+1- DESCRI PTI ON ELECTRI CAL FAULT DETECTI NG DEVI CE_ THe pr'ésent i nyent4 on
relates to electrical fault detecting devices, and in particular to such
devices for use with a mains.alternating current electricity supply. The
illegal tanmpering with electr|C|ty supplies to obtain electricity w thout
cost, or at a reduced cost, is a w despread problem particula

respect to donestic el ect ri city supplies. Three nmai n nethods of&&ég% bj
electrieity illegally are used. Firstly, thel4ive or the live and neutra
wires™f the supply are bridged. This is done by connecting a pair of wires
to the inconming supply wires and thenl&ﬁ§ﬁﬁ}ﬁ£¥9§the consumer fuse board,

t hereby by-passing current to theIneter Tead. Secondly

the live and neutral wires ERECAR e neter, and

the neutral can be switched to eartﬁ Si nce the nmet er i driven nornally by
an inductive coil cdﬁh@cPEGsFBttﬁ@WQQRJQﬁﬂﬂ%;§#ﬁ§ tohederErhsaladavdt

causes the neter_to un read since t er dr |ng coil Is

slightly energi S8teqh ng|9evac3§v|g@qdi %ﬁﬁih ar tgnﬁPFhAdeylﬁﬁﬁtage

directly to the ter can,be connected,, but in. the opposite.,phas thus

causi ng t he net ﬂFnHlﬁﬁcﬁmﬁﬂégs alternating caPPent' 81Be¢# 2 cit
supply.

The illegal tanpering with electricity supplies to

cau5|no it to under
AT DETEGT ]

obtain electricity without cost, or at a reduced cost,

s is a widespread problem, particularly with respect to
domestic electricity supplies. Three main methods of
obtaining electricity illegally are used.

Firstly, the live or the live and neutral wires of
the supply are bridged. This is done by connecting a
pair of wires to the incoming supply wires and then
bridging to the consumer fuse board, thereby
by-passing current to the meter, causing it ﬁo under
read. Secondly the live and neutral wires may be
exchanged at the input to the meter, and the neutral
can be switched to earth. Since the meter is driven
normally by an inductive coil connected to the live
cable only, this method again causes the meter to
under read since the meter driving coil is only
slightly energised. Thirdly, a device which supplies
a small A.C. voltage directly to the meter can be
connected but in the opposite phase, thus causing the

meter to w1nd backwards.



A

-2- It is an object of the present invention to pfovide an apparadus for

" detecting when electricity is being abstracted ilTegally fromthe supply.
Thus, in accordance with the present invention, there is provided an
apparatus for detecting illegal tanpering with an electricity nmeter which

I s adapted to record the anount of electricity supplied to said neter

t hrough cabl es, the apparatus conprising: a first signal generating neans,
situated in use externally and upstream of said neter and adapted to « -
generate a first signal which is reprggentative of the current f 1 owi ng™

through one of spidjgafhegpikct E&?%Hé”bfﬁgéﬂfkiﬁﬁéﬁkﬂgﬁeﬁoi” the vicinity

of the first signal generating neans; a‘“second signal genefrating nmeans,
situated i prseidet BhNappheatlls Ford AR EEng Whew aPl 66t ociigpenat e a
second signal which is representative of the anount of electriCity to be
recorded bybsing abstfacted dlleyaldy Troiealte astppPy.to monitor the first
and second signals and to produce a third actuation signal when one of the
first and secondrsagpaia dctbrdantceomiitls tinr pardsent ubnweentionasul t of
tanpering. The apparatus may further conprise an actuating neans adapted to
produce thecheéne disi pravidedi anf apparatass dondlateptingstiiegadpon the
actuating neans in _ S ; o
tampering with an electricity meter which is adapted
to record the amount of electriéity3sﬁpplieaﬁ£o said
meter through cables, the apparatus ddﬁpriéiﬁgfr:-= o
a first signal generating means; éituatéd'in'use
externally and upstream of said meter and adaptéd:to_
generate a first signal which is representative of the
current flowing through one of said cables at a
location outside said meter, in the vicinity of the
first,signal:generating means; |
a second signal generating means, situatéd'in use
within said meterihg device, and adaptedatb gehérate a
second signal which is representative of the amount of
~electricity to be recorded by said meter; and ¢ | W
a monitoring means adapted to moniter tﬁéffirst
and second signals and to produce a third actuation
signal when one of the first and second signals "
differs from its correct value as a result of ~
tampering. | |
The apparatus mey further comprise anmaétﬁéting

means adapted to produce the third signal; 'said first

and second signals acting upon the actuating means in



-8- opposite senses so that under normal conditions ‘the Hctuatingsnmeans
does not produce the third signal but that when one of the first and second
signals is sufficiently greater: than the other of the first and second
signals, the third signal is produced. The apparatus may further conprise a
field effect transistor, the actuating signal being fed to the gate of the
field effect transistor. Advantageously, the gate of the field effect
transistor is actuated by nmeans of a capacitor charged by the signal from

t he de™ecting coil. The effect of this is that tenporary, accidental
aberrations in the electricity supply do.got actuate the indicating neans.
In a preferred enbodi nent, the first signal generating neans conprises a

first detecti r@p?@éitéoﬁéhgés! BoUtRat’ HHEONMOMaL Neordbt PSnef thee

electricity supply, and the first signal conprises the electrical signal

i nduced in thea¢ohatigl Heafasdese dot! producd rlie thitdcsigral butrent
through the cable. In a preferred enbodi nent, the second signal generating

nmeans conpri seshat sehendoret eft the ixst el ekdondisignalmdisne of the -
cabl es of the electricity supply, and the second signal conprises the

el ectrical sigsafficientllyi grebtecoithamy thiee otheri-of the first and
second signals, the third signal is produced.

The apparatus may further comprise a field effect
transistor, the actuating siénal being fed to the gate
of the field effect transistor. Advantageously, the
gate of the field effect transistor is actuated by
means of a capacitor charged by the signal from the
detecting coil. The effect of this is that temporary,
accidental aberrations in the electricity supply do
not actuate the indicating means.

-In a preferred embodiment, the first signal
generating means comprises a first detecting coil
located in use around one of the cables of the
\ electricity supply, and the first signal comprises the

electrical signal induced in the coil by the passage
of the alternating electrical current through the
cable.

In a preferred embodiment, the second signal
generating means comprises a second detecting coil
located in use around one of the cables of the
electricity supply, and the second signal comprises

the electrical signai induced in the coil by the



»

passage of the alternating electrical current.thtoughsthe caQEe.}Instead of *
bal anci ng the flux produced by coils of the actual input cable, electrical
signals produced as a result of the passage of electrical current are

bal anced agai nst each other continuously. Any tanpering with the supply
bet ween the first and second coils causes an inbalance in the electrical
signal s produced thereby, and.this inbalance is used to actuate the

i ndi cat or means. The apparatus is of particular benefit when one of the
coils is situated at the entry point of the electrical cable into a e
dwel ling and the other coil is situat.gd within the neter housing. This is
particul arly advant ageous since nost illegal abstraction of electricity

invol ves fgagkigedolt! ithge et il dXeutridd]l Oshprentakheduh the
electricity neter. The apparatus in accordance with the present i nvention
woul d det egheasgb3ech. i nterference. As well as so-called electrica
interference, which involves nmaking electrical connections, for exanple to
bypass t he net eInstehdr febalmrnuichgfthd | £hamk | producedcbyngodllactricity is
to interfere with the neter itself, or so-called nmechanical interference. A
conventi onaf thecacitually impulr cable, elmgirical asighalsbpyoduweded di sc
which is driven by ' . _ :

as a result of the passage of electrical current: are

balanced against each other continuocusly. ZAny

tampering with the;supply-betWeen the first and second

coils causes an;imbalance in the electrical signals

produced thereby, and this imbalance is used to

actuate the'indicatOr.means. The apparatus is of

particular benefit when one of the coils is situnated-

at the entry point of the electrical cable into.a.

dwelling and the other coil is situated within the

meter housing.- Thisris particularly-advantagéous

since most illegal abstraction of electricity involves

forming a bridge betWeen the ihput-and outpuﬁ'éablés

of the electricity meter. The apparatus in accordance : Lﬁl

with the present invention would detect any such

interference. |

As well as so-called electrical interference,

which involves making electrical connections; for

example to bypass the meter, a further method of

illegally abstracting electricity is to interfere with

the meter itself, or so-called mechanical

interference. A conventional electricity meter



ah induction coil through which the live supply passes. thus, as.®lettric
current passes through the neter, the neter disc rotates, and the rotations
of the meter disc are counted by a conventional mechanical, or nore
recently electronic, counter, thus giving a reading of the total anmount of
electricity supplied. However, "if rotation of the netier. disc is stopped or
sl owed down, the nmeter will read much less than it ought to, and
consequently the consuner will pay |ess. Thus, in another enbodinent, the
second™gi gnal generating neans conprises neans for producing a signal which
varies wth the rotation of an el ectrici48~neter disc whose rotational
speed is representative of the rate at which the neter records the anount
of electricityouymisesl. alrotatablpymountied ddscesthioheriat idivemdbyi ons,
the apparatus effectively checks whether the rotational speed of the neter
di sc i s corremnfinduciiompeeil cthepughr whiieh phesildyd mupp¥e neter, and
if this is found to be incorrect the tanper indicating nmeans is actuated by
the actuating PRESRS. | NTWe, edBoBlaekricheurEedt pagsess thyqught®eand t he

second signal generating neans ¢onprises,a -6- |Light saqurce on_one side
of the perfor A€ LTerth dP%'Ee’én‘glggpﬁﬁFBEQﬁsi FF\%E%%WWQ%@& her' si de

of the the meter disc are counted by a conventional
mechanical, or more recently electronic, counter, thus
giving a reading of the total amount of electricity
supplied. However, if ¥otation of the meter disc is
stopped or slowed down, the meter will read much less
than it ought to, and consequently the consumer will
pay less.

Thus; in another embodiment, the second signal
generating means comprises means for producing a
signal which varies with the rotation of an
electriéity meter disc whose rotational speed is-
representative of the rate at which the meter records
. the amount of electricity supplied.

In this way, under correct operating conditions,
the apparatus effectively checks whether the |
rotational_speéd of the meter disc is correct for the
amount of electricity passing into the meter, and if
this is found to be incorrect the famper indicating’
means is actuated by the actuating means.

