy T RBAFON 5?%%69?‘?@15@Feét?3@?§gﬁ@fl C energy
conpri se antennagsmersting a RMtinasusnisgeienlofngubsessxat cdunreratqr ot ect ed

area in which arbked@sing o GIE0E Rollythiieh ¥R @iezecot %@g@e a resonant

| t |~ t et h det .
Tnt SJBSZt oo Hetn il sc 00! BB oqation aunde ToRILer Shotneatgn, B cgen O

cont ai ni ng a reseﬁamldelteéﬂﬂaé-alv g caild, elagtainet Fyd tels Hningi n‘g°lli'he st eps
of : lo -mected  to others of sa1d terminals.

lG._Apparatus‘according to claim 15 wherein said means for
'detecting-electromagnetic'energy'includes a gate connected
to be opened in'response'to_signals'f;ém a further terminal
- 15 . of said counter to prevent operatién of said detecting
© . means’ for a predetermxned time following each 1nterrogat10n
pulse.

1T, Apparatus according tO'eny-preceding claim wherein said means
20  for generating interrogation signels and said means for -
detecting electromagnetic energy comprise antenna means

arranged on a counter top on which articles of merchandise
.are prepared for delivery to a customer.

25 18.'Apparatus according to claim.l?.wherein said antenna

@ means comprises a transmitter antenna forming part of said .
_ means for generating interrogation s1gnals and. a recexver
: @7 : - _ 'antenna formzng part of said means. for detectlng electro-

P

'magnetlc energy.
30

19, Apparatus accordlng to clalm 18 wherein said receiver -
- antenna is in the form of two loops wound in opposite -
d1rect10ns. ' ' '

35 20 mApparatus according:to any one of. claims 1 to 16 wherein said

. means for. g;eneratmg 1nterroga.t10n signals and . Sa.ld mea.ns for -

_detectlng electromagnetlc energy comprise antenna means
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enerat| ng i nterrogatlon Si gnal s in the formof pul ses of:
omagnet I'c fierdenergy in said interrogation zone, said pul ses bei ng

1) m detecting el ect romagnetic energy is said
i\nt e rog I”Wﬂ"lﬁlmurmfthe interval follow ng each pul se, and act uat i ng
barm ih rfesponse ¢0 & predeternined anount of variation of _
el ec¢tromagneti c- energy detected during said 20 intervals, said - —
pr.edet ermi ned anobunt of variation being sub- stantially the sane as the ‘w#
rate of decay of energy froma wafer containing a resonant el ectrical "
circuit. 22. A nmethod according to ciaim 21 wherein the step of 25
actuating an alarmis carried out by 28,ceunul ati ng separately signals
corresponding to the detected el ectromagnetic field energy which occur
during different tine segnents in each interval, corrparl ng the anplitudes
of the separatel y accynul ated sigpal's nd a i ng.said alarm30 when a .
predet er m ne@*dp $"eq ORI 3R S*IT gﬁﬂa?npf% ‘%8 R il "‘?‘Udes 23. A
met hod accor dirgcies cifaines chrngfise c9m which staéprefcmaanmgz an alarmis
carried out ifasbRSPONeLedttidaBRiPEriChes onedirapunt ~of variation of _
el ectromagneti ¢ energy det ect ed after a predeternined anmount .of tine %
foll owi ng eac%1 pul se. =™ 24, 'A_ et hod accor di' n% to claim23 wherein -
sai d predéter 'nédm%t"rWE}nf'mbfdettFﬁEi‘?%' 481 3% SERTTRPFOPNFIG @Bt ri cal -
transi ents praxticke ommhh@a;miseaomn@lahdiiieﬂascemﬂg aswaferto subside. 5 25. #».
- A met hod accQigii@¥nify. &l BééBz&latV\Eﬁé@drﬂ.cSlgéﬁ&lc&:.QQCéHﬂdnﬁet}Ebd?OFreSpondl ng
tinme segrrents |0 a.pl I ur?I |t Ya %f ol pntervals are accunul ated and conpared. 10
26. A net hod acgo?'d eP 1 vvherel n signals occuring

10 generat.ng 1nterrogat10n s1gnals in the form of

- pulsgs of electromagnetic field energy in said .
intérrogation'zpne,-saidxpuises being separated by
_intezﬁals. :

lé .-detecting_electkomaghetic'energy is said interrogation zone
during the interval fOI;dwing-each pulse, and
, 'actuatinqyan;a1arm.insrgsponse'to-a predetermined amount of
variation of electromagnetic energy detected during said
20 intervals, said predetérmined amount of variation being sub-

stantlally the same as the’ rate of decay of energy from a wafer

containing & resonsnt. electrical ecircuit.

_ 23, A method accordlng to claim 21 wherein the step of
- 25 actuating an alarm is carried out by accumulating
 separately sxgnals correspondxng ‘to the detected }
- electromagnetzc field energy ‘Which occur: durznq dlfferent
time segments in each. interval, compar1ng ‘the- amplltudes of
the separately accumulated signals and actuating said alarm
30 when a- predeterm1ned ‘difference exlsts between the compared
amplitudes. - ' o '

23. A method according to claim. 2] wherein the step of
actuating an-alarm is carried out in response to a

35- predetermlned amount of variation of electromagnetlé ‘energy
detected after a predetermined amounz - of time following
each pulse.

._:—1



in two tine segnénts in each interval are conpared. 27. A nethod accordi ng
to claim26 wherein said. two tine segnents are adj acént each other. 15 28.{ -
Artf“cl e detection apparatus substantially as herein-. qm M1m1unﬂmr\/|th
reférence to and as illustrated in the acconpanying d lﬂ

net hag, of detecting an article, substantially as herei nbef'oré d&scti bed

- Wi.th* ¥eference to the draw ngs.
Q:

- 30 -

2h | A method according to claim 23 wherein said

predetermined'?mount'of time is suffiéient.to'pérmit
electrical transients produced in the generating and
detecting steps to subside. ' -

Y

wm

25+ A method according to claim 21 wherein signals occuring
in corresponding time segments in a plurality of intervals

are accumulated and compared.

- 10 26 « A method accordlng to claim 21 wherein 51gnals occuring
. in two time segments in each 1nterva1 are compared.

27 . A method éccording to claim 26 wherein said two time
segments aré adjacent each other.

15 . : . o .

: 28, Article-detection-apparatqusubstantially-asxherein~
‘before described with reference to and as illustrated in
the accompanying drawings. . '

20

29, A method of detecting an article, substantially as
hereinbefore described with reference to the drawings.

ey

L