In one embodiment the meter disc is perforated

and the second signal generating means comprises a



~perforated neter disc adapted to produce a puk@gdisigﬁalEwhosquqﬁse
frequency thereby varies with the rotational speed of the neter disc. In
anot her enbodi nent, the nmeter disc conprises reflective and non-reflective
portions and the second signal generating neans conprises a |ight source,
and a photosensitive el enent adapted to receive light reflected by the
reflective nmeter disc portions fromthe |light source, thereby producing a
pul sed signal whose pul se frequency varies with the rotational speed gf-.the
disc. Preferably, the nmeter disc conprises a capacitor adapted to cont¥ol
"the actuation of a switching device whch controls the operation of an
i ndi cating device, and which allows actuation of the-said indication device

when the Chl?i%@t Ofowfbé 38R Sfiel BEdeaRECithe pedFdrdt el RhdEet eapiaed val ue.
Preferably, the actuating neans conprises a capacitor and one of the first

and second @&idnRl phetbsehqgitivecetbmeitnonotthehotirpaaiide  ofnthéhe ot her

of the first and second signals acts to discharge the capacitor. The

appar at us nperfordbed meteri dése adapiied to produneera ipulisedi ng nmeans and

an actuating signal which is adapted to control the operation of said

tanper - i ndsignabrwhesespukse Exeqpeacyt hbeviebyavarimerwith the
rotational speed of the meter disc. s

In another embodiment, the meter disc ‘comprises
reflective and: non-reflective portions ‘and the séqond -
sigﬁél generatinq'meansnCOmprises a light source, and
a photosensitive element adapted to':gceive-light"
reflected by the reflective meter disé'pdftibns from
the light source, therebj producing a pulsed signal
whose pulse frequency variés with the-rotational speed
of the disc.

Preferably,-the-meter'disc'comprises a capacitor
adapted to control the actuation of a switching'déviqe
which controls the operation of an indigatiﬁg”dévice,
and which alloﬁs_actuation-of the Saidfiﬁdicétidh' | o’
device when the charge or voltage on the capacitor
reaches a.predetermined'value.;

-Preferably,-the-actuatihg means comprisés'é
capacitor and one of the first and Secbnﬁ signals acts
to cause éharging of'the'capacitor, and-thé’oﬁhét of
the first and second signals acts to discharge the
capacitor. |

The épparatus may further ccmprise a visual



iindi cating neans nay conprise i'lluninati-on®cf a light spurce yhjch is. .
normal [y unlit or vice versa. Alternatively, -the visual tanper-indicating
means. may conprise an auxiliary neter which indicates the period of tine
during which the electricity has been supplied incorrectly. The apparatus
may further conprise switch neans operable by the actuating neans third
signal to cut off the electricity supply. The present invention further
provides apparatus for detecting tampering with an .alternating current

el ectrycity supply fed throughinains i npdt cabl es t'o:a:netering device,
conprising: a first coil disposed in use externally and upstream of the
neteri ng devi tampey-indisating meanwhand amcagtnatingpaigeadl whish as to
have induced therein a first electrical signal,upon_passage of current

through the ciBl @dapted: &g cantirel dhe Lperatien wfhsaldnEampedi ng devi ce

and in relation.to gpe of the mmins i nput ablgﬁ so,as to, have i nduced
therein a secoRELEREIOR Bgans .y, fox, Ragther VisRRrenFaPREETgh t he

cloct rical i SRATERTARY MRACE MAY FEPRr o] bl A hoR T8 8 AASHE | ne
source which is normally unlit or vice versa.
Alternatively, the visual tamper-indicating means may
comprise an auxiliary meter which indicates the period
of time during which the electricity has been supplied
incorrectly.

The apparatus may further comprise switch means
operable by the actuating means third signal to cut
off the electricity supply.

The present invention further provides aéparafﬁé
for detecting tampering with an alternating current

. electricity supply fed through mains input cables to a
metering device, comprising:

a first coil disposed in use externally and

St upstream of the metering device and in relation to one
of the mains input'cables so as to have induced |
therein a first electrical signal upon passage of
current through the cable;

a second coil disposed in use within the metering
dévice and in relation to one of the mains input
cables so as to have induced therein a second

electrical signal upon passage of current through the

cable;



-

first and second signals. The present invention farthgr proytdes, apparatus
for detecting tanpering with an alternating current electricity supply fed
t hrough cables to a netering device of the type having a neter di sc whose
rotational speed varies with the current fed to the netering device,
conprising: a sensing coil located in use externally and upstream of the
netering device and in relation to one of said input cables so-as to-have
i nduced therein a signal which varies with the passage of current through
the cabl e, detecting neans | ocated in~B5e within the nmet eri ng device

adapted to produce a si nal-reSUIg%E? fromthe rotation of the disc which
varies with the FOPRRFBRSF DSANF JoX iIRPIRATLINg jther Lik8Fc8PPng reans; and

actuating neans_for.actuating t.he tanmper indicating nmeans., .the si-gnals from.
the coil anﬁe??8ﬁ1fﬁ8°%§F88§iﬁ&QHﬁﬁﬁfeﬂﬂ#ﬂg-on'the act uating means to

render it i noDer ghiY e UALel GoL Sl AR UMPCa S Ofiihh1 8HiSe Bl b Operate it

and actuate the Tanper detecting nmeans I'ghal” recerved fromthe

detecting qggggti§Pan§ggghahgg§ﬂaiégnwneract the effect on the actuating
_ -gnelse

means of the signal fromthe c The present ‘invention also includes an

electricity neteghe present invention further provides: apparatus
for detecting tampering.ﬁith-an.alte;nat%hg;cu:rent~
electricity supply fed through cables to a metering
device of the type having a meter disc whose .  : : -
rotational speed varies wiﬁh the'curﬁént_fed'to the -
metering déviég,_comprising; o
a sensing coil located in use:exte;nally\anqw.J_'

upstream of the metering device and in reiationatofbne
of said input cables so as to have induced.therein a,:
signal which varies with the passage of cﬁi&:é,ent--
thfough the.cable, _ :

detecting means locatgd'in-use_within-the_'
meteringidevice,adapted to prbduce;a_siQnalﬁreénlting_
frém_the:rotation of the disc;which:va;ies;with.thg-, A
rotational speed of the disc; | |

tamper indicgting means; .and

actuating means for actpating the.;ampér
indicating means,;

the signals from the coil and from the: detecting
means acting on the actuating means to :ender.it
inoperative under corréct operatihg cgnditions,_but to

operate it and actuate'the'tamper detecting means when



‘conpri si ng apparatus in accordance mnth the presenr i nvénts on. B way of
exanpl e only, specific enbodi nents of the- present I nvention will now be
described, with reference to the acconpanying drawi ngs, in which:- Fig. 1
is a view of an embodi ment of. device fitted to a domestic nmains electricity
supply unit, but which does not" formpart of the present invention; Fig. 2
Is a circuit di agram showi ng the construction of the device of Fig. 1; Fig.
3 is asportion of a circuit:diagramshowing a nodification to the circuit
of Fiyy 2, Fig. 4is a CIrCUIt di agr am showi ng the construction of an
enbodi ment of device in accordance witirShe present invention;, Fig. 5 and 6
are plan views of alternative nmeter discs for use wit the enbodlnents of
Figs. 4, 7, Sheyrmigoal plegeived framsthecdetqcting éﬂﬁaﬁf i# dagpHdedmBodionent of
device in accordance with the present invention; g ECUIt

di agr am of tﬁ@PQﬁ@EéﬂFrﬁh?teﬁfeqﬁ gn the aftpatipg meaps é% ] ?t?ﬁﬂ?agf HMcircuit

di agram showi ng a nDdlflcatlon of the circuit of Fig. 8. -10- Referring
firstly to FFBF opilghi ch shows a device which does not formpart of the

present I entl oo SRTRRE B0 SHA R ELisk SUTRIKcpILiRgE Scs o

I ncom ng ren main fuse-1 usual I'y

rated at 60Au 1000 Jih0adlh GhoGidorkide WELP'thd doresht Pltiveheasls, 16, 18

feed the neté _
By way of example only, specific embodiments of the

present invention will now be described, with reference to the.
St accompanying drawings, in which:-

Fig. 1 is a view of an embodiment of device fitted to a
domestic mains electricity supply unit, but which does not form
part of the present ihvention;

Pig. 2 is a circuit diagram showing the construction of
the deviee of Fig. 1;

Fig. 3 is a portion of a circuit diagram showing a
modification to the circuit of Fig. 2;

Fig. 4 is a circuit diagram showing the construction of an
embodiment of déviece in accordance with the present invention;

Fig. 5 and 6 are plan views of alternative meter discs for
use wit the embodiments of Figs. 4, 7, 8 and 9;

Fig. 7 is a schematic view of a second embodiment of
device in accerdance with the present invention;

Fig. 8 is a circuit diagram of the embodiment of Fig. 4;
and

Fig. 9 is a portion of a circuit diagram showing a

modification of the circuit of Fig. 8.



current into the property, via a fuse box or cant 2t breaker umlt«20. The
~device 22 in accordance with the first enbodi mnent of the present invention
is situated in use between the main fuse 12 and the neter 14. Externally,

it conprises a cuboidal box 24 having two apertures to allow two |ight
emtting diodes LEDI. LED2 within the device to be visible therethrough.

Al so, there is an aperture in the face olege box adjacent to the nain fuse

12 and another aperture in the face of the ox adjacent the neter 0.

Box 1's sueh t hat Eerbid Rl RoBi WL sch halRrs adfige] %Fha%éi o
14, abutting Qﬁﬁhféﬁntﬂaeﬁ\dﬂ'lﬁtﬁelgﬁréeéﬁt mb@:iﬁbﬁ M%@éﬁ:@a@ﬁﬁ@%ﬁrﬁ&@%%%

electricity supply between the main fuse 12 and t he neter

itself is encasi%g ¥ Nund tt congiri ses eap AneaRing dEAIRS eabje Qoichefsads tlurent
apertures for the LEDs ‘thereby being closed off, but the LEDs are stil

visi bl e throughat Sewnestuse The(istallFlutat eatp6oxi cied0UA) eimtbl & thectatiaiey of
the systemto be evaluated very sinply,. as will be  explained. LED 17s
i ntended to baememeldent IQutput leadsddb,t d8i feiechithe meteneddevice 22 is
operating correctly. LED2 is normal ly lit, but is extinguished if sone
fault is presemrrent Hatsy siteen pr@peverrpwéa af fuse HaRigr eenbaeh
e e aker dhit 20. The liiv ce’%3 1n' atc“c%rsd”é’z?éz with the
first embodlment of the present invention ls situated
in use between the main fuse 12 and the. meter 14 QJ
Externally, it_comptises_e cuboidelnbeg Zé_having two
_apertures tp_eliew two light emittinénﬁipdee'LEDI,
LED2 within the device to be visible therethrough..
Also, there is an aperture in the fece.of:the box
adjacent to the main fuse 12 and another[eperture in
the face ef.the box adjacent the meter 14, to:allow
electric cable to pass into and out of the box. The
height h of the box is such that it is a snug fit
between the main fuse 12 and the metet_14,_abptting | C;
each of themzwhen_in use, thereby pteventing-aCcess to
the electricity.supply between the mein_fusezlz and
the meter 14. The box 24 itself istencesed'in a tough
transparent reein, e.g.;epoxy resin, the apertures for
the LEDs thereby being closed off, but the LEDs are
still visible tnrough the resin.
The two LEDs are provided to_enable;the_state of

the system to be evaluated very simply,~asfwill be



B wre

‘The construction of the device is shomn in Frg 2. The incomi ng mains |ead
10 conprises an insulated live cable L and a neutral cable N, each of 16m®
cross-section. Each of these cables is forned into a respective coil 26, 28
of a single turn each about an el ectronmagnetic core 30 in the formof an

el ongate, cylindrical soft iron bar. A third, detecting, coil 32 conprising
200 turns of insulated 18 SWE' wire is alsol rovrded ‘'oh the core 30. The
primary coil P of an iron-core transforner 4is connect ed vra a 1A qui ck

brow Ylse F1 agypraddial | eyl 16U hebndal! 8 be' Hethablfe13r 45,10 mai ns

supply. The current i nduced in the circuit connecte con aﬁy coi |

S of the transfigf BHdexd ¢& Tndpéardi ghhy f r oot it ki tﬂ‘i‘ﬁ‘s of
two Type BY 126 di odes D1, D2, and the cu?ﬁgn?g?ggfe 2 i% %ﬁeFﬁ

em tting di odeddridedtilyser ILEDA 1§ modkalByr 1it§8b&t0ls3éx§%@%&ts%dacr 0SS
the secondary coil S. The LEDl is thus always |it whenever current flows in

the incom ng mdifnsomeppfaultCapacpreosen€lianth€2systeh, forléxaapileg [err],

40V capacitors, are al so connected across the secondary coil, with a view
t o snoot hi ng oltE ttike rsapply dvhsibeen . tdmpereddwithhoredift i ggnﬁrin@e LED2

I's al so connected across the secondary coil S, the LED2 being connected in
series with a [fauljt rde&sipregerss imdthe supply. '

The construction of the device is shown in Fig.

2. The incoming mains lead 10 comprises an insulated

L live cable L and a neutral cable N, each of 16mm2
cross-section. Each of these cables is formed into a
respective coil 26, 28 of a single turn each about an
electromagnetic core 30 in the form of an elongate,
cylindrical soft iron bar. A third, detecting, coil
32 comprising 200 turns of insulated 18 SWG wire is
also provided on the core 30.

" The primary coil P_of an iron-core transformer 34
is connected via a 1A quick blow fuse Fy across the
live and neutral cables L, N of the incoming mains
supply. The ¢urrent induced in the circuit connected
to the secondary coil S of the transformer 34 is
substantially half-wave rectified by means of two Type
BY 126 diodes Dy, Dy, and the current is fed to a 1.4V
light emitting diode LED; in series with a 2k -,0.5W
resistor 36 connected across the secondary coil §.

The LED; is thus always lit whenever current flows in

the incoming mains supply. Capacitors C; and Cy, each



| COMA qui ck bl ow fuse 'F2.- Thus, LED2 is also always lit, whenever curr erit
flows in the incom ng mains supply and whenever fuse F2 has not blown. A’
depl etion node netal oxide sem conductor field effect transistor FET, is

al so connected across the secondary coil S of the transforner 34 between
the fuse F2 and the second LED2. This is normally held open by the gate G
to which no voltage, or an insufficient\4¥i§ge to close it, is applied, as
will be explained. A Fairchild Type 741 operational anplifier [err] is

it ovi ded, and ULBBLEX RO i {32 ] 1o the -
P ecs i fine BELngULPOLEY HOVIddaGKtG | e GledTebingRRRACRER ok ' 1

is connected tehéhseconaRES ¥odd, vl Wiy %&rﬁéeﬁa@i&? eepgtual -
position of the connectioﬁ§of the return |ead 40 on the segoﬂgar§ﬁ§oil i's

det ermi ned durregtifitedosdghudt.i on of the circuit, and is that position
where the output of the anplifier is zero for zero input. The power for the
operational -anplifAesecend light muittdag LicdeIED4 e dpgbhe V+ and V-
connections which are connected across the secondary coil S. The output of
the anplifier ¢emng¢ctedcaocnessethe zexondarly auidcis OreHé LEDS ypeihfl 1418
diode 44 and a [err] resistor 46 to a 47 [err] 25V Tantilum capacitor 4,
the other sidecotnectedapacseviesemigh a 2k =, 0.5W resistor 38 and
100mA quick blow fuse F,. Thus, LED2 is also always
lit, whenever current flows in the incoming mains
supply and whenever fuse Fo has nOt:BIOWn;~ - :;_
A depletion mode metal oxide semiconductor field
effect.transistor_FETl is also connected across the
secondary-cqil;S:ofpthe transformer 34 betweéen the
fuse Fo and the second LED2. ' This i#'norﬁaily:held
open by the gatesG;to which no voltage, or an
insufficient voltage to close it, islapplied, as will
be explained.
A Fairchild Type 741 operational amplifier 043 is
provided, gnd,one;output X from the detécting coil 32 2
1s_connected_tdﬁthe.non—inverting”inputfthéreof;'-The
other output'x:cf-the detectihg COil.BZEiS“conneCted
to the secondary icoil S along a return lead 40. The
actual position of the connection of the return lead
40 on the secondary coil is determined during the
construction of the circuit, and is that position

where the output of the amplifier is zero for zero

input. The power for the operational amplifier is



‘connected to the diode.D2. ° The gate G of the FET1 i s connected; between the
resistor 46 and the capacitor 48. The output of the anplifier OAis also
connected by neans of the return lead 40 to the secondary coil S via a
[err] resistor 50 and a [err]resistor 52. A feedbacgk.|loop 54 |eads from
bet ween the two resistors 50"and 52 into the inverting input of the
operational anplifier [err]. The return | eep340 is al so connected to the
out put -of the anplifier in between the capacitor 42 and the diode 44 via a
type "™ 1418 digdevidedlbyﬂ@bmwecuﬁvnxitmhthéthagnétVe éonneetponduced by
t He..coil s 26, 28 cancel each other out, since the currents in the two coils
are in anti phasehithuaret konnected derbesdthe second@rywhoth 8s wound on

the sane core as the coils 26, 28 will be zero or negligible. Thus, the
i nput into the oper Thieopait putplaf ithe [amplifier B4 728 oconnaetedgVbBea The
result of this is that the output of the operational _anplifier wll also be

zero or negligi B O1pEuLOAV Kcapacidion Cawota stippeyIl 14181dioderbecrad: |y
conduct tve. * Thés 1Hoth W @Reiean 4 t duANECASY BB hRR be 11 qurl ng
O 0P A Okl B, T b % DA Y BAE LR Lok bERG Y Y
connected to the:diode Dy. The gate G of the FET; is
connected between the resistor 46 and the capacitor 48.

The output of the amplifier OA is-glso connected
by means of the return lead 40 to the secondary coil S
via a 100kn0.5W resistor 50 and a 1lk-%0.5W resistor
52. A feedback loop 54 leads from between the two
resistors 50 and 52 into the inverting input of the
operational aﬁplifier OAl. The return lead 40 is also
connected to the output of the amplifier in between
the capacitor 42 and the diode 44 via a type IN 1418
diode 54.__

In normal operation, the magnetic fluxes produced
by the coils 26, 28 cancel each other out, since the
currents in the two coils are in antiphase. Thus, the
éu:rent induced in coil 32, which is wound on the same
core as the coils 26, 28 will be zero or negligible.
Thus, the input into the operational amplifier OAj;
will be zero or negligible. The result of this is
_fhat the outpuﬁ of the operational amplifier will also

be zero or negligible, but will certainly not supply a



flux created in the core 30 by the | eads 26, 28 connected to the |ive and
neutral leads L, N respectively will not be exactly equal in anplitude, and
hence a net flux will be created. The net flux will be-detected by the
detecting coil 32, in which a current will be induced. The induced current
is anplified by the operational anplifier OA whose output charges the
capacitor [err] controlling the gate of t field effect transistor FET.
When the capacitor C4 has reached a certain voltage (approxi mat el y 4\04The

gi;gc?ftﬁgﬁsrs%hgf?éiggé&keigiggh <§§?§F; £$aé£€ar3§g§5$?£%?ﬁF%L§|fIoms '
through the tragngi §§'§F| h lcg:g '{}E%‘ngéﬁ% Zpﬁghbégmlugggvéhus P]TSI ngui shi ng

t he second |ight em en tanpering the supply -

has occurred, | 8 RiB bit1ithe other
light emtti ngvg#%djé Eili:)zéggfkggg(tﬁng%éléshedﬂand tlhgs I ndi cat i ng t hat

t anpering MAthdﬁbfnéuagkﬁaua%#gyggféﬁi -1:5-. The val ues of the
capacitor C4 and teSistor 46 are chosen such that the capacitor does not

charge sufficient!yft otagslaire cdpreghtto @bfaincelécteiettgciliegadilst or

FET until several seconds- (approximately 7 or 8.seconds) have el apsed. This

ensures that vbyyinherferriag stitigeshe mupplpIMdscL;yNsuhehythe 9. a
flux created in the core 30 by the leads 26, 28
' connected to ‘the live and reutral leads L, N B
respectively will not be exactly equal in amplitude, w
and hence a-het-flux will be created. 'The net flux
will be detected by the detecting coil 32, in which a
current'willébe7induced; 'Thé-induced current is .
amplified by  the 0perationa1 amplifier 0A; whose
output charges the capacitor C4 controlling the gate
of the field effect transistor EET.' When the
capacitor C4*has'reached'a certain voltage =
(approximately 4V) the gate of the fieldﬁeffeCt: |
transistor is'aCtuated, thus causing‘the'field.effect i;
transistor to assume a conducting state. A large
'current thus flows through the transistor, causing the
‘fuse F2 to blow, and thus extinguishing the second
1light emitting-diode LEDZ; Thus, When'tampering with
‘the supply has 0ccurred, only the first light émitting
dlode LED] is 1it, the other light emittifg diode LEDj
being extinguished”and thus indicating'that tampering

with the supply has occurred.



“spike in the waveformer an accidental earthing by*a Gonsume®. da ndt ‘cause
the FET to conduct and do not extinguish the 'second |ight-emtting di ode
LED2. Only when a relatively long-lived or pernmanent interference has
occurred will the second light emtting di ode LED2 extinguish. The val ues
of the capacitor C4 and resistor 46 can be varied to vary the tinme required
for the actuation of the gate. This peried5ean be ahything up to, for
example, one mnute. This appﬁgatus al so has the advantage that if there is
a rehdtlvely | ar g¥heayalyes & IQhﬂ«ﬁﬁP%ﬁiEGFrgatapé ‘Eapintorads wren

i mbal ance in the currenbm the |live and neuté | eads, ,then this wl|

cause the sgcﬁhﬁsFPgﬁPC QKfQﬁ(ﬁﬁPﬁﬁiﬁPYO %§?|HQE| chargence t he

'e{”éii??&et;“L%g%?}diteﬁﬁé?fiw%q@e e ERER @ BF: the e LR

arrangenont | EEAPFRBEPR BE T, YoER) ‘%é*?% Al ettonds bk FaRIESEETY T

Lgs?t:gaghomn°%aﬁt%8°§ %chgwgbkggﬁgﬂ?s belng gasﬁ?QP?gﬁﬁtF?ﬁr?ﬁg'L;ﬁg

(o ence MUIBGBLE SLAEATARY 0 B0 ekt A ETRERY B 1S

the line | eadspgkér o the babkfor 6r an accidental earthing by a
consumer) do not cause the FET to conduct and do not

- extinguish the second light-emitting diode LEDy. Only

when a relatively long-lived or permanent interference

has occurred will the second light emitting diode LEDy

extinguish. The values of the capacitor C, and

resistor 46 can be varied to vary the time required

fdr the éptuation of the gate. This period can be

anything ﬁp to, for example, one minute.

This apparatus also has the advantage that if

there is a relétively large, accidental leakage of

current to earth, causing an imbalance in the'éurrent

in the live and neutral leads, then this will cause

the second light emitting diode LED, to extinguish,

since the imbalance will be detected by the detection

coil 32. Thus, a consumer or an electricity supply

official will be aware that a potentialiy dangérous

fault exists and can take action to rectify it. |

A modification of this arrangement is illustrated

in Fig. 3. The modified apparatus is almost identical



-secondary coil S of the transformer, the trip unit!BB'%eing connecked it o
the live input lead L of the electricity supply. The operation of the Fig.
3 arrangenent is alnost identical to that of the first arrangenent. Under
correct operating conditions, the detecting coil 32 will detect a zero or
negligible magnetic flux, and thus the oyjgut signal fromthe anplifier OA
wll be zero or negligible, as will the charge on the capacitor C4. Thus,

the FET1 will r@oifitie MHeRnPraD Pigs W 1| ahgepsf arna MO HL L FYE4 J(,

LED2 will thus still be lit,: but no current Wil “flrow™t hrough the actuating
coil of the splgroiid tsrhqw:ﬁGwﬂttdetdencﬁeatcbonpenehmgmtlons the
capacitor C4 will becone charged, and eventually w |l cause the FET1 to
becone conductidentdfiied twitlf ittt sahedreferencéhaumerads. ashithosé ows
through the FET will also flow through the coil 55 and thus will actuate

t he sol enoi d shopnudnt Fig. (ﬁﬂt|Thpcm¢diﬁﬁcatéonrinwpivepranedtﬁng t he

| arge current through -17- the FET1 will cause the fuse F2 to blow, thus
ext i ngui shi ngthee actiyating faklnpa of saarornantioned medenadd stmbpy is

incorrect, even if no electricity is being_drawn fromthe supply An
enbodi ment ofwiﬁh'§ﬁe§€hFhQMk%ﬂﬁ(iﬁ4§193I§E?PaFBG FETR o therp s

enbodi ment hagegg%dary COll S of the transformer, the trip un1t 56

being connected to the live 1nput_lead L of the
electricity supply. | 3 _ | _
| ~ The operation of the Fig. 3 arrangement is almost
1dentical to that of the first arrangement. Under
correct operating conditions, the detecting coil 32
will detect a zero or negligible magnetic flux, and
thus the output signal from the amplifier 0Al w111 be
zero or negligible, as wi11 the charge on - the
'capacitor C4 Thus, the FETl will normally be open
and will therefore be non-conductive._ The LED2 w111
thus still be lit, but no current w111 flow through
the actuating c01l of the solenoid trip 56
Under incorrect operating conditions,_the
capacitor C4 w111 become charged, and eventually will
cause the FET1 to become conductive as in the first
embodiment;._The current which flows_through'the FET
will also flow_through the coil 55 and thus will
actuate the solenoid trip unit 56, cutting off the

electricity supply. Also, the large current through



advant age that. not only does it detect electrical interference® but .t @lso
detects so-called nechanicgl -i-nterference, i.e. interference with the neter
itself to stop or redute its fotation so that it gives a | ower reading than
it should. The two types of tanpering with the supplyiwill hereinafter be
referred to as "electrical interference" and "nmechanical interference"
respectively. As for the arrangenent or Fig.1¥- the supply is provided
along | kve and neutral leads L, N. Dealing firstly with electrical

interfefence, eppp iFEPE WwidAd daudki gheoifhgd Fyceoabldeow atig st common
ferrite core L2 so that the magnetic flux prodlUced by the two coils cancel
each other out ¢ademg\WistiingehietLED2candi giviag as visudie ifndid¢ation
arangenent, a detection coil 60 formed by 150 turns of insulated SWG 18
wire is forned zhet the supply dsoircbfredhs ewveputlfl nomellles ety obs
coil 60 is fed into a type 741 operational anplifier QA2, the inverting

i nput of the opbedingordrawmnfincm ethal suppdiyag connected to earth. The input
to the non-inverting -18- input is fed through a [err] resistor 62 and
a feedback | oop extends beAneemboddmantpuofatbet pregent dnventipn rbsit of
the anplifier via a [err] resistor [err] capacitor 66 is_connected across

the output of tHhdlustaated) inndilso 4o rThbscenhgdinent: Haseslie i ng from

radi o i nterference which :
advantage that not only does it detect electrical

interference, but it also detects so-called mechanical
O interference, i.e. interference with the meter itself to
stop or reduce its rotation so that it gives a lower
reading than it should. The two types of tampering with
the supply will hereinafter be referred to as
“electrical interference" and "mechanical interference"
respectively.

As for the arrangement ot Fig. 1, the supply is provided
along live and neutral leads L, N. Dealing firstly with
electrical interference, each input lead L, N is coiled
once around a first common ferrite core Ly so that the
magnetic flux produced by the two coils cancel each

other out under normal operating conditions. As in the
first arrangement, a detection coil 60 formed by 150
turns of insulated SWG 18 wire is formed about the
ferrite core Ly,. The output from the detection coil 60
is fed into a type 741 operational amplifier OA9, the
inverting input of the operational amplifier also being

connected to earth. The input to the non-inverting



m ght ot herwi se produce spurious signals. .The operational anmplifieéer is
powered by a 10V i nput obtained by connecting | eads 68, 70 across the input
leads L, N and to a transforner T and a bridge rectifiet 72. Two [err] 25V
capacitors 74, 76 extend between the negative output and earth and the
positive output and earth to snooth the rectified signal. The output of the
anplifier [err] is connected via a [err]..ygotal um capacitor 78, a[err]
diode 80 and a [err] resistor 82 to the gate G of an N-channel power netal

-oxi de semi condughut ifs el aftiesughr ans00kor ( YeBEEELrFB22andAd urt her ™M
" 1418 diode [err] tantalum capacitor 86 are connected to earth fromin

bet ween the cgadbduk ﬁ%w%ﬂ@ﬁ@s%eﬁﬂdehr eHe! Butputcand the esistor 82
and gate G respectively. 1I'n normal use, the flux produced in the core L2 by -
the coils of wom-iinventiag iveput abfNchabampldfbent viwoazdMousi nce the two
coils produce equal and opposite fluxes. Thus, the detection coil 60 has

no current indecedstor i64. ankl CodEeRueapagitie 66t fst cohnectetd- the
anplifier [err] is zero and the gate G of the field effect transistor FET2
is not actuat &eromgethe quikput gEstheodeteatbpst heopoplegol mp@avennd

neutral N wires do not exactly. ncel each her out, resulti n a small
i nduced curr ey &% ﬁﬁ??ﬁﬂ?&ﬁ#%ﬁf i Frep, re é°oéPEGF ferepge ¥ qheﬂ [err]
will not be

might othetwiSe-produce-spurious-signals,;_The__
~operational amplifier is powered by a 10V'inpuf
obtained by connecting leads 68 70 across the input Qj
leads L, N and.to a transformer T and a bridge
rectifier ZZ.ngwo_470pF 25V capacitors 74, 76,extend~
_betweén thefnqgattve=output_andLe@rthﬁand,the positivé
output and earth to smooth the*:éttified signal.
| Tne output of the amplifier 0A; is connected via a
1.5uF tantalum capacitor 78, a.IN_1418'diade 80 and a
lbOKJt resistor 82 to the gate G of an Nechannelspoﬁer
metal oxide semiconductor field effect tramsistor
(MOSFET) FETze A further IN 1418 diode 84 and a 47pF
tantalum capggitqr'86-ate cpnngéted to earth from in
between the capacitor 78Uand”diode 80 .and from in
- between the resggﬁor 82 and gate G féspectively,

In norma13use, the flux producéd_in the core Lj by
the coils of the live L and neutral Nﬁcables.amounts
to zero, since the two coils produce_équ@l-and“_.
onposite fluxes. Thus, the“detection_coi;.GO has no

current induced in it, and consequently the output of



sufficiently large to actuate the gate G If, :however, electricity is
illegally abstracted, the fluxes produced by the live L and neutral N coils
in the core [err]are o |onger in balance, and a current is induced in the
detection coil 60. The indutced current is anplifiediand charges the
capacitor 86. Wen a sufficient voltage (4V) is on the capacitor, the gate
G of the field effect transistor FET is actuyated, thus rendering the

transi stor conductive. (As befare, the val qd9-of t he.resi stor 82 and the

o encn the voltifoareriEign BB, M5 ssPngndensaats & g W Lhelio "
fenporary abber REGHEE| HEARGLEEREI FFT2alo0BPl ACTURYRAT udval Thethe
capact 10 B9 ancef g ' 8o e EBV S ek CH1ER Wil W1 SpRF ke 50, L0
conduct ive, a1 ol S0 HbENekBcBISRukedPBACH |IRT our ? GedPkpph | oo

a 20V signal to a soleno rrp uni ocated In the I'1ve sup d.L,

ol oennd S 'Y PRETEL 50N b BTSSP Y eddmagiiett T, e
di ode 94 to an q{w&tg%&tcggnggé 8fpVFieh bizalvfiqfidhd@fﬁheﬁ ed to a -[err]

sufficiently large to actuate the gate G.

'If, however, electricity is illegally abstracted,

s the fluxes produced by the live L and neutral N coils

in the core L; are no longer in balance, and a current
is induced in the detection coil 60. The induced
current is amplified and charges the capacitor 86.
When a sufficient voltage (4V) is on the capaCitor,
the gate G of the field effect transistor FET is
actuated, thus rendering the trénsistbf conductive.
(As before, the values of the resistor 82 and the
capacitor 86 are chosen such that the capacitor takes
about 9 or 10 seconds to reach the voltage tequifed
for actuating the gate G, thus preventing actuation of
the gate G as a result of short-lived spikes or other
temporary abberations in the supply). As before, the
values of the capacitor 86 and resistor 82 may be
varied to vary the period required to actuatioﬁ of the
ggte; |

When the field effect transistor FET2 is rendered

conductive, a relay 88, which is normally open, closes



- R add e b

supply. The 20V supply thus activates the counter 96 which is conventional
and whi ch advances one unit every 36 seconds. The,counter 96 thus gives an
i ndication of for how long illegal abstraction of elecuricity has occurred.
Since.the live lead L is now effectively disconnected fromthe neter M

there will always be a nett flux induced in the coil L2 by the neut
coil, and consequently the detection c0| %60 w Il continuously supp

signal to the anplifier [err], thus cont f

-Thus, once t

: noted on the

in order to
rotation of
electricity.

uously actuating the gate

Qﬁ P il ﬂeé rd QW'%%E&% St §ChUgbEenoiRY £ Qﬁ-ﬂ 1% Yy’

nic counter rning now to ne

1@ictftled 1P tHe | FIVECOSSHLY 18a82KS BRARS cliiti! ‘?ﬂ.‘f ng

the neter disc and neans" for detecflng the 1'npu
thEhadrdll SR By IPEhS Ghefefi MU| eAtUEReOkamee. t'i'ﬂiéUt

ral wire
'y a
G_ﬂ
i city is.

I nterference,

lead L. around a further ferrite core L3. A detecting coil 98 of 100 turns
of insul at edthes e 1a58 ddrirfed Se atis® #DOWdsuppl#lvianao By 6c divdes,
connected to the inputs of a type 741 operatlonal anplifier [err].
i nverting i npat axid teh@WriW iZemner didde 24ntecandelectzoniicand a [err]
resistor 100 is |ocated between the detection coil 98 and the non-
input. A [eccuntssi Séwish ks mbready connectedbsiokal odfVio the

supply. The ZOV_sgpply;thus_activa;es.the.counter 96

which is_convgntiongl_apdawhich_gdygnces_one unit

every 36 seconds. The counger.96-thus gives an

indication of for how long illegal abstraction of
electricity h@é_occugrgdi. S;nce_thé.live_léad L-is
now effecttvelytdiSQQPQgctgd froﬁrtpg.meter-M, there
will always be a mett flug induced“in'the.coilftz by
the neutral wire coil, and consequently the detection
coil 60 wil; continuously SUPPlY:& signal to the
amplifier 0A,, ;hus cgntithust.actuatingAthe gate
G. Thus, once the solenoid trip unitt90 is actuated,
any use:of electricity is noted.on_thé electronic
counter 96. | | |

Turning nqw;to meéhanical interference, in order
to detect this_it_ig_necessa:y.tb have_means:for"
detecting rotation of the meter disc and means for
detectlng the input of electricity. The input means
comprises a single turn of the input live lead L.
around a further ferrite core L3. A detecting coil 98
of 100 tuﬁns of insulated SWG 18 wire is also wound

live

and is

The

nverting
oo/
[



‘non-inverting-input, to provide a gai‘n-of 10% n the anplifier. The power
for the anplifier is obtained fromthe bridge rectifier unit 72. The out put
of the anplifier is féd to a D.C. block in the formof a [err] tantal um
capacitor 104 and thence to a bridge rectifier in the formof two IN 1418
di odes 106, 108, diode 106 hé&i ng connected in seri‘es with the capacitor 104
and the other diode 108 being connected tgggarth. A [err] resistor 110 is
connected in series with the:capacitor 104 and |leads to the gate G of a

met al=6xi de Sergasdued ﬁotfé éilgaiﬂ efh&Cist pBARLELEA E‘ET%heT%BE‘%?ﬁ?;ypi%i )

al_so connected 'to a [er tantal um capacitor 112. Thus, sin e live

input | ead L i sy 170 agpuwatioga T Catpl eELErt DR 0Ot gBli QRveRitingonti nual I'y
produces a curréent which'is anplified, rectified”and fed to the capacitor

112. In the absaipift £ athe Gidis) 1 £Dewr Bhuslsbheonnpatiedot ol darwbulahdiui ckly
reach a voltage at which the gate Gof a field effect transistor FET3 would
be actuated, tlaudQlnderresidter 10022s loeatedt betwerduthievde tie tiilnms
state, [err] input is supplied to the electronic counter 96 which is

al ready connecteaill & ajdrtiie supnt invertinhg itoputer AhdMmsresisd®wne unit
every 36 seconds, as before. However, the capacitor 112 is not normally

al | oned to readi¥2 Hes ptaxided) im|a afeedbagk| loaputpe thep! ai ned
non-inverting input, to provide a gain of 10 in the

amplifier. The power for the amplifier is obtained
from the bridgefrectifier unit 72.

The output of the amplifier is fed to a D.C. block
in the form of a 1.5pF tantalum capacitor 104 and
thence to a bridge rectifier in the form of two IN
1418 diodes 106, 108, diode 106 being connected in
series with the capacitor 104 and the other diode 108
being connected to earth. A 5k resistor 110 is
connected in series with the capacitor 104 and leads
to the gate G of a metal oxide semiconductor field
effect transistor FET3. The resistor is also
connected to a 22uF tantalum capacitor 112.

Thus, since only the live input lead L is coiled
around the core Lg, the detection coil continually
produces a current which is amplified, rectified and
fed to the capacitor 112. 1In the absence of any
other apparatus, the capacitor 112 would quickly reach
a voltage at which the gate G of a field effect:

transistor FET3 would be actuated, thus rendering the



(it would normal |y take about 9°t0 10 seconds so to do, and the val ues of
the resistor 110 and the capacitor are chosen accordingly). The
conventional electricity neter Mconprises a rotatably nmounted disc 114
which is rotated in the normal way as a result of input current passing

t hrough an inductive coil 116 of the live lead L. The disc 114 is provided
with a plurality of equally angularly sp ggd through apertures 117 (see
Fig.5) and an opto el ectronic coupllng dévfCe is prOV|ded conprising &*w

it he opposi FFANHEPEH (TEPAREEDY b gofn Bﬁﬁél 3tetd &ﬁ@ép”a“ heter
disc 114 rot ats% %&'leol erna@#&ﬁix\eg bbg%i‘acﬂ]tlts' hot e and

t he photo transi 'S aI ocke opene

120 out put s a&aﬂ:&% ed !t 5'%?'9\?%13;"@&;8“&16 e%@;%t:eciht& a 10

m crofarad tanta un1capaC|tor 122 e” 10 volt -supply fromthe bridge

rectifier 72 iggvasites GriOWsH1t heydip 348s880nd8 280 bedtrect ed across
-23- the phototransistor 120, each ohe via respectlve 1.5 [err] resistor

124, 126). Th@anas § thel Papse LO6PET12di bonbenbenallly alAGwedl twn
tran5|stor 128. The base B and the collector C are each connected to earth

by neans of arbaeH atid actisting 1661 tage aas. ﬁilérnbwrbeleleatﬁkd
respectlvely,(lt would normally take about 9 to 10 seconds so to
‘do, and the values of'the resistor 110 and the.
capacitor are choSeﬁ_;Ccdrdihgly).f' S - -
The coﬁventional electriéity'meter M comprises a
_ rotatably mounted disc 114 which is rotated in the
-normal'way as a result of input current passing*"
through an inductive coil 116 of the live lead L. The
disc 114 is pfOVidéd;with a'piurality of ‘equally -
angularly spaCed*through apertures=117 (see Fig.5) and
_an opfo-elettronic coupling device is provided,
.comprising.a light emitting diode 118 on one side of
the disc and a phototransistor 120 oﬁ the opposite
side of the disc. _Undér normal circumstances, as the
meter disc-ll#'rétatesﬁand the light path between the
-light emitting diode and the photo transistor is -
alternately blocked and opened, the phototransistor
120 outputs a pulsed, flip-flop signal, which is -
connected to a 10 microfarad tantalum capacitor 122.
(The 10 volt supply from the bridge rectifier 72 is

used to power the LED 118 and is also connected across

qnsi st or .



the emtter E being connected to a.-[éerr] supply supplied fromthe bridge
rectifier 72. The collectog C of the-transistor.-128 is al so connected, via
af[err] resistor 134 to the base B of a second BC 171 npn transistor 136.
The collector C of the transistor 136 is connected to one side of the '
af orementi oned 10 mi crof aradicapacitor 112, the otHer side of the capacitor
112, and the emtter E of the transistor 13§3.being connected to the -10
volt supply. The pulsed flip-flop signal fed into the capacitor 122 from

the phet ot ransi ghel phdt JEXENE Pét b 120DVEachEnbi ¢EaVebipaetivemlt /e base
of the first transistor 128 when the phototransistor 120 detects light from

the light emttkly deedestbd8.12the 126psi stor 128 then switches off and its
col l ector voltage rises sharply to 10 volts. Shortly afterwards, when the

phot ot ransi stor 120The lcupgritiet €23 idecobngettedi tbi thedbede bIB.a BC
signal is no longer fed to the capacitor 112, and the capacitor therefore
di scharges via 1&di supowr tx3msicstuor nk28 he The-baset Baasdsthe €23 leetni t ch
off, the collector voltage thereby falling to zero. This rising and
falling of the Eolirecte@ch slonnpctepehdseantin byemesnat pénal 190ekdSbi t he
meter disc 114. The [err], pulses fornmed at the collector C of the

transi stor 128 %e8imter/ild3Q pnd & r2n® kihiresistex; 134, respectivedyhase B

f th
© © the emitter E being connected to a -10V supply

supplied from the bridge rectifier 72. The collector
C of the transistor 128 is also connected, via a.
100kt resistor 134 to the base B of a second BC 171
npn transistor 136. The collector C of the transistor
136 is connected to one side of the aforementioned 10
microfarad capacitor 112, the other side of the
capacitor 112, and the emitter E of the transistor
136, being connected to the -10 volt supply.

The pulsed flip-flop signal fed into the capacitor
122 from the phototransistor 120 momentarily removes
the bias voltage from the base of the first
transistor 128 when the phototransistor 120 detects
light from the light emitting diode 118. The
transistor 128 then switches off and its collector
voltage rises sharply to 10 volts. Shortly .
afterwards, when the phototransistor 120 no longer
@etects the light emitting diode 118, a signal is no
longer fed to the capacitor 112, and the capacitor

therefore discharges via resistor 130, causing the



switched on. As the transistor 136 is switched on,. the collector voltage
falls to zero, and the capacitor 112 which has previousty been slightly
charged as a result of the coil 98 about the core L3, discharges, and does
not have the tinme to charge to the value required to actuate the field
effect transistor FET3. Thus, as the co%ﬁsﬁialtenpts to charge up the

capacitor 112, the circuitry leading fromthe neter disc periodically v~

di scharges t ey RPREL4P"1 78 2e 2SRRI dFS, B o Rbcd o I PEBRE. Thire,

*nguring_nornal'operat|0n,'_'e capacitor cannot charge to a _ _
sufficient topetBy erdlPihgeLs glelret! tmrsmﬁtﬁné &ind £411ifiggdbgc in the

nmeter is stopped external interference, the anplifier [err] anplifies
the signal free téeltedtor Hoidgac depeddd gt e et ionall2, as

descri bed before. However, if the neter is no longer rotating or is
rotating too speedyof nthe@unster aisicnddif.i cithe YOV smsl ses | £oeméddatnto the
transi stor -25- 128 and there to the transistor 136, and the capacitor
112 wil | thertdy d¢el hittwor oCcofir ghet transdlator 48 arersfed ywild) thiaer eupon
the field effect transistor FET3 will sw tch on and supply voltage to the
el ectroni ¢ coammrenyelinbting vesistore 13dd\tondde daseirB tofvthe 36
seconds. This gives a visual _ : :
second transistor 136, and during the pulses the
transistor 136 iS'thereby'switchéd pn‘ " As the
transistor 136 is switched on, the éqllecéor voltage iJ
falls.to-zero,aénd the capacitor 112”which has
previously been slightly charged as"a result of the
coil 98 about the core L3, discharges, and does hot
have the timé:to'charge to'the'valﬁe*required:t05
actuate the field effect transistor FET3. Thus, as
the coil 98 attempts to charge up the”caﬁéeitor 112,
the eifcuitry leading from the meter-disc periodically -
discharges the capacitor 112, assuming the meter disc
is rotating. Thus, ‘during normal operation, the
capacitor 112 cannot éharge-to.a'vaiue sufficient to
actuate the field effect transistor FETj,
1f the disc in the meter is stopped by external
interference, the amplifier OA3 amplifies the signal.
from the coil 98 and acts to charge'the Capacitor 112,
as described before. However, if the”meter is no
longer rotating or is rotating too slowly, no pulses,

or insufficient pulses will be fed into the transistor



.indication as to for how long interference withtd he supplier has occurred.
-Instead of having holes in the neter disc, it would be possible to print
alternate black and white portions B,W(Fig.6) onto the disc and use a
reflective type optocoupler with the light fromLED 118 being projected
towards the black and whitgsportions and the photioreter 120 being aligned
to receive light reflected. fromthe whit€%§ﬂtions W This would al so

i Sc.L/l ter nat 1981 98 FBAERUSE Theo HIABRL SRGF e (4191 $4° 2o 8DAGABPE 111 p
Sbstract ol cot HE RYL1 PRERRPY DR Al &O GRAREAHY B1vEHEpresent !
in'the first ekpBaFnERBeceRy Ydomheanmtr o S EBRREEE” e hne
neutral o) SSekanbtetBE EETa 2B RN B SR S URLF B SudpoRLY2 [0 2
Fhoun SEher B9k M1BBCRLAMEC chun el JCCURA MUONSIORLY SRULESRRS, .,
of the secondagye CghitSe®ePyCIBNBeLBMdS? This gives a visual
indication as to for how long interference with the
supplier has occurred.
Instead of having hdles in the meter disc, it
would be possible to print alternate black and white
portions B,W (Fig.6) onto the disc and use a
reflective type optocoupler with the light from LED
118 being projected towards the black and white
portioné and the photometer 120 being aligned to
receive light réflected from the white portions W.
This would also result in a flip-flop signal whose
frequency varied with the speed of the disc.
Alternatively, the output from FET3 may used to fire a
ij’ solenoid trip to cut off the supply to the consumer in
the event that it is attempted to abstract electricity
illegally.
A further embodiment of the present invention is

illustrated in Figs. 7 and 8 of the accompanying

drawings.

As in the first embodiment, the incoming mains

supply comprises live and neutral cables L, N. The



rectifying di.odes 150, 152 to supply a |lowvoltage electricity supply for
the conponents to be hereinafter described. As seenin Fig.8, the tw

di odes 150, 152 are connected to earth via a F, 25V D.C. snoot hing capacitor
153. A first detecting coil 154 conprises two hundred turns of insulated
SWG 18 wire wound around a ferrite core, lgpocated before the main fuse 142.
A second detecting coil 156 is |located wit4Hh the neter housing, and is of

const ructi on ob LV S5BTgodeRAR, Mda i mrit BeE 14268 Aototd Wekose chen
To0. “160%1 “rouhEsh, PERYesd o RARRE ShiBlndd L0 148, 8275 MebRRL 10l
Fectifying di oles ThEE 1BoREMEP alhetah iy o BB 7Y Do g cor I s
the coils 154, TPEGALRE BATRE Byl AR bed el JORRORLA £blaPa0 N
Corparator 170°CREFESTEPped! B CpAAOMR RndiEdiE D00 (SPRSAIEC, e
vol tage from bgiaegnofathePdiclcdHdarSsicdiN $ e déwnééré&debdo. t he

inverting input of the conparator associated with the opposite detecting
coi |l . Under rectifying diodes 150, 152 to supply a low-voltage
electricity supply for the components to be
hereinafter.desqribed. As seen in Eig.&, the two e

_diodeSIISQ;ISZ are connected to earth via a 47QuF, 25V ~
D.C. smoo;higg-caﬁacitpr 153.

A firéﬁ_dgtec;ing coil 154 comprises two hundred
furns of igsqlated_SWG 18 wire wound around a_ferrite
éore,_loqated before the main fﬁse 142. A second
détectiﬁg_cdil-;SG is located within the meter
housing, ahd'is:of identica1>§on8truction to.the“first
detecting.¢oi1 154. The eiectrical construction of
this embodiment is_shoﬁn in_Fig} 8; Conﬁécted across -
eéch detecting coil,is a 0;3§ALF.tantalﬁm-capacito; .\J
158 and two 0.25 W-tesistors-lGO,.162.of IOOIK—iand
.220 K-+value respectively. The two coils 154, 156 are
also cpnnectgd_in_series_withgeachnother, ana two type
IN_4148_re¢tifying diodes 164, 166 are connected to
each of the detecting coils 154, 156 in tﬁelleads--
remote from the common.lead-168lconnected to each of b
the coils 154, 156. - The full voltage produced across
each of the detecting coils 154;'156 is fed into the

non-inverting input of a respective comparator 170,



normal circunstances, the voltage at each non-inverfiné.inputi@ilP.be.'
greater than that at the associated inverting input, so that the output of
t he conparator would al so be hi gh. However, the output of the conparators
170, 172 is blocked by a respective type IN 4148 bl ogking di ode 174, 176.
If the mains supply is by-passed across either of the-coils 154, 156, or if
the wires connecting the two coils are cut_gf.short-circuited, then the

vol tagé™at the inverting input becones greater than that at the

non-inverting ingut ofCy | WM 133 T abeaughreud tl 19% .t hgheonpar at or
unit 174 if the first coil 154 is bridged and will be drawn through the

ot her di ode 176vidlltidge Foabetdided ¥ack paifdged. resSistoranlédhalléze is
produced whi ch causes an LED 180 (connected to the voltage supply via a 0.5
W1.5 [err] resist #edl®?) the limtdrtimg \bnpoveof gheckcappadatiome- count er
184 is also actuated, the counter being identical to that of the first
enbodi ment, andaadoceisted erichuthe eyvppgsiberdetectiagceondd .el Hpded Thus,
if it is attenpted to abstract electricity illegally by bridging the
supply, the el apornal cizgumsitamcssuntthe 1waltagacataeaghand the LED 180:

also lights, indicating to the consuner that the tanperin% has been
det ect ed. Turni Rgurdnvesting dnpwthivkllibe cgFeptaEethipnhthat at the

associated inverting input, so that the output of the
comparator would also be high. However, the output of
\;f the coméafators 170, 172 is blocked by a respective
type IN 4148 blocking diode 174, 176.
If the mains supply is by-passed across either of
“the coils 154, 156, or if the wires connecting ﬁhe two
coils are cut or short-circuited, then the voltage at
the inverting input becomes greater than that at the
non-inverting input. Current will be drawn through
pin 1 of the comparator unit 174 if the first coil 154
is bridged and will be drawn through the other diode
176 if the second coil 156 is bridged. Thus, an--
imbalance is produced which causes an LED 186
(connected to the voltage supply via a 0.5 W 1.5 K-
resistor 182) to light up. Moreover, an elapsed
time-counter 184 is also actuated, the counter being
identical to that of the first embodiment, and
. advancing one unit every thirty-six seconds elapsed.
Thus, if it is attempted to abstract electricity

illegally by bridging the supply, the elapsed



-~ gbove and as

the meter, as in the second enbodinent, a light 'emtting diode 186 is

provi ded on one side of the neter disc 146 in series with a 0,5 W1.5
[err]resistor 188, the LED 186 being connected in series with a 0.25 W27
[err] resistor 190 and a phototransistor 192. As in the second enbodi nent,
the neter disc 146 is provided with a plurality of through apertures, which
produces a pul sed signal at the coIIectgi C of the phototransistor 192.

The neter disc is identical to the neter %isc 114 of Fig.5. Also, the

a(rangenent gy e oLERIIC A8V VG464 4 CahiYEnd’ LRPITARNG 535 descrivsed
#I egclnétlg. o % P Phe p

ustrate e colTector o hototransi stor 192

s CO””eCtedligﬁt%,0f@ﬂf%ﬂﬂfﬁgﬁﬁé;ﬁﬁ&aééﬁhﬁ ér 1#HatOchBe tialp@irliingd | nput

of a further cOnparator 198 | Tntegrated circuit 174. ref erence
vol tage, progdgctely deelctidal divider. formed: by a 0.25 W32 [err]
resistor [err]resistor 202 connected across the voltage supply is fed into

t he non-invertinqukmﬂm@;wbﬁtﬁb{ﬁneiﬁ@&ﬁahﬂaalnﬂuteetetaﬁceownahator 198.
A clanping action is thus produced on pin 13 of t:he conparator unit 174.
-29- A 47pF thet aketergapaciinothiz0second newbodiment,ha pight3 (i.e. the
out put of conparator 198), and also to pin 12 of the conmparator unit 174.
Under nor mal eciittimgt dicode 186 immacdvidedOanwohe addecodr gbe
meter disc 146 in series with a 0.5 W 1.5 K- resistor
188, the LED 186 being connected in series with a 0.25
W 27 Kltresis£0r,l90'and afﬁhototransistor 192. As in Quf
the second embodiment, the meter disc 146 is provided
with a plurality of through apertures, which produces
a pulsed signal at thé“colleétor“CToﬁ-the
' phototransistor.192.:.The'metef“disciis identica1 to
- the meter disc 114 oﬁ-Fig.S.-=Also,fﬁhe ariangemént-
‘may be replaced with the reflective arrangemenét.aé
described-aboﬁé'and”as.i;lUStrated:in;Fig.G.

The collector of the phototransistor 192 is
connected.via'a’O,GBpF'taﬂtalum.capaéitor 196 to the
inverting input of a further comparatﬁr-198.in the
integrated circuit 174. A reference voltage, produced

| by a potential divider formed by a 0.25 W 32 K-
resistor 200 and a.0¢25 W 10 Knresistor 202 connécted
across the.voltége suppl&_is fedjinto'the'-
non-inverting.input.offthe ﬁon-invercihg input of the
comparator 198.. A clamping action is thus produced on

pin 13 of the comparator unit 174.



because its positive plate is connected to.pin 13. Thus, every tine a
positive pulse is produced,by the photetransistor 192 as a result of the
rotation of the neter disc M the voltage of the positive plate of the
capacitor 204 is clanped to 0.6 V. A sanple of the signal fromthe
detecting coils 154, 156 is fed into the inverting input of a type Cr4l
operational anplifier 206 via a 0.25 W10 [ggct] resistor 208. A reference
voltage fromthe secondary coils S of the centre-tapped transformer 148 is
fed ined the non-inerd7ul) taptialok thpaelpbrf 204, 18n¢d onnee tasd &b
supply to pin 4 of the anplifier. A power lead is also connected to pin 7
of the anplifiepinrA8 oft pat thenoptput of teompavatiofedPB)t,amnd whso
capacitor 210, and a 0.25 W68 [err] resistor 212 bridges the inverting

i nput and the | moutpim Iheo£athei comparetorhundspddét.or Under aaxmadect ed
via a IN 4148 di ode 214 and a 0.25 W120 Lerr£ resistor 216_to the positive
plate of the af &lsaumstaneeeaptheteapPaoitary2ffnwillonoth€hadg®ar at or unit

174. The capacitor 210 is al so ¢connected to,the power supply fr t he
centre-tapped shesfnss ke pesitive plate ks4¢2808c58d Spgpin T%O The

| ed si | f ith both of t det ect i i1s 154, .15
Bl T1ed by 1 ARy YGREI LRI 71 PRpLEBBSCRALPBOLS! PRI ShEN e

phototransistor 192 as a result of the rotation of the
meter disc M, the voltage of the positive plate of the
\;/ capacitor 204 is clamped to 0.6 V.
A sample of the signal from the detecting coils -
154, 156 is fed into the inverting input of a type
C741 operational amplifier 206 via a 0.25 W 10 K-
resistor 208. A reference voltage from the secondary
.coils S of the centre-tapped transformer 148 is fed
into the non-inverting input of the amplifier, and
also as a power supply to pin 4 of the amplifier. A
power lead is also connected to pin 7 of the amplifier.
The output from pin 6 is fed to a 10pF tantalum
N capacitor 210, and a 0.25 W 68 K-*resistor 212 bridges
the inverting input and the input to the capacitor
210. The capacitor 210 is connected via a IN 4148
.diode 214 and a 0.25 W 120 K<rresistor 216 to the
positive plate of the aforementioned capacitor 204 and
pin 13 of the coﬁparator unit 174. The capacitor 210
is also connected to the power supply from the.
centre-tapped secondary coil § via a type IN 4148
diode 218.



di odes 214, 218. The capacitor 210 bl ocks _any direct current fromthe
output (pin 6) of the operational anplifier 206 in,standby node. The
resistor 216 and the capacitor 204 forma long RC tine-constant, typically
of 7 to 8 seconds. As stated previously, under normal conditions the
capacitor 204 will not charge because its positive plate is clanped to the
out put voltage of 0.6 volts on pin 13 eve§ _time the neter disc produces a
pul se. However, when the meter disc is nol running, due to interference,

t fen no cl anpin r i 0 hus che#ges
'rgg)i dly, angpi tg wefgs;aeﬁﬁ Qﬁglggghg}?ﬁvg%%ﬁﬁg ?%pggldc‘)lf Bafz?:élr% her 9

conpar at or 22Qeite dtiithg VBRI /D54 UM 56114 aIBEiEQEd' Byekheng i nput of the
comparator 220 is fed wWith a r'ef ef ence vol tage producéd by a 0.25 W 220

[err] resistobpdthatiivhal hmfl Vfidd PO6rindereetfidddbyoRhRCitaid i N series
across the voltage supply. As the voltage at the positive plate of the

capaci t or 204ddodexi2lide 218 er eThie capaeitont 210ebdooksnaayt idigeatput
(approxi mately 4V), the conparator 220 is actuated. Pin 14 of the

comnpar at or unicuryent; Hiromreve eutpeht (phno6Yhof thet hperegional 4148 di ode
-31- 226, causing the LED 180 to I|i ht:.and also actuatlng the electronic
clock counter & ifiqn &0 LknySE%egb

The resistor 2L6 and-the capaCith 204 form a long
RC time coﬁstant;'typicallyfof 7'to 8 seconds._ As
stated previouely, under normal conditions the Q}
capacitor 204 will not cherge'because its positive
plate is clamped to the oﬁtput'voltege Qf 0.6 VOlts on
pin 13'every.time'the meter disc produces a pulse.
However, when thé meter disc is not running, due to
interference, then no clamping pulees are produced at
pin 13, CapecitOr:204 thus*eﬁarges rapidly, and its
voltage is fed to the inverting input of a further
comparator 220 in the comparator unit 174. The
non-invertipgfinput of the comparator 220 is fed with
a reference_voltage'produced.by'a'O,ZS W 220 K-
resistor 222 and a 0.25'W 120 K<iresistor 224
connected in*éeriesracross:the VOltage'supply. As the
voltage at the positive plate of the capacitor 204
exceeds the reference-voltege.at'the non-inverting
input. (approximately 4V), the-Comparator'ZZO is
actuated. Pin 14 of the comparator unit 174 thus

draws current through a further type IN 4148 diode



Thus, any interference, be.it nechanfcé{ brheleoﬁriéalh tosthe fdbonﬂng
mai ns supply causes the light emtting diode; 180 to |light, and al so causes
the el ectronic clock eounter to advance. Thus, it is possible to estinate

the total time elapsed during. which illegal abstraction of electricity has
occurred, and upon inspection by an official of the electricity supply
conpany, the bill submtted to the consuner may be adjusted accordingly. A

modi fication of this enbodinent is shown indktrg. 9,.1n which the electronic
cl ocka€ounter 184 is replacgd with a conventjonal “solenoid trip unit 228,

i dentical to thé26sl eayisdngr theuMED Bt ¢ hight , TADY algen agtaatingty s
supplied incorrectly, instead of the counter fg4 registering*the time for
whi ch incorrecttb@eegﬁﬁﬁFgPthélﬁﬁKNRRQPq?Fp fhi 88OBERYLQHE Wuts of f the
entire electricity s gply. As illustrated, the solneoid trip unit is
connect ed in'tthFFFg €dble L, but for the sake of clarity in the drawing

LD, L5 Shown schorphl e Lyt SpU g |5 BL BiehiBegR g comect on

sctuat 10 an ©| g8 8aF, OBl ERUTL AEentie SATRS pyrpRd chUBR BB

electrical suppjygpe Fohs B¥HR! 81d4A1180 WG 1 fBe Doafi8NBEELCL dlid s bR
electronic clock counter to advance. Thus, it is
possible to estimate the total time elapsed dufing,

N which illegal abstraction of electricitj has occurred,
and upon inspecti&n by an official of the electricity
supply company, the bill submitted to the consumer may
be adjusted accordingly. _

A modification of this embodiment is shoﬁn in Fig.
9, in which the electronic clock counter 184Iis
replaced.with a conventional solenoid trip unit 228,
identical to the solenoid trip unit 56 of Fig. 3.
Thus, when electricity is supplied incorrectly,

i instead of the counter 184 registering the time for
which incorrect use occurs, the solenoid trip unit
opens and cuts off the entire electricity supply. As
illustrated, the solneoid trip unit is connected in
the live cable L, but for the sake of clarity in the
drawing this is shown schematically rather than
illustrating the actual connection in the live cable L.

In all the embodiments illustrated, instead of

actuating an electronic clock-counter, the signal



solenoid trip triac or other cut-out device which is inserted in the

i ncom ng mai ns supply. Production of & current at the base would thus
switch off the triac and switch off the mains supply. The invention is not
restricted to the details of the foregoing enbodi nents. [err] -33-
CLAIM5S 1. Apparatus for detecting illegal tanpering with an electricity
neter which is adapted to record the aﬁD%. of electr|C|ty supplied to said
met er through cabl es, the apparatus conprissin a first signal generating

means, Situatiod bR 4561 8SERRINY aRduire! r&@w ldnr%gse%f@g?adapté@ to ..

‘generate a fi Sl gna I's“representative o oW ng

through one ofq %cabkeénat 1AcbRdy leVtdida szii;ﬁ)l?eteri‘otn the

vicinity of the t signal generating neans; a sec signal generating

neans, situaté@eample'serhat hsighaldm@Bt del ROnIRteR: t el sl 68 generate
a second si gnal ichis representatlve of the anount of electricity to be

recorded by sgollen®iér tripdeaiaeniorodthermearts anndevdde witleh ot st he first
and second signals and to produce a third actuation signal when one of the
first and sechrslestedais théfineohing mainsosupplyial Froductiesudf of
a current at the base would thus switch off the triac
and switch o£f the maips supply. h | |
The invention is not restricted to the details of . .

the fo:egoing_epquimeptg. R W/



" .tanpering. —2Z—Apparatus_as claimed in‘claiml, ﬁher%in sajh°nnﬁriorfng
'mﬂﬁﬁ actuating neans adapt ed to produce the third signal,

m ﬂ,’mmls acting upon the actuating nmeans in opposite
conditions the actuating -34- nmeans does not

.means conpr
said first

senses SO t
produce the

third S|gnal bt that when one of the first and second

signal s

is sufficiently greater than the other of the first and second signals, the
third signal is produced. 3. Apparatus as clained in claim1 or cl

wher®n the
| ocated in

first signal generating nmeans conprises a first detecti
use around one of the cable33ef the electricity supply,

aim 2,
ng coH
and the

first signal conprises the electrical signal induced in the coil by the

passage of

the alternating el ectri caCLAIMSent through the cable. 4.

Apparatus as clainmed in claim3, wherein the second signal generati
conprises a secordd dd’smzraiyas:ofqml@etee‘alng iddegpdukampeTiNg t he cabl es
tricity supply,, and the second signal conprises the electrical

signal i ndudddh @n ielegirigity Hee*@ags‘agecbf lshedaptteﬁnaﬂ FEa%Et ri cal
?‘& h the ca?{ﬁ&%ﬁf g;g&s)%gle%egﬁdslagda f t he preceding

of the el ec

current thr
cl ai nB, whe

through cables, the apparatus comprising:

a first signal generating means, situated in use
externally and upstream of said meter and adapted to
generate a first signal which is representative of the
current flowing through one of said cables at a
location outside saia meter, in the vicinity of the
first signal generating means;

a second signal generating means, situated in use
within said metering device, and adapted to generate a
second signal which is representative of the amount of
electricity to be recorded by said meter; and

a monitoring means adapted to monitor the first
and second signals and to produce a third actuation
signal when one of the first and second signals
differs from its correct value as a result of
tampering.

2. Apparatus as claimed in claim 1, wherein said
monitoring means comprises an actuating means adapted
to produce the third signal, said first and second
signals acting upon the actuating.means in opposite

senses so that under normal conditions the actuating

ng means



conprises neans for producing a signal which vari‘eés Wwith the otation of an
electricity met er di SC whose rotational speed is representative of the rate
\;ﬂlﬂ" Mﬂﬂlm cords the amount of electricity supptied. - 35- 6.
lﬂ}n claim5, wherein the neter disc is perforated and
the s&cond 'si dnaF generating neans conprises a |ight source on one side of
the perforated neter disc and a photosensitive elenent on the other side of.
the perforated neter disc adapted to produce a pul sed signal whose pul se”
frequency thereby varies with the rotational speed of the neter disc. '7.?’
Apparatus as claimed in claim5, wherei~34-he neter disc conprises
refl ective and non-reflective portions and the second signal generating
means conpri geeans |dogs notrpreduae &hehdhdsdhsignad dutnethatidebend to
receive light reflected by the reflective neter disc portions fromthe
light source onm@febyher%metngné geread ﬁwlmé‘}iﬁlﬁumﬁhﬁency
varies with the r ot ati onal speed of the disc aratus_as clained in
any of the prakeakel than kb emﬁEF‘@Fn#h&hﬁetfé'Fﬁ s’é“ﬁcﬁﬁﬁ‘?%s a capacitor

adapted to confrol. the_act n_of a.sw tchi devi ce which controls the
operation of SHENAHScatRR gﬁ%?&cﬁlgﬁﬁ& Wﬁ'&ﬁ%ﬂ# * actuation of the said

I ndi cat i on 3. BApparatus as claimed in claim 1 or claim 2,

.wherein the~first_signal generating means comprises a

first detecting coil located in use around one of the
cables of the electricity-supply;.and.the-first_signal
compriees the electrical signal_induced“in the coil by
the passage of-the”alternating'electrical:current'
through the cable.

4., Apparatus as claimed in claim 3,ewherein the
second signal generating means comprises a second
detecting coil located in use around one of the cables
of the eleetricity suppiy,-and the second.signal-“
comprises the electrical signal induced in the coil by
the.passage of the alternating electrical current
through the cable. -

5. Apparatus as claimed in any of the preceding
claims, wherein the second signal generating means
comprises means for producing a signal which varies
with the rotation of an electricity meter disc whose. .
rotational speed is representative of the rate at
which the meter records the amount of electricity

supplied.



devi ce mhéﬁ‘TﬁE’Eharge'br vol tage on the capacittr réaches biprédéte?nined

val ue. 9. 1“mﬂu!ﬂ red in any of clains 2 to 8, wherein the
actuating mm‘m i Ml capacitor and -36- one of the first and
second signats tacts f'o tause chargi ng of the capacitor, and the other of
the first and second signal g.acts to discharge the: capacitor. 10.

Appar atus as -clainmed in any .of the preceding clains, further conprising a
vi sual "t anper-indi cati ng neans and an actuating signal which is adapted to
contr'd the operation of sai'd tanper-indication means. 11. Apparatus as
clained in claim10, wherein the visuak3sanper-indicating nmeans conprises
I1lumnation of a |ight source which is normally unlit. 12. ' Apparatus as
clainmed in claim®0, Wppaiatushecasiclaimednpar eladinc&t,i mhexeains tompri ses
extinguishing of a normally lit light source. 13. Apparatus as clainmed in
clai m 10, whdekex disc iispentopatednandathagsecand sdgmalses an auxiliary
met er which indicates the period of time during which the electricity has
been suppl i egeRSESLING Beans, comprLFas ud hégbgaFQEECPnOQnPnﬁ gide

Phere il o) B e B Al Setsr JES0°an8%a Bhoedhenaislve™ ' N9 AN
' element on the other side of the perforated meter disc
adapted to produce a pulsed signal whose pulse
frequency thereby'éaries with the rotational speed of
the meter disc.

7. Apparatus as claimed in claim 5, wherein the
meter disc comprises reflective and non-reflective
portions and the second signal generating means
comprises a light source, and a photosensitive element
adapted to receive light reflected by the reflective
metef disc portions from the light source, thereby
producing a pulsed signai whose pulse frequency varies
with the rotational speed of the disc.

W ‘8. Apparatus as claimed in any of the preceding
claims,.wherein the meter disc comprises a éapacitor
adapted to control the actuation of a switching device
which controls the operation of an indicating device,
and which allows actuation of the said indication
device when the charge or voltage on the capacitor
reaches a predetermined value.

9. Apparatus as claimed in any of claims 2 to 8,

wherein the actuating means comprises a capacitor and



.ngg;LLELLM,suppLyrf -37- 15. Apparatus for détecfing tahpering with an
nating curr electricity supply fed through nains input cables to a
“ﬂ“m nprising: a first coil disposed in use externally and
ml ering device and in relation to one of the mains input
cab*escso as" to have induced therein a first electrical signal upon passage
of current through the cable; a second coil disposed in use within the
nmetering device and in relation to one of the nmains input cables so as 0
have induced therein a second el ectrical signal upon passage of currentX
t hrough the cabl e; conparator neans fdﬂﬁfbnparlng the first and second
electrical signalg; and_indicatqgr neans, actua an i nbal ance of the

first and sé@%%d°§|5hﬁlglr§§ Rﬁp&ﬁﬁﬂﬁgf§ﬁg ﬁxﬁ " F2nGRPERg with an
et DS TS R RIS
(1 U, 4 DRchiR REGRAYNIsURK 6% SO SI kg abgabiccoll Located
one of said i npUtlﬁ?blﬁﬁpé_Qaﬁﬁst gsh%\ﬂ_%ﬂ“[g&jqﬁg &rpf’r@f NtRe Prec.edl_-_ng

claims, further comprising_a-visual tamper-indicating

means and an actuating sigpal'which is adapted to

control the operation of said tamper-indicﬁtipn means.

11, Appératus'as claimed in claim 10, wherein A
the visual tampe:fihdicating means comprises
illumination of a light source whiéh is normally
unlit. | o _

12. Apparatus as claimed in claim 10, wheréin _
the visual taﬁpereindicatigg méans comprises
extinguishing of a normally 1lit light sour;e.

13. Apparatps_gs claimed in claim 10, wherein
the visual tamper-indicating means- comprises an
auxlllary meter whlch indicates the period of time
during which the electrlclty has been supplied
incorrectly. '

14. Apparatus as claimed in any of the preceding
claims, comprising switch means operable by the
actuating means third signal to cut off the

electricity supply.
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detect inm use within the metering device adapted to
produc qi |ng fromthe rotation of the disc which varies with
the rotationa dpeéd df the disc; tanper indicating means; and actuating
means for actuating the tanper: Jndicating nmeans, the_§ignals fromthe coi
and fromthe detecting neans acting on the actuating heans to render it
i noperative under correct operatlng cong?tlons but .to operate it and
actuafé the tanper detectlng means when”{he signal" r'ecei ved fromthe

reang. of e oy andi® 1 el ff’oﬁiagé%%‘%#at HemBer Lhl Bk g || cgal
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with reference to, and 8 or

Figs. 7 and &aﬁ%ﬂ@ﬂd@@&ﬁ’lfé Gd a%eﬁé‘f:. 0889 ¥, Ngo ﬂ?ﬁ"ﬂbﬁ.ﬁ% 18. An
electricity neter conprising a netering deviCe an appara us as claimed in
any of the precedianEidst Woil disposed in use externally and
upstream of the metering device and in relation to one
of the mains input cables so as to have induced
therein a first electrical signal upon passage.of
current through the cable;

a second coil disposed in uée within.the metering
device and in relation to one of the.mains input'
cables so as to have induced therein a second.
electrical signal upén passage of current through the
cable; | | |

compa}ator means for'comparing the firét and
second electrical signais; and . |

indicator means actuable by an imbalénce of the
first and second signals.

U 16. Apparatus for detecting tampering with an
alternafing current electricity supﬁly fed through
cables to a metering device of the type having a meter
diéc whose rotational speed ?aries with the current
fed to the metering deQiée, comprising: |

a sensing coil located in use externally and
upstream of the metering device and in relation to one
of said input cables so as to have induced therein a
signal which varies with the passage 6f current

through the cable,
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detectlng means located in use w1th1n the |
metering dev;ce adapted to produce a SLgnal resultlng
from the rotatlon of the disc wh;ch varies w1th the
rotatlonal speed of the dlsc,

tamper indlcatlng means; and-

actuatlng means for actuatlng the tamper
indicating means, |

the SLgnals from the c011 and from the detectlng
means actlng on the actuatlng means to render it
lnoperatlve under correct operatlng conditlons, but to
operate it and actuate the tamper detectlng means when
the slgnal recelved from the detectlng means is |
lnsufflclent to counteract the effect on the actuatlng
means of the SLgnal from the corl.

17. Apparatus for detectlng lllegal tamperlng
with an electrlcity meter, substantlally_as hereln
described, with reference to, and as iilustrated.in,
Figs. 4 to.6,:Fi§s; 7 and 8 or Figs. 7 and 8 as
modified.by fig;Q,_of the accompanying drawings.

18. An:electricity-meter comprisinc a metering
device and apparatus_as claimed.in any.of the |

preceding claims.




